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Preface

Stem cell research and therapy herald a new era of medicine, called regenerative 
medicine. Stem cell transplantation brings some benefits for age-related degenera-
tive diseases as well as genetic diseases. Although stem cell transplantation has a 
long history which is more than 50 years old, it still faces some safety, ethical, and 
regulatory issues. This volume, Stem Cells in Clinical Applications: Safety, Ethics, 
and Regulations, provides safety evaluations of stem cell treatments for some dis-
eases and the ethical and regulatory dimensions of stem cell-based clinical applica-
tions in different countries.

The four chapters in Part I provide an introduction to the safety of stem cell 
transplantation. In chapter one, Gero Hütter discusses the safety of allogenic stem 
cell transplantation. Chapter two, by Erden Eren and colleagues introduces safety 
issues when using induced pluripotent stem cells in the treatment of neurodegenera-
tive disease. Chapter three, written by Carlo S. Jackson, Marco Alessandrini and 
Michael S. Pepper provides an introduction to safety concerns of stem cell gene 
therapy. Finally, in chapter four Dimitrios Kouroupis and colleagues record the 
safety of non-expanded stem cells in clinical applications.

The 12 chapters in Part II address the ethical and regulatory dimensions of stem 
cell-based clinical applications. In chapter five, Fikile M. Mnisi explores the ethical 
controversies on the patenting of human embryonic stem cells in South Africa. 
Chapter six, by John D. Banja provides an overview of the ethical considerations in 
clinical stem cell research for neurological and orthopedic conditions. Chapter 
seven, by Barbara von Tigerstrom assesses current and emerging regulatory models 
for clinical stem cell research in the USA, the EU, Japan, and Australia. In chapter 
eight, Christine Hauskeller and Nicole Baur study the regulatory conditions for 
clinical stem cell research in the European Union and comment on the practical 
challenges for multi-country stem cell trials in this global region. In chapter nine, 
Tamra Lysaght examines differences in the framing of ethical concerns in profes-
sional guidelines by the International Society for Stem Cell Research (ISSCR) and 
the International Cellular Medicine Society (ICMS). Chapter ten, by Li Jiang 
focuses on the regulatory and legal situation for stem cell research in China. Jiang 
shows how a booming stem cell industry in China is, through an ongoing process of 



vi

regulatory reform, slowly brought under the control of the state. In chapter eleven, 
Shashank S. Tiwari, Paul Martin, and Sujatha Raman provide insights into regula-
tory developments in the governance of stem cell therapies in India, which are dis-
cussed in the light of the country’s social and health-care context. In chapter twelve, 
Iñigo de Miguel Beriain offers a detailed analysis of the ethical and legal conflicts 
and positions surrounding the patenting of hESC in the context of the European 
Union. In chapter thirteen Achim Rosemann and colleagues provide an overview of 
the regulatory conditions for basic, preclinical, and clinical research in China that 
have emerged since the early 2000s. Chapter fourteen, by Achim Rosemann 
addresses the ethical aspects of the donation of human embryos and oocytes for 
hESC research by focusing on the critical role of clinicians and researchers. Chapter 
fifteen, also by Achim Rosemann, illustrates some of the key challenges for interna-
tional stem cell trials in the light of the ongoing process of global regulatory diver-
sification in the stem cell field.

We are indebted to our authors who graciously accepted their assignments and 
who have infused the text with their energetic contributions. We are incredibly 
thankful to the staff of Springer Science+Business Media that published this book.

Ho Chi Minh City, Vietnam Phuc Van Pham 
Coventry, UK  Achim Rosemann

Preface
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Chapter 1
The Safety of Allogeneic Stem Cell 
Transplantation

Gero Hütter

1.1  Introduction

Allogeneic stem cell transplantation (SCT) was developed between the 1950s and 
1970s and became later a standard treatment for leukemia, hematological cancer, 
and nonmalignant bone marrow diseases. The procedure is associated with chal-
lenging side effects and a high rate of early and late mortality. Aside from relapse of 
the underlying malignancy, particularly graft-versus-host disease and negative 
implication of the necessary immune suppression with reactivation of latent infec-
tions are the main reasons of failing to cure the patient.

In comparison to these treatment-related threats, possible risks from infectious or 
noninfectious complications that originated from the stem cell graft itself are almost 
unnoticed. Here, we report on the safety of stem cell products for the use of hemato-
poietic reconstitution and discuss possible implications for clinical decisions.

1.2  Stem Cell Sources

1.2.1  Bone Marrow

Stem cells from the bone marrow can be collected after general anesthesia and 
puncture of the iliac crest. Thereby up to 1.500 ml of bone marrow blood will be 
aspirated, and by this artificial blood stream, stem cells will be carried away from 
their niches into the collection bag. The stem cell product content has a similar 
hematocrit, a lower platelet count, and a higher concentration of leukocytes as 

G. Hütter (*) 
Cellex GmbH, Fiedlerstr. 36, 01307 Dresden, Germany
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compared to peripheral blood. Because of the high amount of erythrocytes in the 
product, blood group compatibility has to be considered in every patient.

Because of the lower incident rate of chronical graft-versus-host disease, bone 
marrow is the preferred stem cell source in infants/children and adults with nonma-
lignant hematological diseases. In infants and children, special attention to the total 
volume of the product has to be paid especially in terms of volume overload and 
AB0 major/minor incompatibility.

1.2.2  Peripheral Blood Stem Cells

The technique of stem cell collection from peripheral blood was developed in the 
1990s after sufficient electrophoresis machines and the granulocyte colony-forming 
factor (G-CSF) were available. After a 4-day stimulation period with G-CSF, donor 
stem cells will be enriched in an external blood circulation procedure via centrifuga-
tion and continuous or discontinuous collection. The product contains a high con-
centration of leukocytes, a considerable plasma portion of, and a low hematocrit 
usually less than 4%.

1.2.3  Umbilical Cord Blood

Cord blood units are collected immediately after delivery and when the placenta is 
still in utero. Puncture of the umbilical vein is done after desinfection. Some collec-
tion sides perform the collection when the placenta is completely developed and 
suspended on a metal frame. At least 75 ml of cord blood should be obtained for a 
sufficient preparation. After collection, it is feasible to reduce the amount of eryth-
rocytes after centrifugation. The product will be stored after addition of dimethyl 
sulfoxide (DMSO) in the gas phase of liquid nitrogen. After this procedure CB units 
can be safely stored for years and decades.

1.3  Donor Selection and Testing

1.3.1  HLA Restrictions

The general availability of donors is restricted by the compatibility of the human 
lymphocyte antigen (HLA) system which is the major barrier between allogeneic 
cell sources in terms of immune tolerance and rejection. For stem cell sources from 
adult donors, the compatibility of 9–10 from 10 HLA alleles (A, B, C, DRB1, and 
DQB1) is mandatory for a successful transplantation. For cord blood a matching of 
only 6 HLA alleles may be acceptable.

G. Hütter
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1.3.2  Related Donor

Looking for siblings in the family of the patient is generally the first step in donor 
search. The probability in finding an HLA-matched family donor is 1−(3/4)n −1 
where n is the number of children of the parents. If no HLA-matching sibling avail-
able, other family members like children or parents can be considered as haploiden-
tical stem cell source. Usually, the criteria of donor clearance are comparable to 
unrelated donors except the donor’s age.

1.3.3  Unrelated Donor

Unrelated donor selection underwent typically four checkpoints in terms of screen-
ing for potential risks: 1. at the recruitment stage, 2. during confirmatory typing 
(CT), 3. during workup (WU)/donor clearance, and 4. at donation.

At the time point of donor recruitment, no test for infectious disease markers 
(IDM) will be performed. Donor assessment and risk group stratification will only 
be done by questionnaire and medical history. It may last years or decades after the 
recruitment that the donor will be activated for a special patient. That is the time 
point of the stage of CT, where questionnaire and medical history are updated and 
first laboratory testing on the infectious state of the donor are available. During WU, 
the donor is examined at the collection center where the medical record is updated, 
IDMs taken, and physical and additional examinations like ultrasound or chest 
X-ray will be performed. The validity of IDMs is usually limited to 30 days after 
blood samples were taken. Any delay concerning time point of donation requires 
repetition of IDM testing.

Stem cells stay stable and vital for at least 72 h after donation at 4° C as well as 
at room temperature. Because of this restriction of the storage life, the products usu-
ally get released by IDM testing from the day of the WU up to 30 days before. 
Therefore, there is a residual risk to release potential infectious products, e.g., dur-
ing the time of seroconversion or in case of occult infection. To avoid this potential 
risk some collection centers obtain the results of IDM testing at the donation day 
before releasing the product.

For donor clearance, only IDM test kits which are valid and considered suitable 
by the responsible health authorities can be used. In Europe all reagents for diagnos-
tic testing must be CE marked (guide to preparation) or for the United States exhibit 
FDA approval. Tests for donor clearance differ in minor points between the collec-
tion sides and are mostly based on the recommendations of national or international 
guidelines (Table 1.1).

Donor selection follows usually the local and national regulations of blood dona-
tion. Additional to a complete medical history and risk evaluation, the crucial cross-
road is still the IDM test. It is a well-described observation that blood donors who 
give their blood repetitively and frequently have lower incidence rates of infectious 

1 The Safety of Allogeneic Stem Cell Transplantation



6

disease like HBV, HCV, and HIV compared to donors who gave blood once and for 
the first time (Table 1.2). Because stem cell donors are tested at least twice the time 
before donation (CT and WU), the estimated relative risk of carrying undetected 
infections should be attributed to the group of repetitive blood donors. However, 
during urgent stem cell request, CT and final donor clearance have to be done simul-
taneously. Then, the stem cell products will be released by only a single IDM test 
done in maximum 30 days before donation. Taken together, there is a residual risk 
that during the asymptomatic and occult phase of a viral infection donor suitability 
is confirmed, but the donor may develop a critical viremia at the day of collection.

Table 1.1 Recommended tests of infectious disease markers to release stem cell products

IDM European Union WMDA FDAa

HIV-1/2 ab X X X
HIV NAT X X X
p24 X
HBV Anti-HBs X

Anti-HBc X X Xb

HBsAg X X X
HBV NAT X X
HCV ab X X X
HCV NAT X X X
Syphilis X X X
HTLV Type I X X X

Type II X X
CMV Xb

(IDM infectious disease marker, FDA Food and Drug Administration, WMDA World Marrow 
Donor Association) based on Lown et al. (2014), EU Commission Directive 2006/17/EC, and FDA 
Guidance for Industry: Eligibility Determination for Donors of Human Cells, Tissues, and Cellular 
and Tissue-Based Products on www.FDA.gov
aAll tests have to be FDA-licensed
bIgG and IgM

Table 1.2 Incidence of positive infectious disease markers (IDM) in a cohort of blood donors

Incidence of positive IDMs screening/100,000 donationsa

HIV HCV HBV Lues
First donation male 11.1 90.4 175.8 45.0
First donation woman 2.3 57.2 78.7 25.0
Multiple donation male 4.1 2.8 1.5 6.2
Multiple donation woman 0.4 2.0 0.5 1.5
Calculated risk of transmission per 1,000,000 transfusionsb

0.1 0.0 0.2 NR
aAccording to Offergeld and coworkers (Offergeld et al. 2012)
bReport of the German Inspection Authority 2011/2012 (Paul-Ehrlich Institute, Langen, Germany) 
(www.pei.de/haemovigilanzbericht)

G. Hütter
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1.3.4  Cord Blood

The principal agreement for cord blood donation is usually done before delivery. 
Therefore, the quality and safety of cord blood products is highly dependent on the 
effort of the cord blood bank to minimize potential risks. In a survey on maternal- 
neonatal donor pairs, an evaluation of possible exclusion criteria after donation 
revealed a high percentage of ineligibilities which were not known at the time point 
the product was stored (Jefferies et al. 1999).

Generally, not only the mother but also the cord blood unit gets tested for IDM, 
and the results of both are essential for the release of the product (Kogler et  al. 
1999). Some cord blood banks try to enhance the safety of their product by recon-
tacting the donors after a couple of months after delivery. Usually, only medical 
questionnaire will be performed, and no new IDMs collected; potential problematic 
units will be sorted off the blood bank (Lecchi et al. 2001). The complex relation-
ship of mother-to-child transmission of certain infectious diseases is reviewed in 
(Berencsi et al. 2013). In general, the burden of common infectious diseases from 
the herpesvirus group seems to be less frequent in CB units (Behzad-Behbahani 
et al. 2005).

1.4  Reported Microbiological Transmissions

1.4.1  Transmission of Human Immunodeficiency Virus Type 1 
(HIV-1)

After the lessons from the HIV catastrophe in the 1980s, blood products have been 
become saver and saver every year. Today, transmissions of HIV are only reported 
sporadically despite the fact that millions of blood donations and transfusions are 
performed every year. The probability of transmission of HIV has been estimated to 
lower than 1:4,300,000 (CI 2.39–21.37 × 106) in most West European countries and 
the United States (Schmidt et al. 2014). Considering this low probability and the 
fact that up to date approximately 300,000 patients already received an allogeneic 
transplantation since 1980 and that this number increases around 25,000–45,000 
new patients every year, statistically transmission of HIV is thought to be a very 
uncommon event in stem cell recipients.

Principally, HIV can be transmitted by stem cell transplantation. The first case was 
reported by Furlini and coworkers in which a young woman with acute  lymphoblastic 
leukemia underwent SCT from her brother, who was found later to be HIV- positive. 
At the time point of donation no HIV-test was available. Five months after engraft-
ment, HIV antibody testing in the recipient was positive (Furlini et al. 1988). After the 
introduction of routine HIV antibody and later HIV-RNA testing, there is no further 
documented transmission of HIV via SCT (Lown et al. 2014). However, there is a 
residual risk from HIV+ donors before seroconversion harbouring a mutant HIV 

1 The Safety of Allogeneic Stem Cell Transplantation
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strains which may escape from routine NAT testing (Delwart et al. 2004; Schmidt 
et al. 2009).

In a large survey between 2010 and 2012 of the German Red Cross Blood Service 
screening 2.7 million blood donations, four plasma specimens were found with 
false-negative HIV-NAT. Two of them had a viral load below usual sensitivity of 
detection, but two samples had a clear viral load not detected by standard commer-
cial assays. Investigators found deficiencies in the 5′-long terminal repeat (LTR) as 
target region for NAT testing prevented binding of the used primers and leading into 
false-negative results (Muller et al. 2013). As a consequence health authorities have 
now directed to use dual-targeted NAT assays to minimize the risk of transmission 
of these variants of HIV before seroconversion.

1.4.1.1  Prevention of HIV Transmission by a Viremic Donor

Based on the experiences of serodisconcordant couples, post exposition prophy-
laxis, and mother-to-child settings, HIV-1 transmission can effectively be prevented 
by early antiretroviral therapy of the exposed individual. However, compared to 
those routes of transmission with considerable low amounts of infectious particles, 
contaminated blood and therefore also contaminated stem cells products have a 
tremendous higher risk of transmission (transmission risk: contaminated iv needle 
use 6.7‰ compared to contaminated blood product 90%) (Smith et al. 2005).

Irrespectively, there are reports of preventing successfully HIV transmission 
after contaminated blood product transfusion by antiretroviral post exposition pro-
phylaxis assuming that this procedure could also be effective in contaminated stem 
cell sources (Katzenstein et al. 2000).

1.4.2  Transmission of Hepatitis B Virus (HBV)

Transmission of HBV is still a major concern in transfusion medicine and has been 
reported several times during SCT (Lau et al. 1999). Although current serological 
testing for hepatitis surface antigen (HBsAg), serological markers like anti-HBs and 
anti-HBc, and most effective the nucleic acid test for HBV genome have improved 
the safety of blood products, HBV transmission occurs still with the highest inci-
dence of all serious transfusion-associated viral infections. Several improvements in 
optimizing the detection test have already been achieved, and the window period 
length for HBsAg test has decreased from 59 days using enzyme immunoassay 
(EIA) to 36–38 days using the new EIAs and chemolumynoimmunoassay (ChLIA) 
tests (Assal et al. 2009; Schreiber et al. 1996). Moreover, HBV NAT testing arises 
around 21 days after transmission and 15 days before the serologic testing detects 
the HBV infection (Kleinman et al. 2009).

However, HBV transmission may occur in window period where donors display 
low viremia. Today, the HBV transmission risk has been significantly reduced 

G. Hütter
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mostly by the standard use of DNA-based techniques. It has been estimated that the 
risk of HBV transmission by occult hepatitis B infection (OBI) is still around 
1:116,000–1:150,000 depending on the local prevalence of HBV (Candotti and 
Allain 2009).

The prevalence of HBV and thereby the risk of transmission by OBI donors are 
highly dependent on the country from which the graft was collected. The prevalence 
of anti-HBc variates from nearly 15% in Greece down to 1% and lower in the United 
Kingdom and the United States (Candotti and Allain 2009; Solves et al. 2014). The 
absence of surface antigen and a negative NAT for HBV make these anti-HBc 
donors suitable for stem cell donation. However, low-level viral replication during 
the acute or chronic phase of HBV infection could be present but undetectable to the 
routinely used NAT assays. Furthermore, escape mutants can occur undetectable to 
current HBsAg screening assays.

1.4.2.1  How to Proceed with Anti-HBc-Positive Donors?

Approximately 90% of blood donors carrying anti-HBc also carry anti-HBs indicat-
ing a recovery from HBV infection and thereby immunity (Allain et al. 2003). The 
remaining 10% of donors are attributed as “anti-HBc only” may originate either 
from recovered infections that have lost detectable anti-HBs or from late stage 
chronic infections having lost detectable HBsAg. Principally, both groups may har-
bor latent virus which is competent to replicate and might be transmitted. Usually, 
“anti-HBc only” will be excluded from blood donation, whereas donors with suffi-
cient (>100 IE) titer of anti-HBs are eligible to donate. Theoretically, these donors 
have the ability to develop escape mutants between donor clearance and donation 
irrespectively a sufficient anti-HBs titer. Therefore, products from donors with posi-
tive anti-HBc test should be released by the results of IDM (HBV-NAT) testing on 
the day of donation and not only by the results from donor clearance.

1.4.2.2  Prevention of HBV Infection in Case of HBV Viremic Donors

Recipients of SCT are exposed against several blood products during their course of 
treatment. Therefore, vaccination against HBV would be an easy way for protection 
against transmission. However, 57% of the pre-transplant vaccinated recipients 
loose their immunity after transplantation (Idilman et al. 2003). A considerable high 
risk in HBV reactivation is reported in recipients with previous infection and sero- 
scare (Knoll et al. 2007). In the case that only a donor with history of HBV infection 
is available, there are reasonable strategies to prevent transmission. In a case series 
of 13 patients, Frange and coworkers reported transplantation of units with increased 
risk of HBV transmission. Four donors were HBs-Ag positive with low but detect-
able viremia; all other units were HBs-Ag positive but HBV-NAT negative. 
Recipients were variable pretreated with, e.g., vaccination, immune globulins, spe-
cific anti-HBV immune globulins, and lamivudine prophylaxis. All stem cell units 
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were tested negative for HBV-NAT. No one of the 13 recipients developed serocon-
version post-transplant (Frange et  al. 2014). In a similar setting, another group 
reported a reduction of the risk of HBV transmission by administrating prophylactic 
lamivudine and vaccination from 48.0 down to 6.9% (Hui et al. 2005).

1.4.3  Transmission of Hepatitis C Virus (HCV)

Recipients of stem cell transplantation receive frequently blood products, and the 
cumulative number of transfused units may exceed 100 products over the time of 
cancer treatment. Therefore, transmission of HCV in these patients was a major 
problem before routine screening for HCV antibodies and later NAT testing was 
established (Kolho et al. 1993; Locasciulli et al. 1991). Despite of the risk of trans-
mission from supportive blood products, transmission of HCV by the graft itself 
was reported frequently in the past. In a case series, Shuhart and coworker reported 
on 12 patients who tested HCV negative before transplantation and received grafts 
from HCV-positive donors. In seven donors the NAT testing for HCV was positive, 
and all recipients of those units were infected with the virus. On the other side, the 
remaining five recipients who received only the antibody-positive and NAT-negative 
product stayed free of disease (Shuhart et al. 1994). Today in the era of HCV, NAT 
testing transmissions of hepatitis C via blood products is an outstanding rare event.

1.4.3.1  Prevention of HCV Transmission

There are some reports where stem cell donors with HCV viral load received anti-
viral medication to suppress replication and then successfully donate the graft with-
out transmission (Surapaneni et  al. 2007). Moreover, a report of a prophylactic 
administration of peg-interferon in combination with ribavirin to treat the recipient 
receiving a stem cell product from an viremic donor successfully prevented HCV 
transmission (Hsiao et al. 2014).

According to the biology of HCV, it has been assumed that the infection is lim-
ited to hepatocytes, and transmission would derive from virus particles in the serum. 
Removing the serum and other components of the blood except of the stem cells by, 
e.g., CD34+ selection should remove the major source of infectious material. 
However, as shown by Thomas and coworkers, this method was not sufficient to 
prevent transmission in a patient receiving CD34 + −selected stem cells even after 
the stem cell enriched supernatant was washed and tested apparently negative for 
HCV-NAT (Tomas et al. 1999). One of the reasons for this failure of graft purging 
to prevent transmission is that HCV can also harbor in cells in CD19+ mononuclear 
peripheral blood cells which could not completely be removed by CD34 selection 
(Di Lello et al. 2014; Zehender et al. 1997).
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1.4.4  Transmission of HTLV-I + II

HTLV-1 + II infection is very rare in Europe and is mostly limited to risk groups like 
intravenous drug users. The disease is endemic in Japan, Caribbean countries, some 
parts of Africa, and South America. The World Marrow Donor Association (WMDA) 
recommends HTLV antibody testing for all stem cell donation. The recent German 
guidelines allow to differentiate between donors with high or low risk for HTLV 
infection and only those how have been exposed or originate from the endemic sides 
are required to get tested (DOI: 10.3238/arztebl.2014.rl_haematop_sz01). However, 
transmissions of HTLV have been repetitively reported in recipients of contami-
nated stem cell products (Kikuchi et al. 2000; Ljungman et al. 1994).

1.4.5  Cytomegalic Virus (CMV) in CMV-Negative Recipients

Despite effective therapy, infection with or reactivation of cytomegalovirus (CMV) 
remains one of the leading causes of morbidity and mortality after hematopoietic 
stem cell transplantation (Boeckh 1999). Transmission of CMV by seropositive 
donors to seronegative recipients of standard blood products has become rare today 
after these preparations are generally reduced concerning their content of leuko-
cytes (Thiele et  al. 2011). In the case of stem cell units from serodisconcordant 
donors, there is a significant risk of CMV transmission. The cumulative risk for 
seroconversion is 19% during the first 100 days after transplantation as shown from 
a survey from the Fred Hutchinson Cancer Research Center (Pergam et al. 2012). 
Approximately 10% of these seroconverters displayed active CMV infection after 
transplantation. The risk of transmission was not connected with the stem cell 
source but with the number of nucleated cells in the graft.

If possible, donors are selected to have the same CMV serology as the patient. 
However, disconcordant transplantation occurs frequently due to the limited choice of 
donors. Transplanting CMV-negative stem cells to CMV-positive recipient is associ-
ated with a remarkable high risk of CMV reactivation in the recipient, whereas CMV+ 
donor on CMV+ recipient is without negative impact. Most relevant is the administra-
tion of CMV-positive stem cells on CMV-negative recipients which is associated with 
a significant decreased survival after allogeneic transplantation (Ljungman 2014).

In terms of cord blood units, there is also a low but still existing risk of CMV 
transmission. In a survey of 1221 CB/donor matches, Albano and coworker were 
able to identify two transmissions of CMV by CB units (Albano et al. 2006). Both 
CB preparations were found antibody negative but positive for CMV-DNA. Similar 
findings have been reported from another group where 0.5% of the cord blood sam-
ples derived from only CMV-IgG-positive mothers were also found CMV-NAT 
positive (Theiler et al. 2006).

Nevertheless, in a multivariate analysis of 753 allogeneic SCT form PBSC, BM, 
and CB, the CMV viremia was significantly more likely in patients who: 1. were 
already seropositive for CMV, 2. had acute graft-versus-host disease, and 3. who 
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received T cell-depleted grafts. Graft source did not independently contribute to the 
risk of CMV infection and did not impact survival after CMV infection indication 
of a minor influence of the graft source on CMV transmission (Walker et al. 2007).

1.4.6  Possible Risks from Donors with Epstein-Barr Virus 
(EBV)

Stem cell donors are generally tested for EBV. The major concerns in transplanting 
EBV-positive stem cell units on EBV-negative recipients are the problem of acute 
EBV infection during the transplantation and engraftment process and the consecu-
tive development of possible EBV-associated lymphoproliferative disorders. In case 
of acute infection or spontaneous viremia of the donor, the collection may be shifted 
to a later time point.

In a small survey of donor/recipient pairs, Sakellariet and coworkers found an 
occult EBV viremia in several donors. However, this EBV viremia was not associ-
ated with EBV reactivation at the donor and not an indicator for a risk of transmis-
sion. Furthermore, risk factors like donor EBV seronegativity were not significantly 
correlated with EBV reactivation in case of EBV positivity at the recipient (Sakellari 
et al. 2014).

However, other blood products like red blood packages or thrombocyte concentrates 
are not regularly tested for EBV, and these blood products are depleted but not free 
from leukocytes. Due to the large number of administered blood packages during trans-
plantation procedure, there is a cumulative risk for transmission of EBV to EBV-native 
recipients of 13.4% after 60 days in a cohort of SCT recipients (Trottier et al. 2012).

One infrequent but serious complication after stem cell transplantation is the 
EBV-associated post-transplant lymphoproliferative disorder (PTLD). The origin of 
the EBV-infected cells in most cases is the donor, and this disease can arise from 
any stem cell source including UC (Haut et al. 2001; McClain 1997). For treatment 
of EBV-associated PTLD, there are no established guidelines available. Approaches 
including high-dose aciclovir, ganciclovir, alpha interferon, cytotoxic drugs, and 
cytotoxic T-cell therapy have been tested. Today reduction of immuno suppression 
is the first line treatment, and early use of rituximab as a second option has to be 
considered. In more aggressive forms of PTLD, upfront chemotherapy may offer a 
better and more durable response (Singavi et al. 2015).

1.4.7  Transmission of Treponema pallidum

Treponema pallidum is transmitted primarily by sexual contact or during pregnancy. 
The spirochete is able to pass through intact mucous membranes or compromised 
skin; parenteral transmission is possible and reported infrequently for blood 
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products and in some rare cases of stem cell products (Naohara et al. 1997). Donors 
generally underwent sensitive screening for Treponema pallidum, and therefore 
transmissions are uncommon.

1.4.8  Commensal Bacteria

Contamination of commensal bacteria is a known problem in blood products. 
However, the highest risk for life-threatening events after administration of those 
units is mostly restricted to blood products stored at room temperature like platelet 
concentrates. Stem cell products are usually stored and transferred at 4 °C ± 2 °C, 
and the storage time is limited to 72 h. Contamination of stem cell products from 
peripheral apheresis is reported usually in around 1% of the collections (Table 1.3) 
(Kamble et al. 2005; Kelly et al. 2006; Kozlowska-Skrzypczak et al. 2014).

As expected due to the different collection technique, contamination in bone 
marrow harvest is reported more frequently (Kamble et al. 2005; Vanneaux et al. 
2007). Although the surgery is performed aseptically, the technique of repetitive 
insertion of the bone marrow aspiration needle in the same cut in the donor’s skin is 
associated with a noteworthy risk of carrying germs into the product.

Usually agents from normal skin flora like coagulase-negative Staphylococcus 
and Propionibacterium acnes are the most frequent isolated microorganisms. The 
clinical significance of bacterial contamination seems to be limited: in a survey with 
19 contaminated products, no adverse sequelae occurred after infusion, and none of 
the transplanted patients developed bacteriemia that could have been related to the 
isolated microorganism (Borecki et al. 1991).

The fact that most of the recipients of allogeneic stem cell transplantation receive 
routinely antibiotic treatment (e.g., for gut decontamination) may contribute to the 
low rate of reported and documented transfusion-associated infections.

Table 1.3 Relative frequency of positive sterile testing of stem cell products

Germ
PBSC own 
dataa PBSCb BMb UCb

Propionibacterium acnes 53.5% 40.6% 11.2% 10.6%
Micrococcus luteus 21.4% 3.1% 2.8% 0
Staphylococcus spp. 17.8% 40.6% 46.4% 42.7%
Steptococcus spp. 3.5% 6.2% 0 3.9%
Enteroccus spp. 0 0 0 25.7%
Others 3.5% 9.3% 2.8% 17.4%
Overall positive sterile testing 0.9% 0.13–3.1% 6.2–60.0% 4.9–7.5%

PBSC peripheral blood stem cells, BM bone marrow, UC umbilical cord blood
aN = 2974
bBased on an evaluation of the Paul-Ehrlich Institute, Langen, Germany of 23 German collection 
centers (http://www.pei.de)
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There are few reports of contamination that did not origin from donor as reported 
from Kassis and coworkers. They found 6 of 45 stem cell units contaminated with a 
Mycobacterium mucogenicum-related pathogen. As the source of this contamina-
tion, they found colonized ice cubes which were used during stem cell processing as 
the responsible origin (Kassis et al. 2007).

Although reports of relevant bacterial transmission are rare, they can also cause 
severe complication like in the case reported from Kelley and coworkers, where a 
36-year-old patient with chronic myelogenous leukemia received a stem cell prod-
uct contaminated with Bacillus cereus. The patient developed life-threatening acute 
renal failure and disseminated intravasal coagulation (Kelley et  al. 2014). 
Interestingly the stem cell product was transferred from the collection center at 
room temperature for 31 h.

Storage temperature may have divergent effects on possible bacterial contamina-
tion as shown by Hahn and coworkers. They spiked 66 individual bone marrow 
samples stored at 20–24 °C room temperature or 3–5 °C, respectively. In products 
spiked with typical bone marrow contaminants (P. acnes and S. epidermidis) and E. 
coli germ outgrowth was arrested under room temperature. However, under these 
conditions several pathogenic bacteria (S. aureus and K. pneumoniae) proliferated 
dramatically, but these agents have minor relevance in terms of artificial contamina-
tion so that authors recommend room temperature for BM storage (Hahn et  al. 
2014).

Sterility of CB is highly dependent on the training skills of medical personnel 
during this procedure. For example, the London Blood Bank reported to have low-
ered the contamination rate from 28% to less than 1% after an intensive training 
program (Armitage et al. 1999). As expected, the spectrum of germs is different to 
PBSC and BM, and aside from skin flora, there is also vaginal flora and fecal and 
environmental germs detectable. Usually, contamination rates between 4 and 5% 
are reported (Kamble et al. 2005; M-Reboredo et al. 2000). Secondary contamina-
tion of the product, for example, after rupture of the collection bag, is uncommon 
but may occur in cryopreserved packages (Mele et al. 2005).

1.4.9  Other Pathogens

Global traffic, climate change, and immigration modify the occurrence of known 
infectious disease and may alter the incidence of new health threats. In the past 
years, new entities of infectious agents have tracked attention like dengue fever, 
West Nile virus, chikungunya virus, or hepatitis E virus which can all be transmitted 
by blood products. However, reported cases are mostly limited to countries where 
these agents are endemic (Stramer 2014). However, transmission of malaria, Chagas 
disease, and brucellosis have been  reported occasionally after SCT (Ertem et  al. 
2000; Mejia et al. 2012; Villalba et al. 1992). Whereas transmission of WNV is a 
reasonable risk in endemic areas for blood donation, cases of WNV transmission by 
SCT have not been published so far. According to this, not every infrequent agent 
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can be tested routinely, but careful donor questionnaire, anamnesis, and travel his-
tory may narrow the possible exposures.

In a small case series during the influenza H1N1 pandemic, a Korean group 
reported on three donors who have been found to be infected during stem cell dona-
tion. The virus was detectable in nasal aspirate in all and in two of them in the blood 
stream. One stem cell product was found positive for influenza H1N1 PCR before 
administration. The recipients received prophylactic oseltamivir at a dose of 150 mg 
twice daily for 7 days and did not show symptoms or signs associated with influenza 
(Lee et al. 2011).

Herpes viruses are general less frequent in CB units as compared to adult donors 
except for human herpes virus type 6 (HHV-6) which is casually isolated from CB 
progenitor cells. De Pagter and coworkers reported a case of transmission after CB 
transplantation by HHV-6, a virus which is able to integrate into chromosomal 
DNA. Although the recipient was HHV-6 positive before transplantation, transfu-
sion of the cord blood led to a rapid and over months sustained viral load in the 
patient (de Pagter et al. 2010).

Infection or reactivation with parvovirus B19 (PVB19) after SCT is uncommon 
but may cause severe complications. In a review of 98 patients after SCT, Eid and 
coworkers described three cases with fatal PVB19-associated myocarditis and red 
blood cell anemia in 98.8% of these cases leading to a transplant loss in 10% (Eid 
et al. 2006). BVB19 can be transmitted by any blood product and has been reported 
casually for stem cell products (Heegaard and Laub Petersen 2000). Screening for 
PVB19 DNA is easy and efficient to detect viremia in the donor. However, variants 
in the PVB19 genome as reported in the genotype 3 are highly associated with 
chronic anemia after SCT, and viremia is not detectable by using routine PCR test-
ing assays (Knoester et al. 2012).

1.5  Transfusion-Related Complications

1.5.1  Transfusion-Related Acute Lung Injury (TRALI)

TRALI reaction is characterized by acute respiratory distress (occurrence during or 
within 6 h after the transfusion), dyspnea, hypoxemia, new bilateral lung infiltra-
tions in the chest radiograph, and no evidence of hypervolemia. The reported fre-
quency in transfusion medicine is between 1/1120 and 1/5000 transfusions 
depending on the plasma portion of the product.

Causatives for this complication are donor-derived antibodies against recepient’s 
leukocyte antigens (HLA class I and II), as well as against recipient’s human neu-
trophil antigen (HNA) system (van Stein et al. 2010). These antibodies are detect-
able more frequently in female donors but may also be present in male donors 
(Nguyen et al. 2011). The risk of TRALI reaction after infusion is proportional to 
the plasma content of the product, and therefore this complication has been reported 
more frequently in bone marrow products rather than PBSC and has not  been 
reported in CB products so far (Urahama et al. 2003).
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As figured out, the typical TRALI originates from donor-derived antibodies. 
However, TRALI or TRALI-like reaction can also originate from HLA or HNA 
antibodies from the recipient after exposition against leukocyte-containing products 
like granulocyte concentrate or stem cell products. Knop and coworker reported a 
case where the recipient developed a severe and lethal pancytopenia after bone mar-
row infusion. Causative was that the recipient harbored antibodies against all cell 
lineages including anti-lymphocyte antibodies with specificity against HLA mole-
cules and anti-neutrophilic antibodies against HNA-2a (NB1, CD177) (Knop et al. 
2004).

To reduce the transfusion-related risks of TRALI, a granulocyte agglutination 
test (GAT) may uncover these cross-reactions. More advanced, very sensitive, and 
rapid working tests like the automated flow cytometric granulocyte immunofluores-
cence test (Flow-GIFT) are available and have been tested in clinical setting for both 
donors and recipients to reduce the risk of TRALI reaction after receiving leukocyte- 
containing products (Schulze et al. 2011).

1.5.2  Hemolytic Transfusion Reaction (HTR)

AB0 blood group system should be considered during allogeneic SCT for several 
reasons. Major AB0 incompatibility can cause severe hemolytic transfusion reac-
tion, especially in the case bone marrow is used (Lopez et al. 1998). Furthermore, 
outcome in AB0 compatible donor-recipient setting is significant better than in 
minor and major incompatibility (Kimura et al. 2008).

Moreover, most patients receiving SCT are heavily pretreated with transfusions 
and have an increased risk to develop irregular antibodies. Kim and coworker 
reported a patient with alloreactive anti-Jk(a) where the donor was Jk(a) antigen 
positive. To avoid hemolytic transfusion reaction, rituximab was added to the con-
ditioning regimen of fludarabine and melphalan. The patient proceeded to receive a 
peripheral blood stem cell transplant from a matched unrelated donor with no 
adverse events (Kim et al. 2013).

Not only major but also minor hemolytic transfusion reaction caused by the 
plasma portion of the transplant has been frequently reported. Several transplant 
centers request for plasma-diluted PBSC to decrease the cell concentration and 
thereby enhance the vitality of the stem cells during transport. For collection centers 
the benefits and risks of a freehanded dilution with plasma have to be balanced and 
discussed with the transplant center (Akkok et al. 2013).

Interestingly, the type of conditioning regimen of the patient may reduce the risk 
of minor hemolytic transfusion reactions. GVHD prophylaxis with MTX reduces 
the risk of hemolytic reactions after receiving minor ABO-mismatched PBPC grafts 
(Worel et al. 2002). Transfusion reaction may occur delayed but massively like in 
the case reported from Salmon and coworkers: a donor (Rh D-positive) received an 
0 Rh D-positive graft. Hemolysis developed on day 7 after transfusion with rapid 
and complete hemolysis of the recipient’s erythrocytes. Causative for this dramatic 
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development was an unusual high anti-A antibody titer in the donor’s graft (Salmon 
et al. 1999). In any case, careful monitoring of hemolysis parameters during the first 
15 days after SCT is mandatory.

1.6  Risk of Transmission of Donor-Derived Noninfectious 
Diseases

1.6.1  Possible Long-Time Effects

Donors for PBSC are generally pretreated with recombinant G-CSF. Based on large 
observational studies in healthy stem cell donors after G-CSF administration, there 
is no increased risk for malignancies or autoimmune diseases in this group (Holig 
et al. 2009). Additionally, in the past there were some concerns that G-CSF admin-
istration could alter the genome of the consecutive collected stem cells. However 
large follow-up trials in healthy donors after peripheral stem cell collection have 
revealed no increased risk for secondary malignancies. Moreover, in-depth analysis 
of the genome of stem cells after PBSC in terms of genomic stability and epigenetic 
alteration were all negative indicating no sustained effect of the stimulation (Leitner 
et al. 2014; Shapira et al. 2003).

1.6.2  Donor-Derived Malignancies

Donor-derived myelodysplastic syndrome/acute leukemia following allogeneic 
SCT is rare and has been reported since 1971  in about 50 cases (Reichard et al. 
2006). The mechanism of the phenomenon is poorly understood, and in some cases 
a preexisting unrecognized chromosomal aberration of the donor cells can be caus-
ative (Dickson et al. 2014). In a survey of 2390 engrafted patients, the incidence of 
donor-derived MDS/leukemia is not attributed to a stem cell source (PBSC, BM, 
and UC) (Dietz et al. 2014).

Whereas donor-derived leukemia occurs sporadically, donor-derived solid 
tumors are extremely rare but also reported, for example in a case of a male patient 
with acute myeloid leukemia who received one HLA mismatch unrelated graft from 
a female donor and was 9 years later diagnosed with a well-differentiated adenocar-
cinoma of the bile duct and underwent pancreaticoduodenectomy. Fluorescence in 
situ hybridization analysis revealed female patterns of the tumor cells, which sug-
gested that the tumor cells are originated from the donor (Haruki et  al. 2014). 
However, evidence of donor-derived cells within tumorous tissues is not always 
evidentiary that these donor cells are causative for the tumor. In a large survey of 
suspected post-transplant donor-derived malignancies, Worthley and coworkers 
took a closer look on the donor-derived cells in the neoplastic tissue and identified 
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these cells as surrounding and reactive myofibroblasts and not as tumor cells. 
However, the role of these identified donor cells concerning tumorigenesis remains 
unclear (Avital et al. 2007; Worthley et al. 2009).

1.7  Conclusion

Enormous efforts have been reached today concerning the safety of blood products 
after introduction of sensitive test assays. Furthermore, donor screening and donor 
clearance has been improved and is getting more and more standardized worldwide. 
Taken together, transmission of infectious diseases by stem cell preparations is quite 
uncommon. However, there is still some residual risk, e.g., for hepatitis B infection 
or bursts of endemic or pandemic agents; the risk is not substantial different to other 
blood products. However, these other blood products are regularly free or at least 
reduced from leukocytes which is, as a matter of course, not possible in stem cell 
preparations and therefore may harbor additional risk from cell-based or cell- 
integrated diseases.

Prevention of stem cell-based impairment of the recipient should be attributed in 
first line to the donor registry and the collection center. Secondary the transplant 
units are in duty to monitor the recipient carefully during engraftment to evaluate 
potential health threats at the earliest point of time. Most of the possible transmis-
sion originated from stem cell products can successfully be prevented by post- 
exposure prophylaxis.
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ER Endoplasmic reticulum
ES Embryonic stem cells
FAD Familial form of Alzheimer’s disease
FDA Food and Drug Administration
GABA Gamma-aminobutyric acid
G-CSF Granulocyte colony-stimulating factor
GSK-3 Activated glycogen synthase kinase 3
GSK-3 Glycogen synthase kinase 3
GWAS Genome-wide associated studies
hES Human embryonic stem cells
hiPSCs Human-induced pluripotent stem cells
HLA Human leukocyte antigen
HUVEC Human umbilical vein endothelial cells
IFN-γ Interferon gamma
IKBKAP  Inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase 

complex-associated protein
iNSC Induced neural stem cells
iPSC Induced pluripotent stem cells
Klf4 Kruppel-like factor 4
LRRK2 Leucine-rich repeat kinase 2
LV Lentivirus
MAO Monoamine oxidase
MEFs Mouse embryonic fibroblasts
MMP Mitochondrial membrane permeabilization
MPTP 1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine
mtDNA Mitochondrial DNA
NaB Sodium butyrate
NAB2 N-aryl benzimidazole
NHP Nonhuman primate
NMDA N-methyl-d-aspartate
NOS Nitric acid synthase
NPC Neural progenitor cells
Nrf2 Nuclear factor (erythroid-derived 2)-like 2
NTFs Neurofibrillary tangles
Oct3/4 Octamer 3/4
PCR Polymerase chain reaction
PD Parkinson’s disease
PDAPP Promoter-driven amyloid precursor protein
PDGF Platelet-derived growth factor
PINK1 PTEN-induced putative kinase 1
PLG Polylactide-co-glycolide
PSEN1 Presenilin 1
PSEN2 Presenilin 2
ROS Reactive oxygen species
SAD Sporadic form of Alzheimer’s disease
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SNCA Synuclein, Alpha
Sox2 SRY-box containing gene 2
TALEN Transcription activator-like effector nucleases
VEGF Vascular endothelial growth factor
VPA Valproic acid
VPS35 Vacuolar protein sorting-associated protein 35
VSV-G Vesicular stomatitis virus G
ZFN Zinc finger nucleases

2.1  Overview of Age-Related Chronic Neurodegenerative 
Diseases

2.1.1  Alzheimer’s Disease

Alzheimer’s disease (AD) was identified more than 100 years ago, and it is consid-
ered as the most common type of dementia (Alzheimer’s Association 2015). AD is 
known as a progressive disease that affects primarily memory and cognitive and 
functional abilities (Nussbaum and Ellis 2003). Approximately 8 million new cases 
are recorded each year, and it is estimated that this number will reach 115 million 
by the end of 2050 (Jindal et  al. 2014). Additionally, family members and other 
unpaid caregivers provided 17.9 billion hours of care in the USA (Alzheimer’s 
Association 2015). However, the prevalence of AD around the world is changing 
depending on diagnostic criteria and other factors such as ethnicity, age, etc. 
(Hendrie et al. 2001; Hy and Keller 2000). Yet, definite diagnosis can only be done 
post- mortem; there are several studies, which are being studied to identify novel 
biomarkers for earlier diagnosis.

The pathological hallmarks of AD are loss of neurons in the hippocampus and 
extracellular senile plaques consisting of β-amyloid peptides and neurofibrillary 
tangles (NFTs), which are composed of hyperphosphorylated form of microtubule 
protein tau (De-Paula et al. 2012).

β-Amyloid is produced by cleavage of amyloid precursor protein (APP) with α-, 
β-, and γ-secretases. Normally, the cleavage of APP with first α-secretase and then 
γ-secretase occurs in the non-amyloidogenic pathway. However, involvement of 
β-secretase results in the formation of longer C-terminal fragment (C99), which 
contains amyloidogenic amino acid sequence. Further cleavage with γ-secretase 
yields β-amyloid peptides. β-Amyloid (1–42) is the most toxic form of amyloid oligo-
mers, and it can aggressively accumulate in the extracellular niche, leading to neu-
ronal cell death.

Another hallmark of AD is hyperphosphorylation of tau protein. Tau is a 
microtubule- associated protein, which binds to α- and β-tubulins for their stabiliza-
tion. Additionally, its phosphorylation state is important in stabilization. Yet, its 
abnormal phosphorylation leads inability to bind tubulins that result in destabiliza-
tion of microtubules and finally cell death.
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AD have two types: sporadic form (SAD) and familial form (FAD). Mutations in 
three different genes result in familial AD. These genes are APP, which encodes 
amyloid precursor protein, and presenilin 1 and 2 (PSEN1 and PSEN2), which 
encode parts of gamma-secretase family proteins. Individuals with mutations in one 
of those genes are likely to develop AD.  However, familial AD constitutes only 
1–2% of all AD cases.

SAD constitutes the vast majority of the disease. Since it is considered late onset, 
it develops in individuals >65 years old. Younger individuals can also develop AD 
before the age of 65, but this is rare. There are certain risk genes that may cause to 
develop AD. Apolipoprotein E (APOE) gene is the most validated risk gene, which 
has three different alleles. If an individual has at least one copy of apoε4 allele, the 
risk for developing AD is 3- to12-folds higher (Alzheimer’s Association 2015).

2.1.2  Parkinson’s Disease

Parkinson’s disease (PD) is an idiopathic and chronic neurodegenerative disease 
that primarily affects motor functions. It is the second most common neurodegen-
erative disease, which was named in 1800s in the honor of James Parkinson. PD is 
not common in younger adults aged below 40 (Beitz 2014). The prevalence of the 
disease varies with increasing age. Additionally, several factors affect the preva-
lence of PD; these includes geographical location, sex, and age (Pringsheim et al. 
2014). Moreover, several studies have shown that exposure to exogenous toxins, 
genetic background, inflammation, and their combinations can increase the chance 
of developing PD (Bartels and Leenders 2009).

PD is characterized by the loss of dopaminergic neurons in the substantia nigra 
and the formation of Lewy bodies. Together with the formation of cellular inclu-
sions, these findings represent the hallmarks of pathophysiology of PD (Davie 
2008). Lewy bodies contain neurofilamentous proteins along with the proteins that 
are responsible for proteolysis including ubiquitin, a heat shock protein. Mutations 
in α-synuclein are responsible for familial PD. However, mutations in parkin gene 
can cause parkinsonism, without the formation of Lewy bodies. Furthermore, LRRK 
2 gene is known to cause sporadic, idiopathic, or familial PD (Davie 2008). Genome- 
wide association studies (GWAS) have revealed that mutations in different genes 
may cause PD development. Those include SNCA, VPS35, PINK1, and DJ-1 in 
addition to genes that are mentioned above. Mutations in SNCA, LRRK2, and VPS35 
genes are known as an autosomal dominant cause of PD. Furthermore, mutations in 
parkin, DJ-1, and PINK1 genes are an autosomal recessive form of PD and 
accounted for early-onset parkinsonism (Bonifati 2014).

Clinical diagnosis is based on some physical changes and requires accurate anam-
nesis. Those characteristics include rest tremor, rigidity, bradykinesia, and postural 
instability. Additionally, some other clinical signs are worth to give attention such as 
problems in handwriting and reduced facial expression (Hughes et al. 1992). Since, 
it’s shown that Lewy bodies first accumulate in the olfactory bulb, reduced sense of 
smell cannot be ruled out for more accurate diagnosis (Hawkes 1995).
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2.2  Induced Pluripotent Stem Cells Technology

Embryonic stem (ES) cells are capable of differentiating into cells of all three germ 
layers. They are able to proliferate indefinitely, while preserving their pluripotency. 
Furthermore, they hold great promise to treat neurodegenerative diseases, such as 
AD and PD. However, ethical concerns have emerged about the use of ES cells, 
since they are found in the inner mast of the blastocysts in addition to tissue rejec-
tion problems (Vazin and Freed 2010).

To overcome those issues regarding ES cells, new ways have to be found to pro-
duce stem cells while maintaining their pluripotency and self-renewal capabilities. In 
2006, Yamanaka and his coworkers found a new way to obtain from somatic cells, and 
his work was granted the Nobel Prize in Physiology or Medicine 2012. They found 
that using four transcription factors known as “Yamanaka factors” can reprogram 
mouse embryonic and adult fibroblasts into pluripotent stem cells. These factors are 
octamer 3/4 (Oct3/4), SRY-box containing gene 2 (Sox2), cytoplasmic Myc protein 
(c-Myc), and Kruppel-like factor 4 (Klf4) (Takahashi and Yamanaka 2006).

In 2007, Yamanaka and his coworkers move a step to further their work and use 
adult human fibroblasts to produce induced pluripotent stem cells (iPSCs) by using 
the same defined transcription factors (Takahashi et al. 2007). Since then, a great 
number of studies have been done to develop iPSCs technology. Furthermore, 
human somatic cells were reprogrammed with Oct4, Sox2, Nanog, and LIN28 (Yu 
et al. 2007). For this purpose, different reprogramming factors, small compounds, 
mRNAs, and proteins are being used to enhance efficiency for the generation of 
iPSCs. Moreover, different delivery methods and sources are being examined.

Apart from fibroblasts, various cell types are being used to generate iPSCs, since 
reprogramming the efficiency and quality of iPSCs differs among different cells. To 
date, different cells have been used as source for iPSCs, such as primary hepato-
cytes, exfoliated renal epithelial cells, umbilical cord and peripheral blood cells, 
keratinocytes (Raab et al. 2014), pancreatic β cells (Stadtfeld et al. 2008), melano-
cytes (Utikal et al. 2009), neural cells (Kim et al. 2008), and adipose tissue cells 
(Sugii et al. 2010). Furthermore, human umbilical vein endothelial cells (HUVEC) 
are reprogrammed into iPSCs and differentiated to astrocytes and neurons (Haile 
et al. 2015). The choice of cell origin for reprogramming depends on several factors 
including reprogramming efficiency, availability, invasiveness, and methods to be 
used (Durnaoglu et  al. 2011). Fibroblasts are still the first choice for iPSCs 
 reprogramming studies. There are some disadvantages to start with fibroblasts. 
First, fibroblasts are obtained from the skin by punch biopsy. This procedure is very 
painful and has some risks such as bleeding and infection. Other disadvantages are 
longtime period and efficiency. The whole reprogramming takes a long time 
(5 weeks), and the efficiency is quite low compared with keratinocytes. Peripheral 
blood is another source for iPSCs generation. The donor should be prepared with 
G-CSF injection and then CD34+ cells isolated via 4 h of apheresis. The convenient 
alternative source is keratinocyte. It is possible to obtain keratinocytes easily from 
scalp hair. In addition, these cells can be reprogrammed faster, and the method has 
higher efficiency.
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2.2.1  Reprogramming Methods

There are several methods to deliver reprogramming factors into the cells. These 
methods can be classified according to the vector type: viral vector based, naked 
DNA based, and non-DNA based (de Lazaro et al. 2014).

2.2.1.1  Viral Vector-Based Methods

Retroviruses are the most used and known method for reprogramming. This method 
contains higher risk of immunogenicity, and the integration of reprogramming fac-
tors into genome can be a problem for further applications of iPSCs. Moreover, 
lentiviruses (LV) are used for low-efficiency problems of retroviruses, since they 
can only transduce dividing cells, and they also have enhanced tropism owing to 
vesicular stomatitis virus G (VSV-G) pseudotyping. Integration can still be an issue 
for LV transduction (Hu 2014). However, the use of excisable transgenes with LV 
vectors may overcome this problem (Sommer et al. 2010). Another method involves 
adenoviruses, which make transgene-free iPSCs possible; yet it has a low expres-
sion of reprogramming factors and higher integration frequency than naked plasmid 
DNA. Sendai virus (SeV)-based vectors are DNA-free vectors, and a single vector 
can contain all four reprogramming factors. So, efficiency is much higher compared 
to using four different vectors. In addition, genomic integration does not occur, and 
removal of virus particles is much easier. Thus, safety and immunogenicity can be 
established. Furthermore, alphaviruses are used to deliver RNA replicons. However, 
integration can occur due to cDNA conversion in the target cells.

2.2.1.2  Naked DNA-Based Methods

Other method involves the use of naked DNA. For this purpose PiggyBac transpo-
sons, plasmids, and episomal plasmids are used. Using plasmids for the delivery of 
reprogramming factors requires repeated transfection steps, and also current trans-
fection methods are inadequate for reprogramming. Nucleofection can be used, but 
this method requires a relatively high number of cells, as it results in significant cell 
death. Nevertheless, some random integration can occur. Using episomal plasmids 
can be delivered by using Epstein-Barr virus, which can replicate in human cells. 
With this method, the quality of iPSCs is high and has lower immunogenicity. 
However, efficiency is very low, and additional reprogramming factors are required. 
Furthermore, polycistronic sequences can also be used. By this way, integration into 
genome can be reduced, and every infected cell receives all four factors, but packing 
into viral particles is hard due to a larger size of plasmid. In addition to polycistronic 
sequences, Lox sequences can be added using 2A sequences. Using Cre recombi-
nase, excision of integrated sequences can be easy. The PiggyBac transposon sys-
tem is a more advanced version of plasmid system, since it provides excision 
without any genomic alteration and lower immunogenicity. Yet, an extra excision 
step is required, and imperfect excision may occur (Hu 2014).
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2.2.1.3  Non-DNA-Based Methods

Non-DNA-based methods include the use of synthetic mRNAs, miRNA mimics, 
and small compounds. mRNA transfection can induce innate immune response 
through toll-like receptors, which leads to severe cytotoxicity. However, synthetic 
mRNAs can bypass innate responses and allow the generation of transgene-free 
iPSCs. This method has higher efficiency and low toxicity. Additionally, functional-
ity of mRNAs is higher due to translation in the cytoplasm and proper posttransla-
tional modifications. The main disadvantage of this system is that expression time 
is low (about 2–3 days), and repeated transfection is needed.

miRNAs are a class of short, noncoding RNAs, which regulate their target 
mRNAs by binding to the 3′ untranslated regions (UTRs), 5′ UTRs, or open reading 
frames (ORFs). miRNAs have key regulatory functions, starting from the embry-
onic development and extending to cellular differentiation and growth. Thus, it is 
not surprising that miRNAs are associated with pluripotency of stem cells. Earlier 
studies have demonstrated the requirement for ES cell-specific miRNA signatures 
for self-renewal and differentiation of ES cells (Kanellopoulou et al. 2005; Jia et al. 
2013). Afterwards, several studies have shown that miRNAs can be used as repro-
gramming factors. Advantages of this system include the ease of their synthesis, 
non-integrating nature of miRNAs, and controllable administration. Furthermore, 
miRNA expression in the cytoplasm is relatively longer, and less transfection is 
needed (Hu 2014).

iPSCs generation can also be done using proteins of four reprogramming factors. 
Thus, there is no need for any exogenous genetic material that can cause integration 
into genome. However, this technique requires permeabilization of cell membranes 
prior to the delivery of proteins. So, there are a few techniques to achieve this prob-
lem. One of them is the usage of cell-penetrating peptides, which contain high 
amount of basic amino acids. These peptides can be linked with C-terminus of four 
reprogramming factors. These fusion proteins can be produced in E. coli or HEK293 
cell line. Furthermore, nuclear localization signal peptide can be fused to repro-
gramming factors, and this provides minimalization of lysosomal degradation of 
proteins (Li et al. 2014).

Small compounds are also used to generate iPSCs. These molecules enhance the 
efficiency of iPSCs generation. For this purpose, histone deacetylation, demethyl-
ation, and methyltransferase inhibitors are used. Furthermore, signaling pathway 
inhibitors (e.g., glycogen synthase kinase 3, GSK-3) and epigenetic modulators can 
also be used. The purpose is to increase efficiency and generate iPSCs without using 
genetic materials. One of these compounds is the valproic acid (VPA), which inhib-
its histone deacetylation. It enhances iPSC generation and can be used as replace-
ment for c-Myc. Furthermore, this chemical can improve efficiency as far as 
1000-fold. Another chemical used for this purpose is sodium butyrate (NaB). It can 
be used throughout the whole process, and reprogramming efficiency is increased 
(Revilla et  al. 2015). Moreover, lithium also has increased the efficiency of 
 reprogramming of both mouse endothelial fibroblasts (MEFs) and HUVECs (Wang 
et al. 2011; Wu et al. 2013; Masuda et al. 2013). In addition, vitamin C can reduce 
senescence state partially. Sodium chloride can reduce nearly all demethylation 
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 levels via hyperosmosis. Ascorbic acid and GSK3-β inhibitor can facilitate 
 reprogramming as well (Revilla et al. 2015). Besides, Hou et al. showed that VPA, 
CHIR99021, 616,452, tranylcypromine, forskolin, 3-deazaneplanocin A, 2-methyl-
5- hydroxytryptamine hydrochloride, and D4476 are used to generate iPSCs from 
mouse somatic cells (Hou et al. 2013).

2.3  Applications of iPSCs

Animal models are used to understand the mechanisms of neurodegenerative dis-
eases and to screen potential drugs and seeking therapeutic strategies. However, gen-
erating models that accurately mimic the disease as in human physiology is a 
problem, since there are differences in species, cell-line specificity, and lack of brain 
complexity (Wan et al. 2014). Furthermore, there are no models for rare diseases, and 
using animal models to observe disease progression remains difficult and raises 
some ethical issues regarding using too much animals. Moreover, screening for new 
drugs and performing toxicity tests for available drugs are time-consuming. An addi-
tional challenge is to obtain cells (e.g., neurons) from living individuals. In this con-
text, Daley’s group developed disease-specific iPSC models for the first time. They 
use fibroblasts and bone marrow mesenchymal cells to generate disease- specific 
iPSCs including PD, Huntington’s disease, and Down syndrome (Park et al. 2008).

Using iPSCs technology to establish disease models has its own advantages. This 
technology allows us to model diseases more accurately. Therefore, it can provide 
insight into the mechanistic basis of the diseases and leads to discovery of new 
effective treatment strategies. Furthermore, high-throughput chemical screening 
with iPSCs allows predicting more accurate drug-induced toxicity. Additionally, 
cell replacement therapies with patient-specific iPSCs are the ultimate goal, and it 
can develop our current personalized medicine strategies for various diseases.

2.3.1  Disease Modeling

There are inherent differences between the nervous systems of rodents and humans, 
and difference in life spans of those species may also cause inability to serve as 
appropriate AD and PD models. Modeling sporadic and familial AD with iPSCs 
provides understanding the mechanisms of AD pathology and establishing new 
drug testing platforms. Recent studies revealed that human-generated iPSCs could 
be used for disease modeling. Initial studies were focused on familial AD muta-
tions, since these are more homogenized and well characterized (Doege and 
Abeliovich 2014).

First AD-specific iPSCs were produced from the skin fibroblast of familial AD 
patients with PSEN1 and PSEN2 mutations (Yagi et al. 2011). Then iPSC-derived 
neurons from different familial AD mutations (APP, PSEN1, and PSEN2) have been 
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generated to study the pathogenesis of the disease (Table  2.1). Woodruff and 
 colleagues used transcription activator-like effector nucleases (TALENs) to intro-
duce ΔE9 PSEN1 mutations, whether the mutation reduced γ-secretase activity in 
iPSC- derived neural cells (Woodruff et al. 2013).

Additionally, tau phosphorylation was also increased in iPSC-derived neurons 
from patients with familial AD (Israel et al. 2012). In another study, iPSCs, which 
are reprogrammed from fibroblasts of one daughter and father, carrying APP London 
mutation (V717I), differentiated into forebrain neurons, and they showed AD- like 
phenotypes and increased levels of Aβ(42) and Aβ(38) and t-tau and p-tau. Interestingly, 
they found an alteration in γ-secretase cleavage site (Muratore et  al. 2014). 
Heterogenic phenotypes were seen in iPSC-derived neurons. For example, increased 
phosphorylated tau levels were not seen in the neurons carrying PSEN1 or PSEN2 
mutation (Yagi et al. 2011).

In addition to AD phenotypes, differential gene expression changes were seen in 
iPSC-derived neurons from patients with familial AD. iPSC-derived neuron with 
different PSEN1 mutations have shown that ten different genes have been upregu-
lated, and four genes have been downregulated along with increased generation of 
Aβ(42)/Aβ(40) (Yagi et al. 2011; Sproul et al. 2014; Liu et al. 2014). Furthermore, in 
one study, iPSC-derived cortical neurons have increased the endoplasmic reticulum 
and oxidative stress, and also accumulated Aβ oligomers are prone to proteolysis 
(Kondo et al. 2013).

Apart from these models, iPSC-derived neurons can be obtained from sporadic 
AD patients who carry the risk gene allele Apoε4 and others (Table 2.1). iPSC- 
derived cholinergic neurons carrying Apoε4 allele showed elevated Aβ(42)/Aβ(40) 
ratio, increased calcium levels within the cytoplasm upon glutamate exposure, and 
sensitivity for neurotoxic stimuli (Duan et al. 2014). iPSC-derived neurons gener-
ated from sporadic form of AD showed increased levels of Aβ(1–40) and phosphor- 
tau(Thr231) levels along with activated GSK-3β. Yet, one of them has increased Aβ 
levels in neurons and increased ER and oxidative stress also (Israel et  al. 2012; 
Kondo et al. 2013).

PD is the other common neurodegenerative disease. There are many studies 
which are used in iPSC-derived dopaminergic neurons to model PD.  Despite of 
familial PD cases compromising 5–10% of total PD cases (Nishimura and Takahashi 
2013), most of the iPSCs are derived from fibroblasts of patients who have familial, 
while a few studies use iPSCs from sporadic PD patients. Patient-derived iPSC, 
which have different mutations in LRRK2, PINK1, SCNA, and PARK2, can 
 differ entiate into dopaminergic neurons as control iPSCs. These iPSC-derived 
 dopaminergic neurons show various phenotypes including increased oxidative 
stress, increased α-synuclein expression and elevated mitochondrial gene expres-
sions, etc. (Table 2.2). These findings are consistent with non-iPSCs models and 
brain autopsies (Lee et al. 2012b). Moreover, other studies have revealed novel phe-
notypes, which are worth to investigate. For instance, increased monoamine oxidase 
(MAO) activity was observed in PARK2 mutant iPSC-derived dopaminergic 
 neurons, and cells showed increased dopamine release and decreased uptake  
(Jiang et al. 2012). Furthermore, Ryan et al. reported that A53T α-synuclein mutant 
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iPSC- derived cells nitrosative/oxidative stress resulted in S-nitrosylation of  myocyte 
enhancer factor 2C (MEF2C) (Ryan et al. 2013). Neural progenitor cells (NPC) dif-
ferentiated from both healthy and PARK2 mutation-carrying individuals without any 
PD manifestations showed that manganese (Mn) treatment did not result in any differ-
ence between groups. Yet, Mn treatments caused increased reactive oxygen species 
(ROS) levels in mutated iPSC-derived NPCs (Aboud et al. 2012). Ren et al. have shown 
that iPSC-derived neurons carrying parkin mutation have decreased microtubule stabil-
ity and shorter neurite length. Further, overexpression of parkin gene restores microtu-
bule stability and complexity of neural processes (Ren et al. 2015).

Not all studies are related with familial PD mutations. iPSC-derived dopaminer-
gic neurons generated from sporadic PD patient cells have revealed that their phe-
notype is similar to those found in familial PD. However, dopaminergic neurons 
generated from sporadic PD-derived iPSCs need to be cultured for a long time in 
cell culture to be able to show PD-related phenotype (Sanchez-Danes et al. 2012b).

Taken together, these findings are accelerating the research on neurodegenerative 
disease and lead to new translational approaches such as high-throughput drug 
screening. In spite of new developments, there are still major concerns to overcome 
before using iPSC technology.

2.3.2  Drug Screening and Testing

The current drug discovery methods are time-consuming and expensive, as well as 
failure rate is higher due to serious side effects such as cardiotoxicity and hepa-
totoxicity. Approximately 90% of the drugs are not able to reach the market. 
Additionally, 30% of the drugs are given up due to side effects and lack of efficiency 
in clinical trials (Singh et  al. 2015). Furthermore, safety data come from animal 
models, and interpreting the results is not efficient due to species-specific differ-
ences. Using human cell-based toxicity test can overcome these problems, since 
organ- specific cells can be used for high-throughput toxicity screening, while ethi-
cal concerns and time-consuming procedures of animal usage are emerging (Heilker 
et al. 2014).

Current treatments for AD include cholinesterase inhibitors, which are used to 
treat mild to moderate AD, and N-methyl-d-aspartate (NMDA) receptor antagonists 
which are used to treat moderate to severe AD. However, these treatment strategies 
rely on only improving symptoms. To date, there are no drugs that can reverse neu-
ronal loss and stop the cognitive decline in AD.  Several experimental therapy 
options exist; these include immunotherapies, which target to enhance Aβ clearance 
such as bapineuzumab, solanezumab, and intravenous immunoglobulins. Moreover, 
gamma-secretase inhibitors and modulators have been also tested in clinical trials. 
However, these studies have failed to pass phase II and III trials. Herbal  supplements 
such as docosahexaenoic acid (DHA) have the potential as drugs in the treatment of 
AD, and they need to be investigated further to provide as symptomatic treatment 
option. Conclusively, there are also significant amount of potential drug failures in 
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late-stage clinical trials, yet these failures may alter the future of novel therapy 
options (Berk and Sabbagh 2013).

Despite the advancements in PD treatment, there is no drug that can cure PD 
completely. The major challenge for this problem is that molecular mechanism of 
PD pathology remains unknown and primary cause of dopaminergic neuron loss is 
also not known. Several drugs have been found to be effective in animal models; 
however, they failed in clinical trials due to the aforementioned problems related to 
animal models. Also, doses of drugs used in clinical trials may not be effective. 
Furthermore, there is no drug used for neuroprotection. Coenzyme Q, green tea, 
creatine, and minocycline have no effect on disease progression. Currently used 
drugs focus on the improvement of symptoms as in AD treatment. Levodopa (best 
known antiparkinsonian drug), dopamine agonists, glutamate antagonists, MAO B 
inhibitors, and catechol-O-methyltransferase (COMT) inhibitors are used to 
improve symptoms such as dyskinesia (Stocchi 2014).

Currently, experimental drugs are being evaluated using iPSC-derived neurons 
and dopaminergic neurons in both AD and PD models (Table 2.3). Kondo and col-
leagues used β-secretase inhibitor (BSI), DHA, NSC23766 (Rac1 inhibitor), and 
dibenzoylmethane (DBM14–26) to examine the effects on familial and sporadic AD 
iPSC-derived neurons. The authors found no change in the levels of Aβ oligomers; 
on the other hand, they found that DHA reduced ROS generation as well as cleaved 
caspase-4 and peroxiredoxin-4 in neurons. Furthermore, high dose of DBM14–26, 
NSC23766, or DHA treatment elevated binding immunoglobulin protein (BiP) lev-
els. In familial AD mutant iPSC-derived neurons, long-term DHA treatment 
increased cell viability. However, the same treatment did not alter cell survival of 
sporadic AD iPSC-derived neurons (Kondo et al. 2013). Furthermore, Israel et al. 
used β and γ-secretase inhibitors to examine the relationship among amyloid-β, 
p-tau, and GSK-3β. Both inhibitors reduced Aβ(1–40). However, only β-secretase 
inhibitors (βSi-II and OM99–2) significantly reduced aGSK-3β and p-tau/total tau 
(Israel et  al. 2012). Moreover, compound E, a γ-secretase inhibitor, was used to 
examine its effects on a different mutation carrying iPSC-derived neurons in AD 
model. Compound E reduced both Aβ(42) and Aβ(40) levels in both PSEN1 and PSEN2 
mutations carrying iPSC-derived neurons, and they further used compound W 
(selective Aβ lowering agent) and found reduced Aβ(42)/Aβ(40) ratio in iPSC-derived 
neurons (Yagi et al. 2011). Another study has shown that compound E treatment 
reduces p-tau levels in AD-iPSC-derived neurons (Hossini et al. 2015).

Experimental drugs are also being evaluated in iPSC-based PD models. Cooper 
et  al. have used coenzyme Q10, rapamycin, and LRRK2 inhibitor (GW 5074) in 
iPSC-derived neurons and found that coenzyme Q10 reduced cell vulnerability to 
valinomycin and concanamycin. However, rapamycin did not change cell death 
induced by concanamycin. Furthermore, GW 5074 reduced cell death by valinomy-
cin but not concanamycin (Cooper et  al. 2012). Moreover, N-arylbenzimidazole 
(NAB2) reversed the PD phenotype such as mitochondrial dysfunction in A53T 
mutation carrying iPSC-derived neurons (Chung et al. 2013). In another study, they 
used L-NAME, a nitric oxide synthase (NOS) inhibitor, to prevent S-nitrosylation 
for the enhancement of MEF2C-PGC1α pathway. They found that L-NAME pre-
treatment partially recovered pesticide-induced cell death (Ryan et al. 2013).
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Currently, animal models are used for drug screening and toxicity tests. Yet these 
systems are merely imperfect replicas of human system. Molecules which are found 
to be toxic in one animal species may not be toxic for another species. Furthermore, 
newly discovered drugs should be tested on human cells or the human itself; since 
it is not exactly possible, we need a system to mimic the conditions in human physi-
ology. iPSC-derived cells are ideal sources for drug screening and toxicity testing, 
and they represent diseases more accurately in vitro and facilitate drug discovery 
efforts. Developing more robust and reliable differentiation techniques will improve 
the application of iPSCs to drug development for different diseases. Also, it is pos-
sible to assess how an individual may respond to certain drugs. Furthermore, signifi-
cant risks and costs of early-stage clinical trials can be avoided. Thus, development 
of new drugs and patient-specific treatments can increase easily (Qi et  al. 2014;  
Ko and Gelb 2014).

Lee et al. used patient-specific iPSC-derived neural crest precursor cells for drug 
screening. They performed high-throughput assay which consists of 6912 com-
pounds. They found eight candidate compounds to rescue IKBKAP expression, and 
one of them was SKF-86466 which induces IKBKAP expression (Lee et al. 2012a). 
Furthermore, a low-throughput assay composed of 44 compounds was performed 
by using iPSC-derived dopaminergic neurons in MPP+ and rotenone toxicity. They 
found that 16 of 44 compounds showed a neuroprotective effect (Peng et al. 2013). 
Moreover, 3.313 drugs were screened using iPSC-derived hepatocytes, yielding 263 
hit compounds, 42 of which are approved by the Food and Drug Administration 
(FDA). Further screening of these 42 compounds showed that 5 compounds were 
found to be consistent by showing a similar effect on four different patient-specific 
iPSC-derived hepatocytes (Choi et al. 2013).

Therefore, it is possible to say that iPSC-based drug screening provides a safer, 
cost-effective, and faster way to develop new drugs and testing existing drugs for 
toxicity and side effects. Additionally, comparing healthy and diseased iPSC-
derived mature cells provides valuable information about disease mechanisms, and 
novel molecular therapeutic targets can be found in a dish (Giri and Bader 2015).

2.3.3  Cell Replacement Therapy

The first transplantation of iPSC-derived cells was used for the treatment of human-
ized sickle cell anemia mouse model (Hanna et al. 2007). iPSC-derived cell replace-
ment is a new alternative for the treatment of neurodegenerative diseases. Several 
groups transplanted iPSC-derived cells into the brain in preclinical animal models 
of neurodegenerative diseases including AD and PD. Transplanted cells can survive 
in the different brain regions and provide functional recovery (Table 2.4). Human 
clinical studies using iPSCs in neurodegenerative disease have not started yet.

The important advantages of autologous iPSCs for transplantation therapy are 
absence of immune rejection risk and ethical problems. On the other hand, a previ-
ous study has shown that autologous undifferentiated iPSCs elicit a very strong 

E. Eren et al.
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immune response with high lymphocytic infiltration and elevated interferon-gamma 
(IFN-γ), granzyme B, and perforin intragraft (de Almeida et al. 2014). Generation 
of autologous iPSCs is a time-consuming process and delays iPSC-based cell thera-
pies. Therefore, allogenic iPSC-derived cells provide a useful strategy for transplan-
tation therapy in acute brain disorders such as stroke. It requires well-characterized 
human leukocyte antigen (HLA)-typed iPSC lines and their biobanking. Even so, 
small difference in culture conditions alters gene expressions (Newman and Cooper 
2010). The differentiation stage of iPSCs is an important point for the successful 
outcome in transplantation therapy. Differentiated neurons are less immunogenic 
and tumorigenic and do not require differentiation factors. Due to the ability of 
NSCs to differentiate into a variety of cell types, including neurons, astrocytes, and 
oligodendrocytes, they become a favorable cell type in cell replacement therapy. 
However, undifferentiated iPSCs could cause teratoma formation in the transplanted 
brain region (Kawai et al. 2010).

The most critical factor affecting the success of stem cell therapy is the route of 
administration. Intravenous and intraperitoneal routes are the easiest ways; how-
ever, the number of cells that reach the brain is limited (Li et al. 2015). Additionally, 
blood-brain barrier (BBB) also limits iPSCs to cross to the brain. More specific 
methods should be found for delivering iPSCs into the brain. Direct intrastriatal and 
intranigral routes have been successfully used for the transplantation of iPSC-
derived dopaminergic neurons in animal model of PD (Nishimura and Takahashi 
2013). Intracerebral injection could be a more specific way, but it is invasive and 
carries tissue injury risk throughout the route of administration (Martinez-Morales 
et  al. 2013). Intracerebroventricular route may help widespread distribution of 
iPSCs into the CNS, but it is also an invasive route for stem cell delivery (Li et al. 
2015). Intranasal route is an easy and noninvasive delivery method for stem cell 
therapy. In addition, it is suitable for repeated administration (Li et al. 2015). This 
route was used for delivering other types of stem cells, but not for iPSCs delivery, 
even in animal experiments.

Genome editing methods allow the correction of mutations in iPSCs from indi-
viduals carrying mutations. Zinc finger nucleases (ZFNs) are the first used genome 
editing method for mutation correction. It has some disadvantages such as off-target 
effects and cell toxicity (Velasco et al. 2014). Similar to ZFNs, TALENs also gener-
ate double-strand breaks at target site in the genome (Gupta and Musunuru 2014). 
The advantages of TALENs include easier design, low levels of off-target effects, and 
toxicity; however, the size of TALENs limits their use in stem cell therapy. The third 
genome editing tool is clustered regularly interspaced short palindromic repeat/
CAS9 RNA-guided nucleases (CRISPR/CAS9), which has gained attention due to 
easier design, high success rate, low cost, and side effects (Velasco et al. 2014).

Before proceeding to clinical trials, the benefits and safety of iPSCs-derived cell 
transplantation should be evaluated in in vivo animal studies. Toxin-based animal mod-
els of PD, especially the 6-OHDA model, were used for iPSCs transplantation studies 
(Table 2.4). Intrastriatal delivery method was preferred due to regional localization of 
degenerative neurons. Most studies have confirmed long-term survival of transplanted 
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dopaminergic neurons, which provide behavioral recovery (Hargus et  al. 2010; 
Swistowski et al. 2010; Rhee et al. 2011; Chang et al. 2012; Wu et al. 2015). Although 
there was a high concentration of iPSC-derived dopaminergic neuron transplantation, 
functional recovery was not observed in short-term periods (Cai et  al. 2010). 
Additionally, transplantation of terminally differentiated cells results in ineffective 
engraftment (Rhee et al. 2011). The available iPSCs transplantation methods still need 
to be improved before clinical trial. For instance, selection of subtypes of neurons using 
cell sorting may increase transplantation success (Doi et al. 2014). The first in vivo 
iPSC-derived neuronal precursor cell transplantation study for AD was carried out in 
platelet-derived growth factor (PDGF) promoter-driven amyloid precursor protein 
(PDAPP) transgenic mice (Fujiwara et  al. 2013). iPSC-derived cholinergic neurons 
were transplanted into bilateral hippocampus of the 10-week-old PDAPP mice. 
Transplanted neurons survive and show cholinergic and GABAergic phenotypes in the 
recipient mouse brain 45 days after transplantation. Additionally, transplantation of the 
neurons restored spatial memory dysfunction of PDAPP mice.

Nonhuman primates (NHPs) have anatomical and functional similarities com-
pared to humans. In addition, gene expression profile in the brain is also similar 
between NHPs and humans (Verdier et  al. 2015). These similarities make NHPs 
useful animal models to study neurodegenerative diseases. NHP models enable the 
monitoring of long-term outcome of the transplanted cells (Qiu et  al. 2013). 
Moreover, these models provide considerable information about aging process in 
the brain due to display characteristics similar to human aging. AD-related patho-
logical findings, including Aβ accumulation, tau phosphorylation, and atrophy, also 
naturally occur in NHPs (Verdier et al. 2015). They are also valuable animals for 
Parkinson’s disease studies. While 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) does not show toxicity in rats, it leads to loss of dopaminergic neurons of 
the substantia nigra with PD symptoms in NHPs (Capitanio and Emborg 2008). In 
addition to toxin models, mutant A53T α-synuclein over-expressing monkey and 
transgenic A53T monkey have been generated as NHPs animal models of PD 
(Eslamboli et al. 2007; Niu et al. 2015). NHPs have been used for iPSCs transplan-
tation studies for PD. Dopaminergic neurons derived from human iPSCs were trans-
planted to the putamen of MPTP-lesioned cynomolgus monkeys, and transplanted 
cells survived in the monkey brain for 6 months (Kikuchi et al. 2011). Autologous 
fibroblast of Macaca mulatta monkeys was used for the generation of iPSCs in 
NHPs model of PD, and iPSC-derived neural progenitors survived 6 months and 
differentiated into neurons and glial cells (Emborg et al. 2013).

The first human clinical study using iPSC derivatives was started for the treat-
ment of patients suffering from age-related macular degeneration (Okano and 
Yamanaka 2014). The results of this study have not been reported yet. There are also 
several planned clinical trials of iPSCs-based therapies (Okano and Yamanaka 
2014). But, there is no record on web pages of clinical trials for iPSCs-derived cell 
replacement therapy (clinicaltrials.gov, Accessed 04 May 2015). Clinical studies 
should be started with safety and side effects analysis.

E. Eren et al.
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2.4  Future Directions: Challenges and Advancements

2.4.1  Limitations in iPSC Generation and Potential Solutions

2.4.1.1  Integration into Genome

One of the major limitations of iPSC technology is low efficiency. The efficiency is 
as low as 0.001% with current methods. Besides, the current methods are slow and 
require the overexpression of multiple transcription factors at the same time. 
Retroviral systems are still the most used methods for generating iPSCs. This sys-
tem uses transduction of reprogramming factors into host genome, which may result 
in random integration into genome, karyotype abnormalities, and copy number 
variations. Further, this problem can also affect differentiation efficiency. Further-
more, major goals in iPSC generation are avoiding genomic integration with devel-
oping more efficient non-integrative method. Moreover, the elimination of residual 
transgene expression and reactivation of reprogramming factors should be achieved 
(Hu 2014). Another problem is that individual iPSC clones have differences among 
them even if they are generated from the same individual. This might affect differ-
entiation efficiency. Gender and usage of integration factors may cause this prob-
lem. If iPSCs are reprogrammed from cells of a female person, cells have X 
chromosome inactivation which can lead to altered expression of cognition and 
brain development-related genes. If integrating method was used, there might be 
incomplete transgene silencing (Zhao et al. 2014). For avoiding this problem, proper 
PCR screening, excisable vector, or non-integrative methods can be used that are 
mentioned in the reprogramming of iPSCs. However, these non-integrating meth-
ods are not perfect and have disadvantages such as lower efficiency. There are vari-
ous ways to excise those integration transgenes, but these methods have their own 
disadvantages such as micro-deletions in genomic DNA. Lastly, high-quality iPSCs 
must be met along with high efficient reprogramming.

2.4.1.2  Epigenetic Memory

Epigenetic memory could be a problem in differentiation and reprogramming.  
A study showed that iPSCs showed significant reprogramming variability inde-
pendent of reprogramming technique including epigenetic memory of somatic 
cells and abnormal DNA methylation after reprogramming (Lister et al. 2011). 
However, reprogramming cells can erase epigenetic signature but imperfectly. 
This can affect reprogramming and differentiation capacity. Furthermore, disease-
related epigenetic signature can be required for showing disease phenotype, so 
removal of epigenetic signature may result in the loss of disease phenotype (Doege 
and Abeliovich 2014).
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2.4.1.3  Differentiation and Purity

The use of iPSCs in disease modeling has various limitations and problems. 
Currently, there are no standardized and optimized differentiation protocols for a 
given cell type. In additionally, the available protocols are time-consuming and 
inefficient. For instance, iPSC differentiation into dopaminergic neurons takes 
about 21–70  days, and the efficiency differs with respect to techniques used 
(Badger et al. 2014).

After differentiation, cell population must be validated. For this purpose, immu-
nochemistry and PCR methods are used for cell-specific markers. In addition to 
those, in-depth analysis of neuron functionality can be performed via calcium imag-
ing, dopamine release, and electrophysiological properties such as patch clamp 
method (Badger et al. 2014). Further, differentiation yields heterogeneous popula-
tion because of maturation at different time points. Hu et al. has shown that regard-
less of cell origin which iPSCs are derived from, differentiation is highly variable 
and not efficient. They investigated PAX6+ levels and found that PAX6+ expression 
is variable among different clones and clones that were generated from iPSCs repro-
grammed in the same fibroblasts (Hu et al. 2010). Selecting clones with the same 
differentiation capacity may eliminate this variation. Furthermore, disease pheno-
type can be mixed with abnormal phenotypes (Zhao et al. 2014). Moreover, current 
methods are unable to generate specific cell type in reliable and high amounts. 
Differentiation results in mixed cell types. For example, differentiation neurons 
from iPSCs results in cell population composed of neurons and glial cells (Kondo 
et al. 2013). However, if the cell type of interest is unknown for a given disease, 
analyzing multiple cell types at once will be an opportunity, since state-of-the-art 
methods can be used for single cell analysis.

In addition to those problems, most of the studies focused on cell-autonomous 
models. While this approach is acceptable in first steps, the developing brain is not 
working in that way. Notably, cell-cell interactions are required for proper model-
ing, but it is hard to study in differentiation, synapse formation, etc. Studying 
 diseases at the network level may be required for adequately modeling diseases.  
For this purpose, complex cellular interactions are needed rather than single-cell 
analysis (REF).

Furthermore, aging is another problem which researchers are faced, since devel-
oping AD and PD takes decades in humans. However, current iPSC-dependent 
models in culture take a couple of months. Fibroblasts taken from elder individuals 
have shown aging markers, whereas iPSCs reprogrammed from these fibroblasts 
did not show any of those markers (Miller et  al. 2013). Furthermore, progerin, 
which is associated with premature aging syndrome “progeria,” overexpression in 
iPSCs provided aging-associated marker expression (Miller et  al. 2013), and 
progerin expression may promote degenerative phenotypes in iPSC-derived mod-
els. Moreover, it is proposed that environmental factors (toxins, nutrion stress, etc.) 
may promote aging in culture (Doege and Abeliovich 2014).
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2.4.1.4  Control Groups for Research

Selection of control groups in iPSC-derived disease models is another problem. 
Proper control groups are required for revealing disease mechanism and/or drug 
screening. They can be generated from the same age, gender, and ethnic group of 
healthy controls. However, they have different genetic background along with 
 different risk factor exposure (Santostefano et al. 2015). Ideally, isogenic control 
groups should be used. To be able to obtain such cells, mutations in iPSCs should 
be corrected via proper gene editing tools which are ZNFs, TALENs, and Crispr/
Cas9 system (Xu and Zhong 2013).

2.4.2  Safety Concerns for Clinical Grade iPSCs

2.4.2.1  Tumorigenicity, Immunogenicity, and Genomic Instability

Tumorigenicity is one of the major concerns in the usage of iPSCs, since oncogenes 
are used for reprogramming somatic cells into iPSC.  Furthermore, the potential 
presence of undifferentiated iPSCs can also cause tumor formation after transplan-
tation. It is shown that reprogramming without oncogenes (c-Myc and Klf4) can 
reduce tumor formation in mice. Alternative methods can be used to achieve this 
problem such as non-viral methods mentioned earlier (Sect. 2.2.1).

Genomic aberrations can still occur in iPSCs regardless how they were  generated. 
In most cases, reprogramming does not result in alterations in the karyotype, but in 
some instances, it is possible to see abnormalities in karyotype. Furthermore, when 
genomic stability is looked closer, it can be seen that subkaryotypic changes can 
happen during reprogramming or in prolonged subculture periods. Copy number 
variation (CNV) can be detected in iPSC lines. After CNV analysis, early passages 
of iPSCs can have deletions in tumor suppressor genes, and early passages tend to 
have more deletions than late passages. On the other hand, amplifications in onco-
genes tend to occur in late passages. Furthermore, mutations in exons (i.e., protein-
coding regions) can occur, and most of these mutations are acquired during 
reprogramming or in culture of iPSCs. Mutations are maintained during culture of 
iPSCs. All in all, genomic instability of iPSCs, whether gained during reprogram-
ming or in culture, can affect the quality of iPSCs in clinical use (Martins-Taylor 
and Xu 2012).

Another safety concern in iPSC-based therapy is the issue of immunogenicity. 
Generally, autologous cell therapy is generally considered as immune safe. However, 
Zhao and colleagues showed that iPSC cell therapy can induce immune response in 
syngeneic recipients. Furthermore, they showed that after iPSC implantation, immune 
rejection occurred via T-cell infiltration. Moreover, they identified two genes (Hormad1 
and Zg16), which were expressed in iPSC-teratoma, and these genes directly contribute 
immunogenicity of iPSC derivatives (Zhao et al. 2011). Immunogenicity is essential in 
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iPSC-based cell therapy. Using autologous iPSC-derived cell can bypass immune 
rejection. However, autologous iPSC confer some practical problems. The most impor-
tant one is that it is time-consuming. Further, clone selection, differentiation, and char-
acterization require more time. If donors have mutations in their genome, correction of 
mutated gene or genes is a must, and this requires additional time.

2.4.2.2  Biobanking

iPSC banking is an essential matter in terms of both research and clinical applica-
tions. It should assure scientific reproducibility in iPSC researches. Furthermore, 
iPSC lines can have genomic and epigenetic variations, their quality must be 
checked carefully, and genotyping is necessary for providing required genotypic 
iPSC lines for scientific researches (Stacey et  al. 2013). Additionally, iPSC bio-
banks can meet cell demands in cell replacement therapies. Patient-specific iPSCs 
can be used in cell replacement therapies. However, their generation is time- 
consuming and expensive. Additionally, such cells can have genetic defects which 
have to be corrected. Moreover, the quality of such cells can be an issue. iPSC 
 biobanks can provide high quality and low chance of immune rejection iPSCs. 
Furthermore, iPSC supply of these banks cannot be depleted due to the nature of 
iPSCs. Biobanks, which are based on HLA matching, can be used to avoid immune 
rejection problems. HLA is a polymorphic gene inherited with monogenic domi-
nant Mendelian manner. Overall, more than 2558 possible HLA classes (HLA I and 
II) exist. However, according to one estimate, 150 lines are sufficient to match with 
90% of England population, and more diverse population may need more than 150 
lines. Therefore, it can be said that the creation of HLA-matched-based banks with 
sufficient HLA matching which represent different geographical population can 
ease iPSC-based therapies (Solomon et al. 2015).

2.4.2.3  Clearance of Animal Products

Contamination with animal products is an important issue in terms of producing 
clinical-grade iPSCs and biobanking. The use of animal products in reprogramming 
and differentiating iPSCs contains the risk of unknown pathogens, exogenous anti-
gens, etc., because there would be unpredictable risks to humans. Animal product-
free culture medium is also important. Furthermore, animal-derived MEFs are used 
for feeder layer. Alternatives to mouse-derived feeder layer and human-derived 
feeder layer were developed. However, producing them is time- and effort consum-
ing. Matrigel can be used in human iPSCs generation, yet Matrigel is derived from 
Engelbreth-Holm-Swarm mouse. Other alternatives including recombinant pro-
teins, CellStart®, and synthetic polymers can be used instead of Matrigel (Seki and 
Fukuda 2015).
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2.4.3  Recent Biological and Biotechnological Advancements

2.4.3.1  Alternative Strategies for Reprogramming

iPSC generation includes nuclear reprogramming. These iPSCs are in a transient 
pluripotent state which are susceptible to chromosomal aberrations. The genera-
tion of iPSC results in almost complete epigenetic memory erasure. Furthermore, 
methods for generation and differentiation of iPSCs are time-consuming and 
expensive. There are alternative ways to achieve those problems. Direct repro-
gramming is one of them. Epigenetic memory is not completely erased after 
 reprogramming. Moreover, iPSC generation is performed in vitro, but direct repro-
gramming can be performed in both in vitro and in vivo (Amamoto and Arlotta 
2013), for instance, overexpression of Pax6 in astrocytes isolated from postnatal 
cerebral cortex of mice differentiated into neurons (Heins et al. 2002). However, 
some cell types are not always feasible when human physiology is considered. This 
problem leads the scientist into more lineage distant cell types such as skin 
 fibroblasts. Vierbuchen et al. showed that mouse tail fibroblast could be directly 
differentiated into neurons with three distinct transcription factors, which are Brn2, 
Ascl1, and Myt1l (Vierbuchen et al. 2010). Thus, these methods can provide time-
efficient patient-specific cells for both research and clinical applications. Apart 
from these, in  vivo reprogramming is a developing area. The advantages of it 
include cells residing in their native tissue, having low tumorigenesis risk, and hav-
ing new cells autologous in origin. Furthermore, delivery of transcription factor 
into specific cell type requires virus mediated transfer. However, it can have 
unknown consequences (Heinrich et al. 2015).

2.4.3.2  Three-Dimensional (3D) and Organoid Cultures

iPSCs are capable to receive early developmental signals. Thus, when specific sig-
nal is given to iPSCs, different cell type can be differentiated autonomously via 
interacting each other and the environment. Two-dimensional cultures are limited to 
deliver full potential of iPSCs. Using 3D culture with functional biomaterials create 
more relevant physiological environment (Shao et  al. 2015). Using human 
 midbrain-derived neural progenitor cells, 3D cell culture has been established and 
called as 3D neurospheres containing functional dopaminergic neurons, oligoden-
drocytes, and astrocytes (Simao et al. 2015). Sophisticated 3D organoid cultures can 
also be used to mimic this differentiation process. Lancaster et  al. were able to 
generate 3D organoid culture with human iPSCs. This system includes cerebral 
cortex (Lancaster et al. 2013). Additionally, similar systems have been developed by 
various groups (Dye et al. 2015; Beauchamp et al. 2015).
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2.4.3.3  Biotechnological Strategies

Biomaterials

The efficiency of iPSC expansion and differentiation process can be improved 
by  controlling the microenvironment. For this purpose, biomaterials, which are 
designed to interact with cells, can be used. Nano- or microparticles can control 
reprogramming factors as well as modulating epigenetic state of iPSCs. Biomaterials 
can be designed to deliver reprogramming factors more safely and efficiently. 
Furthermore, they can increase the efficiency of iPSC derivation by controlling the 
duration of exposure to extracellular matrix (Tong et al. 2015). Moreover, artificial 
transcription factors can be generated such as NanoScript which was designed as a 
platform for mimicking transcription factor domains. It contained nuclear localiza-
tion signal, DNA binding domain, and activation domain (Patel et  al. 2014). 
Additionally, factors can be integrated into scaffolds, and their differential release 
can be adjusted. For instance, PLGA-based scaffold was used for differential release 
of both vascular endothelial growth factor (VEGF) and PDGF. VEGF was mixed 
with polymer for rapid release, and PDGF was pre-encapsulated with polylactide-
co-glycolide (PLG) for extended release (Richardson et al. 2001).

Bioprinting

Three-dimensional bioprinting is also biomaterial-based iPSC-derived organ sys-
tems. Functional tissues and organs can be produced by using biological elements 
such as cells via 3D bioprinting. These tissues/organs can further be transplanted. 
Spatial control of layers can be controlled, and desired biological properties can be 
obtained. Furthermore, with nanoscale resolution of bioprinting, it is possible to 
construct closely mimicking physiological properties of a desired tissue/organ. 
Moreover, this technique diminishes vascularization and innervation problems in 
3D culture systems (Tong et al. 2015). Kolesky et al. showed that they printed intri-
cate and heterogeneous tissue construct supplied with vasculature, extracellular 
matrix (ECM), and multiple cell types by their novel 3D printing method (Kolesky 
et al. 2014).

2.5  Conclusion

iPSCs technology by Shinya Yamanaka and colleagues in 2006 was a groundbreak-
ing invention. Since then, numerous advancements have been made in the field of 
iPSC research. This development can provide the treatment of incurable diseases. 
Consequently, iPSCs can overcome immune rejection problems and problems faced 
with ES cells such as ethical issues. Although, there are some disadvantages of this 
technology, numerous studies are being conducted for achieving those obstacles. 
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Recent technical advances have provided to overcome safety issues in clinical use 
of iPSCs. However, these methods are still in their infancy. Further investigations 
will provide much safer and efficient ways to the use of iPSCs in clinical 
applications.
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Chapter 3
Clinical Safety and Applications of Stem Cell 
Gene Therapy

Carlo S. Jackson, Marco Alessandrini, and Michael S. Pepper

3.1  Introduction

Gene therapy is becoming increasingly recognized as a potentially important new 
treatment regimen. Gene therapy is performed by the introduction of genetic mate-
rial into patients’ cells to obtain a specific therapeutic effect (Gould and Favorov 
2003). This is accomplished by either eliminating diseased genes or introducing 
functional genes. Initially, monogenic disorders such as adenosine deaminase severe 
combined immunodeficiency (ADA-SCID) were considered for gene therapy 
(Mullen et al. 1996). Subsequently, more complex diseases have been addressed, 
including the disruption of the human CCR5 gene and HIV replication genes using 
RNA interference to prevent viral replication in HIV-positive patients (DiGiusto 
et al. 2010).

The first gene therapy clinical trial was performed in the 1990s (Mullen et al. 
1996), and the first success was reported in 2002 for the treatment of X-linked SCID 
(Hacein-Bey-Abina et al. 2002). However, the excitement was soon dampened when 
two patients developed leukemia. This was a major setback and resulted in a loss of 
enthusiasm for the field. However, in-depth investigation into the cause of death and 
attempts to improve vector safety have led to safer techniques (Check 2002).

The use of genetically manipulated cells that are terminally differentiated only 
provides a transient therapeutic effect due to the inability of these cells to replace 
cells that die. Genetically manipulated stem cells on the other hand have the ability 
to populate a niche in the body and self-renew. This provides a potential long-term 
supply of cells that can express the therapeutic gene(s) (Burnett et  al. 2012). 
Pluripotent and adult stem cells are the two major categories of stem cell types. 
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Pluripotent cells include embryonic stem (ES) cells or induced pluripotent stem 
(iPS) cells. Adult stem cells include hematopoietic, mesenchymal, and epithelial 
stem cells and are found in various tissues where they ensure a steady number of 
mature cells.

Hematopoietic stem cells (HSCs) were the first stem cell type to be used for gene 
therapy purposes given that they had been extensively used in the clinical setting for 
transplantation purposes (Hacein-Bey-Abina et  al. 2002). Bone marrow-derived 
HSCs, harvested either directly or through mobilization into the peripheral blood, 
are the most utilized source. The population of HSCs within a harvested sample is 
relatively rare but can be identified and enriched from this mixed population with 
cell surface markers such as CD34 (Weissman and Shizuru 2008). Therapeutic 
genes can be introduced into stem cells with the use of transfer vectors. Virus vec-
tors are the most commonly used, and gene transduction is most efficient using 
these techniques (Neff et  al. 1997). The original virus backbone used was the 
γ-retrovirus vector, and later adenovirus vectors were adopted (Gould and Favorov 
2003). A major drawback of using these vectors is the potential for the therapeutic 
gene to be inserted into or close to endogenous genes and thereby to modify the 
activity of these genes (Hacein-Bey-Abina et al. 2003). Typically, the γ-retrovirus 
vector was found to frequently insert therapeutic genes into or close to oncogenes 
causing insertional mutagenesis (Blumenthal et al. 2007). A further problem with 
these vectors is that primitive HSCs, which are mostly quiescent or slow-dividing 
cells, are not easily transduced (Horn et al. 2015). Lentivirus vectors are currently 
the vector of choice, and a series of improvements have been made to increase 
safety and efficacy (Gould and Favorov 2003). Gene therapy has rapidly expanded 
to include the use of various vector types and the treatment of numerous hemato-
logical disorders. Recently, genetically manipulated stem cells types, other than 
HSCs, have also been explored for the treatment of non-hematologic disorders.

3.2  Applications

The introduction of therapeutic transgenes into target cells or tissues can be accom-
plished using either a direct delivery strategy or cell-based delivery (Fig. 3.1) (Mohit 
and Rafati 2013). With the direct delivery strategy, the therapeutic gene is cloned 
into a plasmid construct. This plasmid construct can be directly administered to the 
target site for a transient therapeutic effect or packaged into delivery vehicles such 
as adenoviruses or lentiviruses to ensure a long-term effect. The virus vectors used 
in this strategy are usually replication competent and are targeted to specifically 
enter and replicate in the desired cell type (Mohit and Rafati 2013). The use of 
replication-competent viral vectors in patients faces various challenges, and the pre-
ferred delivery strategy is cell-based. In such cases, adult stem cells, ES cells, or iPS 
cells can be used. Adult stem cells, isolated from the patient or donor and propa-
gated in the laboratory, are currently used in clinical trials and have proven to be 
safe (Table 3.1). Genetically modified stem cells are reintroduced into patients to 
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engraft and populate a particular site specific to each cell type (Fig. 3.1) (Mohit and 
Rafati 2013). Autologous adult stem cells are preferred to allogeneic stem cells due 
to the absence of the risk of transplant rejection (Harris 2014).

Clinical trials using adult stem cells and gene therapy have provided several suc-
cess stories, but these have generally been limited to the use of HSCs. However, 
other studies that investigate the use of mesenchymal stromal cells (MSCs) are in 
the pipeline (Myers et al. 2011). Indications explored in clinical trials include SCID, 
Wiskott-Aldrich syndrome (WAS), β-thalassemia, metachromatic leukodystrophy, 
and HIV (Watts et  al. 2012) (Table  3.1). Cavazzana-Calvo et  al. (2000) demon-
strated that full correction of the SCID-X1 disease phenotype is possible, given that 
eight of nine patients that received autologous gene-modified cells were in good 
health 9  years after treatment (Cavazzana-Calvo et  al. 2000; Hacein-Bey-Abina 
et al. 2011). Full immune reconstitution has also been reported in 30 patients that 
received autologous gene-modified cells for ADA-SCID (Ferrua et  al. 2010). 
Cavazzana-Calvo and colleagues have also demonstrated that gene therapy can pro-
vide transfusion independence for patients with severe β-thalassemia, a common 
inherited disorder that is not easily treated with gene therapy. This is due to the need 

Therapeutic
gene

Therapeutic
gene

The therapeutic
gene is packaged
into a delivery
vehicle such as
a retrovirus

The therapeutic gene 
is packaged into a
delivery vehicle such 
as a retrovirus and
introduced into the
cells.

The genetically modified
cells are reintroduced
into the patient.

Adult stem cells are
isolated and propagated
in the laboratory.

Direct Delivery Cell-based Delivery

ES cells

Adult stem
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(e.g. liver)

(can block immune rejection
from patient)

in vitro
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Fig. 3.1 Strategies for delivering therapeutic transgenes into patients (Image used with permis-
sion from Terese Winslow LLC)
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Table 3.1 Clinical trials that have made use of gene therapy and stem cells to date

Stem 
cell Disease Tissue source NCT number Vector Reference

HSC Primary immunodeficiencies

X-SCID Peripheral blood NCT00028236 Retro Cavazzana-Calvo et al. 
(2000)

X-SCID Bone marrow NCT01306019 Lenti Buckley (2004), 
Cavazzana-Calvo et al. 
(2000)

X-CGD Peripheral blood NCT00927134 γ-Retro Ott et al. (2006), Stein 
et al. (2010)

ADA-SCID Bone marrow NCT01852071 MMLV Candotti et al. (2012)
WAS Bone marrow NCT01515462 Retro Aiuti et al. (2013)
CGD Peripheral blood NCT00394316 MMLV Kang et al. (2010)
MLD Peripheral blood NCT01560182 Lenti Biffi et al. (2006), 

Capotondo et al. (2007)
Hemoglobinopathies

β-Thal Bone marrow – Lenti Cavazzana-Calvo et al. 
(2010)

β-Thal Peripheral blood NCT00336362 Lenti Yannaki et al. (2012)
β-Thal Peripheral blood NCT01639690 Lenti Boulad et al. (2014)
Sickle cell 
anemia

Bone marrow NCT02247843 Lenti Romero et al. (2013)

Other single-gene disorders

Gaucher’s 
disease

Bone marrow NCT00001234 Retro Fink et al. (1990)

Fanconi’s 
anemia

Bone marrow NCT00001399 Retro Walsh et al. (1994)

Infectious diseases

HIV Bone marrow – MMLV Bauer et al. (1997), 
Rossi (2000)

HIV Bone marrow – MMLV Kohn et al. (1999)
HIV Bone marrow – Retro Kang et al. (2002), 

Mautino et al. (2001)
HIV Bone marrow – Retro Amado et al. (2004), 

Mitsuyasu et al. (2009)
HIV Peripheral blood NCT01769911 Lenti DiGiusto et al. (2010)

MSC Tumors Bone marrow NCT01844661 Adeno Martı et al. (2010)
Tumors Bone marrow NCT02008539 γ-Retro Niess et al. (2015)

ESC Dermatological diseases

Netherton Skin NCT01545323 Lenti Di et al. (2013)
Junctional 
epidermolysis 
bullosa

Skin – MML De Rosa et al. (2014)

HSC hematopoietic stem cell, MSC mesenchymal stromal cell, ESC epithelial stem cell, SCID 
severe combined immunodeficiency, WAS Wiskott-Aldrich syndrome, β-thal β-thalassemia, MLD 
metachromatic leukodystrophy, HIV human immunodeficiency virus, CGD chronic granuloma-
tous disease, MMLV murine Moloney leukemia retrovirus
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for high expression levels of functional forms of the β-hemoglobin chain to achieve 
a therapeutic effect (Cavazzana-Calvo et al. 2010; Watts et al. 2012). Other thera-
peutic targets of corrective stem cell gene therapy that have been investigated in 
animal models but are not yet in clinical trials include Hurler’s disease, hemophilia 
A and B, and alpha-1 antitrypsin deficiency (Vollweiler et al. 2003).

The potential use of MSCs for gene therapy was recognized during the early char-
acterization of these cells (Myers et  al. 2011). It was found that MSCs are hypo- 
immunogenic and immunomodulatory and have the ability to home to damaged 
tissues to initiate repair processes (Martinez-Quintanilla et al. 2013). MSCs are found 
in very low numbers in adult tissues but can be isolated from the bone marrow, adi-
pose tissue, and umbilical cord with relative ease. To obtain desired MSC numbers for 
clinical applications, the isolated MSC population needs to be expanded (Fossett and 
Khan 2012). MSCs can be specifically induced to be differentiated into osteo-, chon-
dro-, and adipogenic cellular lineages (Choudhery et al. 2013) and have been investi-
gated for use in the treatment of musculoskeletal, vascular, hematological, and 
neurological diseases and neoplasms (Akram et  al. 2012; Fossett and Khan 2012; 
Harris 2014). Unlike HSCs, MSCs do not differentiate spontaneously when expanded 
ex vivo; however, factors such as the age and gender of the donor as well as the seed-
ing density and culture conditions can affect the expansion (Fossett and Khan 2012).

The usefulness of MSCs in gene therapy has been demonstrated in animal models. 
MSCs transduced using the adenoviral delivery system with a modified human bone 
morphogenetic protein 2 (BMP2) gene under the regulation of the “tet-off” system 
and transplanted into muscle surrounding the lumbar spine, lead to ectopic bone for-
mation in mice (Martinez-Quintanilla et al. 2013). This demonstrates the usefulness 
of genetically manipulated MSCs in bone regeneration and repair (Martinez-
Quintanilla et al. 2013). Chondrogenesis was induced in rabbit, horse, and pig arthritis 
models when MSCs transduced with BMP2 and TGFβ were transplanted, resulting in 
reduced progression of osteoarthritis (Cucchiarini et al. 2005). The ability of MSCs 
isolated from patients with osteogenesis imperfecta to produce collagen fibrils was 
restored following genetic disruption of the mutant collagen genes (Chamberlain et al. 
2004). MSCs transduced with the antiapoptotic proteins oxygenase-1, angiogenin 
(Tsubokawa et al. 2010), Bcl2, adrenomedullin (Copland et al. 2008), and integrin-
linked kinase (Song et al. 2009) or the angiogenic protein angiopoeitin-1 in combina-
tion with the prosurvival protein Akt1 (Shujia et al. 2008) improve heart function in 
animal models of myocardial infarction (Myers et al. 2011).

Genetically engineered MSCs have been used to treat cancers in rodent xeno-
graft models by modulating the immune system following the expression of IL-2, 
IL-7, IL-12, and IL-18 or by the expression of TNF, a ligand of the TNF receptors 
expressed on many tumor types, by inducing cancer-specific apoptosis (Myers et al. 
2011). MSCs that deliver the suicide gene herpes simplex virus thymidine kinase 
(HSV-TK) in combination with ganciclovir treatment have been used to suppress 
tumor growth and metastasis in mice (Carcinoma 2011).

The first clinical trial that made use of genetically modified MSCs (NCT01844661) 
was initiated in 2007 (Martı et al. 2010) (Table 3.1). MSCs obtained from the bone 
marrow of four patients with metastatic neuroblastoma were transduced with an 
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oncolytic adenovirus vector called CELYVER that specifically replicates in cancer 
cells. The metastatic tumors disappeared within weeks in one patient who was in 
complete remission 36 months after treatment (Martı et al. 2010). Another clinical 
trial (NCT02008539) that will make use of genetically modified MSCs and an 
HSV-TK suicide gene therapy strategy in combination with ganciclovir to suppress 
cancer metastasis, will be initiated in 2015 (Mátrai et al. 2009).

Epithelial stem cells renew and repair the epidermis. Holoclones, generated from 
ES cells, are colonies with long-term regeneration potential that can be used to 
restore large epithelial defects such as skin and ocular burns. Epidermal stem cell 
holoclones, transduced with a murine leukemia virus (MLV)-based retroviral vector 
expressing the LAMB3 gene (which codes for laminin 332, previously known as 
laminin-5), have been applied in clinical trials for the treatment of junctional epider-
molysis bullosa, a serious skin disease (De Rosa et al. 2014) (Table 3.1). Functional 
laminin 332 was observed in newly formed epidermis that was firmly adherent and 
stable in the absence of blisters, infections, or inflammation. A long-term follow-up 
indicated the safety and efficacy of using epidermal stem cells in gene therapy for the 
treatment of skin diseases (De Rosa et al. 2014). Five patients with Netherton skin 
disease will in 2015 receive epithelial stem cells transduced with lentivirus vectors 
expressing the serine protease inhibitor Kazal-type 5 gene (SPINK5)(Di et al. 2013).

Other stem cell types that are being considered include ES cells, iPS cells, and 
multipotent adult progenitor cells (MAPCs) (Kazuki et  al. 2010; Narsinh et  al. 
2009). The recently discovered MAPC population can differentiate into MSCs, 
endothelial cells, epithelial cells, and hematopoietic cells, which makes it poten-
tially very useful for future gene therapy procedures (Reiser et  al. 2006). 
Undifferentiated ES and iPS cells are said to hold great promise, but safety and ethi-
cal hurdles are still to be overcome as they have the potential to form teratocarcino-
mas. Safety precautions are therefore necessary, and no clinical trials that use ES 
and iPS cells in gene therapy have yet been approved (Yu et al. 2014).

3.3  Safety

Patient safety following administration of gene therapy products is of utmost impor-
tance and should not be compromised to obtain greater therapeutic efficiency 
(Hadaczek et al. 2010). Given that the preparation of gene therapy products is com-
plex, there are several facets that could possibly compromise patient safety, which 
are discussed in detail below.

3.3.1  Proof of Concept

Each gene therapy application has specific requirements, including whether a single 
or multiple genes are to be targeted for being “knocked in” or “knocked out,” the 
need for transient or long-term transgene expression, and the target cell type.  
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The majority of diseases that are being studied in clinical trials are monogenic disor-
ders, which require the corrected expression of a single gene in target cells (Scaramuzza 
et  al. 2009). The demonstration of effective rescuing of the phenotype is usually 
straightforward and does not require much optimization. The correct version of the 
gene with its promoter is amplified from a healthy patient, cloned into a virus vector, 
and transduced into the target cells (Tsuruta 2013). Regarding the treatment of 
β-thalassemia and ADA-SCID, the therapeutic genes are functional forms of the 
β-hemoglobin chain and adenosine deaminase genes, respectively (Von Kalle et  al. 
2004). The only matter of consideration in a proof-of-concept study is the type of vec-
tor that will be used to obtain the safest integration profile (Corrigan-curay et al. 2009).

The gene therapy treatment of some diseases requires the elimination of host 
genes and/or pathogens, which is more complicated (Bunnell and Morgan 1998). 
Genes can be eliminated by a range of techniques. The most commonly used is 
RNA interference (RNAi), which includes short hairpin RNA (shRNA), microRNA 
(miRNA), and ribozymes to disrupt the posttranscriptional expression of the target 
gene(s) (Rossi 2009). Although shRNA and miRNA loops are very efficient, several 
consecutive loops could be required to fully eliminate target gene expression, and 
this requires significant optimization, especially when multiple genes are targeted 
(Bunnell and Morgan 1998). With the treatment of HIV, host and virus genes can be 
silenced with various RNAi techniques. Care should be taken not to use an RNAi 
technique that nonspecifically targets other genes (Tiscornia et al. 2007). Gene edit-
ing techniques, which disrupt target genes at the genomic level, include zinc finger 
nucleases, transcription activator-like effector nucleases (TALENs) (Bobis- 
Wozowicz et al. 2014), and the clustered regularly interspaced short palindromic 
repeat (CRISPR/Cas9) system (Cong et al. 2013). These techniques require lengthy 
optimization and have the risk of nonspecific disruption of nontarget genes. The 
advantage is that the constructs can be transiently expressed and do not require 
insertion into cellular genomes. Gene editing techniques can be used to “knock-in” 
genes at specific loci; however, the insertion efficiency is low and is only useful in 
certain settings (Bobis-Wozowicz et al. 2014).

Various methods have been developed to transfer therapeutic gene(s) into target 
cells, each with its own advantages and disadvantages. Non-viral vectors (e.g., plas-
mids) used in direct delivery methods are easy to produce, are capable of delivering 
synthetic compounds such as oligonucleotides or small interfering RNA (siRNA), do 
not have the risk of vector infection, and reduce inflammatory complications (Seow 
and Wood 2009). However, the transfection efficiency obtained with non- viral vec-
tors is poor compared to viral vectors, transgene expression is transient, and cell 
specificity is low (Molas et al. 2003). Replication-deficient viral vectors (e.g., adeno-
virus, adeno-associated virus (AAV), retrovirus, lentivirus, poxvirus, HSV) are more 
difficult to produce and run the risk of causing insertional mutagenesis (Blumenthal 
et al. 2007). However, cellular specificity can be adjusted, transduction efficiency is 
high, and stable transgene expression can be obtained in the long term. Replication-
competent oncolytic vectors (e.g., measles, reovirus, vesicular stomatitis virus, vac-
cinia) have the advantage of being able to spread to and transduce multiple cells 
in vivo. However, immune activation as well as strict control over cellular specificity 
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is problematic (Seow and Wood 2009). Microbial vectors (e.g., listeria, salmonella, 
E. coli, bacteriophage) can be used to deliver therapeutic genes in vivo; however, 
they are currently limited to the targeting of cancer cells and face safety and efficacy 
limitations (Baban et al. 2010) (Table 3.2).

Early clinical trials (Table 3.1) demonstrated that the use of γ-retroviruses for 
stem cell genetic engineering has major safety issues and does not provide efficient 
transduction (Doering et al. 2011). The insertion sites of therapeutic genes in two 
patients that developed leukemia with γ -retroviral vector stem cell gene therapy 
were found to be near the LMO2 oncogene, and the integration profile of γ-retrovirus 
vectors has been found to favor oncogenes. This initiated the search for other virus 
vector options (Hacein-bey-abina et al. 2008). Clinical trials have been conducted to 
test the use of viruses constructed from the backbone of the human foamy virus, 
murine Moloney leukemia retrovirus (MMLV), adenovirus, and lentivirus (Bouard 
et al. 2009). Retroviral and lentiviral vectors have been further improved. However, 
lentiviral vectors have the advantage of having a large packaging capacity (10 kb 
from long terminal repeat (LTR) to LTR), the ability to transduce nondividing cells, 
stable integration and long-term expression of transgenes, low immunogenicity of 
the virus particles, and an integration profile that does not favor oncogenes (Naldini 
et al. 1996) (Table 3.2). The latest self-inactivating (SIN) lentiviral vectors reduce 
the risk of activating oncogenes or deactivating anti-oncogenes and limit interfer-
ence of endogenous gene regulation (Baum 2008). The safe and efficient transduc-
tion of a wide range of cell types has made lentivirus the vector of choice (Throm 
et al. 2009). Lentiviral vectors can be derived from a range of viruses, but those 
derived from HIV are the most widely used. The safety and efficacy of lentiviral 
vectors are progressively being improved to prevent replication-competent recom-
bination (RCR) (http://lentilab.unique.ch/) and insertional oncogene activation. The 
polypurine tract/central termination sequence, the woodchuck hepatitis virus post-
transcriptional regulatory element, the rev response element, the tat-independent 

Table 3.2 Comparison of gene therapy vectors (adapted from Gould and Favorov 2003)

Vector
Transgene 
capacity Immunogenicity

Genome 
integration

Long-term 
expression

Transfer into 
dividing (D) and 
quiescent (Q) 
cells

Plasmid-
naked

Unlimited Low No Only in 
muscle

D and Q

Plasmid-
complex

Unlimited Low No No D and Q

AAV 4 kb High Yes and 
episomal

Yes D and Q

HSV 35 kb High No Yes D and Q
Retrovirus Up to 8 kb Low Yes Yes D
Lentivirus Up to 8 kb Low Yes Yes D and Q
Bacteria Unlimited High No No D and Q

AAV adeno-associated virus, HSV herpes simplex virus
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self-inactivating, and the Rous sarcoma virus promoter elements have been 
incorporated in lentivirus constructs to improve safety and transduction efficiency 
(Giry- laterrière et al. 2011) (Table 3.3).

Although preclinical proof-of-concept studies may indicate a potentially signifi-
cant benefit, translation to the clinic may be hindered by low transgene efficiency, 
risk to patients, and ethical constraints (Sanchez and Silberstein 2013). After proof 
of concept has been demonstrated, techniques will need to be adapted for clinical 
purposes (Baoutina et al. 2007). It would be unethical to test experimental medical 
therapies in humans if clear benefit and safety have not been demonstrated in the 
preclinical setting. Most experimental procedures are tested either in tissue culture 
or in animals; however, predicted outcomes are not always representative of actual 
outcomes in humans (Seok et al. 2013). In order to bridge the gap between tissue 
culture experiments and patients, mice have been genetically manipulated to be able 
to receive human tissue without rejection (American Cancer Society 2014). Various 
genes involved in the immune system of these mice have been functionally compro-
mised to achieve a mouse strain that provides in  vivo conditions comparable to 
those found in humans. The most widely used immunodeficient mouse strain is the 
NSG mouse (NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ) (Brehm et al. 2015). Human HSCs 
engraft well into irradiated newborn NSG mice or after myeloablation of adult mice, 
which then provide a fully functional human immune system (Ishikawa et al. 2014). 
These “humanized mice” can be used to investigate cancer, infectious human blood- 
borne diseases, transplantation of cells and tissues, and even genetically modified 
stem cells (Shultz et al. 2013). The infection and replication properties of HIV have 
been investigated in humanized NSG mice and were found to be similar to infection 

Table 3.3 Tissue-specific promoters (adapted from Gould and Favorov 2003)

Promoter Target tissue Disease

Saliary gland amylase promoter Salivary gland acinar 
epithelial cells

Sjogren’s syndrome

Kallikrein promoter Salivary gland ductal 
epithelial cells

Sjogren’s syndrome

Involucrin promoter Keratinocytes Scleroderma
Keratin 14 promoter Basal layer of epidermis Scleroderma
L-type pyruvate kinase promoter Liver (hepatocytes) Diabetes and other 

autoimmune diseases
Rat insulin promoter Pancreatic β-islet cells Diabetes
Collagen II promoter Joints (chondrocytes) Rheumatoid arthritis
Human glial fibrillary acidic protein 
promoter

Brain (astrocytes) Multiple sclerosis

Neuron-specific enolase promoter Brain (neurons) Multiple sclerosis
Interleukin-2 promoter Activated T cells All autoimmune diseases
MHC-II specific HLA-DRα promoter Antigen presenting cells All autoimmune diseases
Dectin-2 promoter Langerhans cells All autoimmune diseases
GATA-1 enhancer Erythroid cells All autoimmune diseases
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and replication in humans (Singh et al. 2012). It has further been demonstrated that 
the engraftment of human HSCs, genetically modified with lentivirus constructs to 
contain genes that prevent HIV replication, reduces HIV viral load and increases 
human CD4+ T-cell counts in these mice (Kiem et al. 2012).

3.3.2  The Preclinical Testing Program

The Center for Biologics Evaluation and Research (CBER), the Office of Cellular, 
Tissue and Gene Therapies (OCTGT) of the USA, as well as the European Medicines 
Agency (EMA) have produced guidelines that should be considered when gene 
therapy techniques are being developed for clinical application (European Medicines 
Agency 2008; OCTGT 2013). The selection of a species/model for investigating 
gene therapy products must be relevant and best suited to the provision of data com-
parable to the clinical setting. Immunodeficient animals provide information on the 
potential for adverse immune responses to the ex vivo genetically modified cells, 
the vector, or the expressed transgene (European Medicines Agency 2008). Dogs 
and nonhuman primates offer good preclinical models for HSC-related protocols, 
with nonhuman primates being better due to the fact that they are largely homolo-
gous with humans and hence allow for nearly all human cytokines to be functional 
in this model (Watts et  al. 2012). Appropriate animal models allow for accurate 
analysis of the potential toxicity generated by a vector, transgene, and cell type, as 
well as the potential risks of the delivery procedure prior to clinical trials (Ciurea 
and Andersson 2009). The route of administration and the procedures used to 
administer the product may nullify the therapeutic effect seen in vitro and in animal 
models. For example, intra-arterial delivery of MSCs avoids the accumulation of the 
cells in the lungs, compared to intravenous delivery, allowing the cells more time to 
migrate to the intended tissues (Kean et al. 2013). The delivery procedure of the 
manipulated stem cells may require bone marrow conditioning which has the risk 
itself of inducing morbidity and mortality; however, this risk can be mitigated by 
carefully selecting an appropriate conditioning regimen (Ciurea and Andersson 
2009). The in vivo behavior and activity of the transduced cells must be determined, 
including distribution, localization, trafficking, and persistence (European 
Medicines Agency 2008). Scaramuzza et al. found that CD34+ cells from a WAS 
patient, intended for gene therapy, proliferated slower in vitro with reduced cyto-
kine receptor production when compared to healthy donor cells, thereby affecting 
the efficacy of the gene therapy (Scaramuzza et al. 2009).

The risk of aberrant gene expression caused by the transgene and the integration 
profile of the vector should be thoroughly investigated and characterized in animal 
models to prevent treatment-related fatalities. Cavazzana-Calvo et al. managed to 
determine that dominant clonal expansion is possible due to truncated cellular tran-
scripts of a proto-oncogene that can be spliced to an acceptor site within the vector 
(Cavazzana-Calvo et al. 2010). Low cell viability, high cell proliferation, and abnor-
mal cytokine production of the engrafted cells can affect the safety and efficacy of 
the therapy (Gnecchi et al. 2008).
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Controlled procedures should be followed during virus stock production and the 
transduction of HSCs to prevent pathogen contamination. Large-scale production of 
vector particles must not be adversely affected by the therapeutic genes in the vector 
construct (Logan et al. 2002). Virus vector production and concentration protocols 
can cause cellular toxicity; for example, virus concentration with polyethylene gly-
col 6000 precipitation provides high vector titers with significantly reduced toxici-
ties compared to ultracentrifugation (Kutner et  al. 2009). The target gene that is 
either knocked in or knocked out should not interfere with cellular activities. A 
siRNA can cause nonspecific gene silencing or cellular toxicity if overexpressed 
(Tiscornia et al. 2007). Promoters such as the U6 Pol-III promoter that are used to 
drive strong expression of shRNA can cause toxicity in vivo due to saturation of the 
endogenous miRNA pathway (Ely et al. 2008). Furthermore, a low transduction rate 
can be sufficient to provide proof of efficacy in vitro; however, it has been demon-
strated that a relatively pure transduced population of cells may be necessary to 
obtain effective results in mouse models. Myburgh et al. observed that the trans-
plantation of CD34+ cells, in which only 20–30% of positively transduced cells 
contained an anti-CCR5 miRNA construct, did not reduce HIV viral load in NSG 
mice. However, a reduction in HIV was observed with a CD34 cell population 
enriched for positively transduced cells (Myburgh et al. 2015).

3.3.3  Suicide Genes

There is always the risk that stem cells used in gene therapy may behave abnormally 
and have off-target effects, which in turn may become detrimental to the patient. 
The history of gene therapy demonstrates the potential for treating patients but also 
shows that the gene therapy itself may be detrimental and lead to significant mor-
bidity and mortality (Check 2002). Hence it would be beneficial if the transplanted 
cells could be eliminated in the event of a life-threatening situation. Additionally, 
the techniques used to eliminate transplanted cells should do so exclusively and not 
affect the recipient’s cells. This can be achieved with the use of “suicide genes” 
(Zhan et al. 2013). The first clinical trials testing suicide genes were initiated in 
2002, and since then many have followed (Table 3.4). The trials listed in Table 3.4 
used T cells and CD34+ cells transduced with suicide genes using replication- 
competent virus vectors to target cancer cells in patients (Zhan et al. 2013). The 
field of suicide gene therapy has made significant progress (Blumenthal et al. 2007). 
Cells intended for transplantation for gene therapy can be transduced with a suicide 
gene, in combination with the therapeutic gene, which can be activated to specifi-
cally eliminate the transduced cells in cases of unintended oncogenesis or graft- 
versus- host disease (GVHD) (Blumenthal et al. 2007; Zhan et al. 2013). The two 
most widely investigated suicide genes are Caspase-9 and HSV-TK (NCT01204502, 
NCT01744223).

3 Clinical Safety and Applications of Stem Cell Gene Therapy



78

3.4  Efficacy

The success of a particular gene therapy depends mainly on the ability to achieve a 
safe level of gene dosage in vivo and an effective therapeutic level of gene-modified 
stem cells (Watts et al. 2012). The transgene should be stably and not excessively 
expressed. Stable expression of the transgene is affected by the promoter and vector 
choice (Taylor et al. 2013). Obtaining an effective therapeutic level of gene- modified 
stem cells depends on the selective advantage and engraftment capacity of the modi-
fied cells.

3.4.1  Promoter Selection

The expression of the therapeutic transgene is differentially driven depending on the 
nature of the promoter (Johnston et al. 2013). Viral promoters such as CMV are 
commonly used in in vitro experiments to obtain strong constitutive protein expres-
sion. However, viral promoters are prone to long-term inactivation in vivo (Papadakis 
et al. 2004). Therefore human promoters like the human elongation factor-1 alpha 
and the phosphoglycerate kinase promoters are preferentially used in vectors for 
gene therapy (Johnston et al. 2013). Tissue-specific promoters reduce the risk of 
gene expression in unwanted tissues and thereby increase the safety of the therapy. 
Table 3.3 lists tissue-specific promoters which can be used to selectively express a 
transgene in a given tissue type such as hepatocytes, Langerhans cells, and 

Table 3.4 Suicide genes tested in clinical trials

NCT number
Suicide 
gene

Virus 
vector Conditions Start date

NCT00423124 HSVTK Retro Hematological malignancies Jul 2002
NCT00844623 HSVTK Adeno Hepatocellular carcinoma Dec 2002
NCT00415454 HSVTK Adeno Pancreatic cancer Nov 2006
NCT00710892 iCasp9 Retro Acute lymphoblastic leukemia/non-

Hodgkin’s lymphoma/myelodysplastic 
syndrome/chronic myeloid leukemia

Dec 2008

NCT00964756 HSVTK Adeno Ovarian cancer Aug 2009
NCT01086735 HSVTK Retro Hematological malignancies Feb 2010
NCT01204502 HSVTK Adeno Haploidentical stem cell transplantation Jan 2011
NCT01744223 iCasp9 Retro Acute lymphoblastic leukemia/acute 

myelogenous leukemia/lymphoma
Mar 2013

NCT01822652 iCasp9 Retro Neuroblastoma Aug 2013
NCT01875237 iCasp9 Retro Leukemia/myeloma/myeloproliferative 

diseases
Dec 2013

HSVTK human herpes simplex virus thymidine kinase gene, iCasp9 inducible caspase 9
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chondrocytes. These are important considerations as the promoter choice influences 
virus titer and transduction rates, which in turn will impact on the efficacy of the 
gene therapy (Giry-laterrière et al. 2011).

3.4.2  Transduction Efficiency

Transduction efficiency has a significant impact on the success of a gene therapy 
(Van Griensven et al. 2005). Only the positively transduced stem cells, which are 
generally a minor proportion, provide a therapeutic effect. However, the population 
of untransduced cells will also engraft, but will not contribute to providing the ther-
apeutic effect. In fact, these cells may even inhibit the therapeutic effect of the suc-
cessfully transduced cells (Myburgh et al. 2015). Within an HSC population, the 
primitive subpopulation that has long-term engraftment capacity is very small (Van 
Griensven et al. 2005; Vollweiler et al. 2003). Therefore, even with a high transduc-
tion rate, the probability of obtaining a long-term therapeutic effect from the trans-
duced HSCs is low (Watts et al. 2012). This has indeed been demonstrated in clinical 
trials, where the short-term engraftment in the majority of trials was satisfactory, but 
long-term engraftment was poor (Watts et al. 2012). This effect may also be impor-
tant in other stem cell types such as MSCs that contain small primitive stem cell 
proportions (Myers et al. 2011). Since the transduced cells engraft at extremely low 
rates (Müller et al. 2008), the number of engrafted cells that contain the transgene is 
insufficient to effectively convey the efficacy of the gene therapy. Examples where 
this has been observed include treatments for Fanconi’s anemia and Gaucher’s dis-
ease. The therapeutic benefit of the transgenes was not obtained due to the low 
number of primitive HSCs that were manipulated (Sidransky et al. 2007). The trans-
duction efficiency of the target cell population is thus important and is affected by 
parameters that include the period of pre-stimulation, transduction duration, and 
post-transduction cell culture (Liu et al. 2009).

3.4.3  Engraftment Efficiency

A selective advantage of gene-modified cells and pretransplant conditioning are 
important for engraftment. Genetic correction of HSCs in the treatment of SCID 
provides a selective advantage over mutant cells, allowing a small number of manip-
ulated cells to achieve a therapeutic effect without a transplant conditioning regimen 
(Aiuti and Roncarolo 2009; Fischer et  al. 2010). However, in the treatment of 
Fanconi’s anemia and Gaucher’s disease, the therapeutic efficacy of the HSC gene 
therapy was insufficient due to the small numbers of manipulated cells obtained 
(mentioned in Sect. 3.4.2) that had no selective advantage over non-manipulated 
cells, and no preparative regimen was provided to overcome this limitation (Liu et al. 
1999; Sidransky et al. 2007). Finding a balance between in vivo selection of cells and 
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pretransplant conditioning is difficult and is one of the current limitations in gene 
therapy (Watts et al. 2012). If the gene-corrected cells have a selective advantage that 
allows them to persist and function, then no preparative regimen is provided. 
However, in cases where there is no selective advantage, conditioning should be 
provided. Increasing the number or proportion of gene-modified cells by in vitro or 
in vivo selection and/or ex vivo expansion will improve the therapeutic effect of the 
treatment and provide engraftment with less or no conditioning (Watts et al. 2012).

In order to increase the proportion of transduced cells, and hence select for a purer 
population, a selection marker can be used. The selection of positively transduced 
cells in vitro and in vivo has been accomplished with human genes such as DHFRL22Y 
which provide resistance to the antifolate drug trimethotrexate (TMTX) and α1Q118R/

N129D that provides resistance to ouabain, a selective Na+/K+-ATPase inhibitor 
(Treschow et al. 2007). Chemotherapy resistance genes, such as O6- benzylguanine 
(O6BG), bis-chloroethylnitrosourea (BCNU), and cytidine deaminase, have also 
been used (Momparler et  al. 2002). This type of selection can greatly increase 
engraftment; however, a large initial number of cells is needed due to the removal of 
the non-transduced portion of the cells (Biffi et al. 2013; Kang et al. 2010). The suc-
cess of gene therapy is generally affected by the number of stem cells used, and the 
efficacy can further be affected by donor variables such as age and health status at the 
time of collection (Harris 2014). Due to the difficulty in expanding HSCs without 
differentiation, it is important to have a high number of isolated cells for transduction 
(Biffi et al. 2013; Kang et al. 2010). The transplantation of expanded HSCs is being 
investigated in non-gene therapy clinical trials (NCT01474681, NCT01816230). The 
expansion of gene-modified HSCs will improve transplant success by increasing cell 
numbers as well as safety by providing a window during which transduced cells can 
be screened for mutagenic integration sites (Watts et al. 2012).

The number of MSCs used in gene therapies varies greatly depending on the 
application, site of injection, and research group (Lewis and Suzuki 2014). The 
advantage of MSCs is that they can be expanded in culture to obtain the desired cell 
number. The time it takes to expand these cells should be taken into account, which 
could take up to several weeks (Choudhery et al. 2013). Cryopreservation of stem 
cells in stem cell banks offers the opportunity to preserve freshly isolated or 
expanded stem cells prior to the onset of disease. Stem cell isolation can be per-
formed at a time of good health and cryopreserved to provide a robust population of 
stem cells for gene therapy (Harris 2014).

3.5  Gene Therapy Procedures

Providing stem cell gene therapies to patients comes with many safety, ethical, and 
socioeconomic concerns, all of which affect the outcome of the therapy (Vattemi 
and Claudio 2009). Manipulated stem cells are considered drugs in the USA and the 
European Union and are classified as cell-based medicinal products (CBMPs) or 
advanced therapeutic products (Giancola et al. 2012). The handling of these cells 
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has special requirements concerning equipment, safety standards, and training of 
personnel (Bosse et al. 1997). Appropriate handling conditions include the use of 
clean room facilities operated according to current good manufacturing practices 
(cGMP) and require a quality control system (Giancola et al. 2012). The production 
protocols and clinical use of the gene-modified cells serve as a basis for the prepara-
tion of a risk management plan and the production and distribution of CBMPs. 
These regulations depend on the relevant national authorities and legislations 
(Giancola et  al. 2012). A cGMP facility is specifically designed as a production 
facility for the manufacturing of pharmaceutical or cellular products which include 
the manufacturing space, the raw and finished product, warehouse storage, and sup-
port laboratory areas (Giancola et al. 2012). Furthermore, the vectors used (mostly 
viral vectors) require an accredited vector production platform that can provide 
high-titer vector samples free of pathogenic contamination and traces of replication- 
competent virus vectors (Bosse et al. 1997; Spencer et al. 2009). The costs involved 
in establishing these facilities, together with the maintenance and consumable costs, 
make gene therapy procedures very expensive and create a degree of uncertainty 
regarding the financial feasibility of this procedure (Mavilio 2012; Soares et  al. 
2005). From a cost-benefit perspective, the feasibility of such therapies is measured 
against the costs of current therapies (some of which are lifelong) and the life expec-
tancy of patients suffering from the disease to be treated (Jackson and Pepper 2013). 
Gene therapy can, for example, be potentially used to treat HIV as a once-off inter-
vention and thereby allow infected patients to reduce or discontinue highly active 
antiretroviral treatments (HAART). Although the once-off gene therapy treatment is 
expensive compared to lifelong HAART treatment, it may be more cost-effective 
(Bollinger and Stover 1999). The economic impact of HIV on countries with high 
infection rates could be positively impacted (Bollinger and Stover 1999; Jackson 
and Pepper 2013). The cost of these gene therapies is also anticipated to decrease as 
the technology develops (Soares et al. 2005; Tremblay et al. 2013).

The introduction of genetically modified stem cells into patients is associated 
with an element of risk. In cases where allogeneic stem cells are used, there is a the 
risk of GVHD, which is regarded as the most lethal complication of HSC transplan-
tation (Zaia and Forman 2013). Since bone marrow ablation is often required to free 
up a niche for transplanted HSCs, the additional risk of chemotherapy-related mor-
tality is present (Biffi et al. 2013; Kuramoto et al. 2004). The appropriate patient 
population should therefore be selected based on prognostic determinants, hence 
limiting the application of certain gene therapies to specific patient populations. 
Alternative techniques to total body irradiation are being investigated to provide 
safer procedures for creating space in the bone marrow. These techniques include 
the use of reduced intensity and combined chemotherapy regimens, anti-c-Kit anti-
bodies (Czechovicz et  al. 2008), and the use of G-CSF prior to transplantation 
(Ugarte and Forsberg 2013).

Close monitoring of patients receiving gene therapy is extremely important. The 
Committee for Medicinal Products for Human Use at the EMA has provided guidelines 
for follow-up of patients who have received gene therapy medicinal products (European 
Medicines Agency  2009). Delayed adverse reactions such as oncogenesis and  
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immunological reactions as well as vector reactivation should be considered. This is due 
to the long life-span or persistence of modified cells, the bio- distribution, and delayed 
effects associated with the integrated vector and product expression. Finally, the route of 
administration also influences bio-distribution and the potential for serious delayed reac-
tions. For example, a change in the route of administration could lead to an increase in 
the dose of cells that is distributed to tissues not represented in safety studies (European 
Medicines Agency 2009).

3.6  Way Forward

Significant progress has been made in the field of stem cell gene therapy with iso-
lated successful cases reported to date. Due to an increase in confidence in genetic 
manipulation techniques, a broader range of disease types are being investigated 
and included in clinical trials (Myers et al. 2011). Many research groups are able to 
produce proof-of-concept data on novel gene therapy techniques in cell and animal 
models but may lack the capability (expertise, facilities, and funding) to get to the 
clinic (Galis et al., 2015). Fragmented gene therapy research efforts are a significant 
hurdle to clinical translation, which supports the need for the establishment of an 
international gene therapy cooperative. Such a consortium would provide the plat-
form for smaller groups to benefit from broader expertise and infrastructure and 
hence enable more effective translation of gene therapies into the clinical trial stages 
of development. Following the example of other international consortia such as the 
Human Genome Project and the ENCODE project, large budgets could be secured 
from governments and industries to make more funding available for gene therapy 
research (Tremblay et al. 2013; U.S. Congress 1988). Smaller funded gene therapy 
consortia such as the Transatlantic Gene Therapy Consortium and the EU Seventh 
Framework program already exist (Tremblay et  al. 2013). These consortia have 
demonstrated the benefits of sharing of expertise, the increased cost-effectiveness, 
and the increased probability of therapeutic success (Tremblay et al. 2013).

3.7  Conclusion

Stem cell gene therapies are being investigated for the treatment of many diseases. 
However, as with any new form of therapy, only by thorough evaluation of these 
techniques both with regard to efficacy and safety, can success be ensured. Significant 
progress has been made since the first gene therapy clinical trial was initiated 26 years 
ago. Gene therapies are currently dominated by the use of HSCs to treat hematologi-
cal diseases; however, other cell types such as MSCs and epithelial stem cells are 
expected to be used more commonly in the future. The translation of a potential 
therapy from the proof-of-concept phase to the clinic is a long journey, and many 
factors need to be addressed. It is essential to be aware of each of these factors before 
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a subsequent phase of the process is initiated. The future of stem cell gene therapy 
lies in combining the experience obtained from clinical trials and the advances made 
in basic research to provide the safest and most efficacious product.
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Chapter 4
The Safety of Non-Expanded Multipotential 
Stromal Cell Therapies

Dimitrios Kouroupis, Xiao Nong Wang, Yasser El-Sherbiny, 
Dennis McGonagle, and Elena Jones

4.1  Introduction

Embryonic stem cells transiently exist in the embryo. Although greatly potent and 
able to generate many diverse tissues (Desai et  al. 2015), they require extensive 
culturing and pre-differentiation in order to ensure the correct lineage commitment 
and to prevent tumour development from residual undifferentiated cells. Their 
culture- induced analogue, so-called induced pluripotent stem cells, offers an oppor-
tunity for autologous transplantation without immune rejection but, being derived 
from patient’s own skin cells, similarly requires culturing and pre-differentiation 
(Takahashi et al. 2007). Adult stem cells, which exist in their native niches in many 
tissues in the adult body, may be seen as comparatively more restricted in tissues 
they can generate, but to their advantage, they don’t necessarily require culturing 
prior to transplantation. For example, HSC-based therapies are based on uncultured 
bone marrow (BM), harvested and processed with minimal manipulation, and bone 
marrow transplants have been successfully used for the treatment of blood cancers 
for many decades (Mohty et al. 2015).

Multipotential stromal cells (MSCs) are non-haematopoietic cells first described 
in the BM by Friedenstein et al. (1974). Since then, culture-expanded MSCs have 
been commonly generated from BM aspirates and other connective tissues and flu-
ids including subcutaneous adipose tissue (Zuk et al. 2002), synovial tissue (De Bari 
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et  al. 2001) and umbilical cord (UC) (Weiss and Troyer 2006; Karahuseyinoglu 
et al. 2007; Pasquinelli et al. 2007; Ishige et al. 2009) through plastic adherence and 
in vitro expansion for several passages to achieve stromal cell homogeneity and the 
removal of contamination of haematopoietic-lineage cells. In 1995 Lazarus et al. 
have reported the first clinical trial to determine the feasibility of collection, culture 
expansion and intravenous infusion of BM-derived MSCs (Lazarus et  al. 1995). 
Since then, more than 2000 patients have received autologous or allogeneic MSC- 
based therapy for the treatment of various musculoskeletal, cardiovascular, neuro-
logical, immunological and blood pathologies (Ikebe and Suzuki 2014).

The perceived advantage of cultured MSCs as cell therapy was initially associ-
ated with their ease of isolation, high expandability and differentiation capacity 
towards the bone (Jaiswal et al. 1997), cartilage (Sekiya et al. 2002) and muscle 
tissues (Westerweel and Verhaar 2008). Subsequently their mechanism of action in 
some indications was reported to be due to their immunoprivileged and immuno-
regulatory properties as well as paracrine production of growth factors and cyto-
kines involved in supporting angiogenesis and inhibiting cell apoptosis (Le Blanc 
and Ringden 2005; da Silva Meirelles et al. 2009; Salem and Thiemermann 2010; 
Nguyen et al. 2010; Rehman et al. 2004; Asanuma et al. 2010; Chen et al. 2008; 
Doorn et al. 2011). It has now become accepted that all these mechanisms may act 
synergistically resulting in beneficial therapeutic outcome. For example, clinical 
applications that aim at bone regeneration through direct MSC differentiation are 
likely to benefit from MSCs’ support to neovascularisation (Au et  al. 2008) and 
their immunoregulatory properties (Ringden et al. 2006; Ghannam et al. 2010) that 
would enhance vascular infiltration and reduce inflammation at the trauma site.

The clinical use of MSCs has been performed in autologous or allogeneic trans-
plant settings. The autologous transplantation of MSCs avoids tissue incompatibility 
between donor and recipient and thus avoids the risk of immune response-mediated 
rejections. However, the use of autologous MSCs has some inherent limitations. 
Firstly, their harvesting involves an additional surgical intervention in often highly 
compromised and elderly patients. Secondly, ageing is known to affect MSC function 
(D’Ippolito et al. 1999; Choudhery et al. 2014; Jones et al. 2010). Thirdly, MSCs’ 
reparative capacity may be affected by niche’s microenvironment, and MSCs extracted 
from human osteoarthritic patients may in fact be ‘diseased’ themselves (Harris et al. 
2013). Furthermore, the use of autologous MSCs lacks the potential to become a 
standardised ‘off the shelf’ routine treatment to benefit a large number of patients. 
Because of these limitations, allogeneic MSCs have been utilised in a large number of 
clinical trials (Syed and Evans 2013). In standard transplantation practice, most solid-
organ allogeneic transplantation requires lifelong use of antirejection drug therapy 
regardless of the fact that the donor and recipient are practically matched for HLA 
antigens (Malgieri et al. 2010). Remarkably, allogeneic BM MSCs have been used for 
certain therapeutic indications such as vascular, cardiac, orthopaedic and inflamma-
tory diseases without the use of antirejection drug therapy (Syed and Evans 2013). 
This is because MSCs possess immunoprivileged and immunosuppressive character-
istics (Ghannam et al. 2010; Le Blanc et al. 2003; Melief et al. 2013; Yagi et al. 2010; 
Wang et al. 2014a). In this chapter, the safety profiles of autologous and allogeneic 
MSC preparations for diverse clinical indications will be discussed separately.
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4.2  The Safety of Current Therapies Based on Culture- 
Expanded MSCs

4.2.1  Musculoskeletal Tissue Regeneration

The bone is a highly vascularised connective tissue that undergoes continuous 
remodelling throughout life. Bone regeneration is required primarily in cases of 
large-bone defects due to trauma, infection or tumour resection or when bone regen-
eration process is compromised due to underlying disease process. For example, in 
avascular necrosis (AVN) interruption of blood flow due to bone fracture or joint 
dislocation leads to cellular death of bone (Hernigou et al. 2009). In the first clinical 
trial aimed at repairing the bone, autologous BM MSCs were delivered to large 
long-bone defects using porous calcium phosphate scaffolds (Quarto et al. 2001). 
Within a few months of post-implantation, all three patients showed abundant callus 
formation, and no adverse effects were reported. A follow-up of the same three 
patients has reported good implant integration which was maintained for a mini-
mum of 6 years (Marcacci et al. 2007). Three patients with steroid-induced osteo-
necrosis of the femoral head were treated with cultured autologous MSCs combined 
with β-tricalcium phosphate scaffolds (Kawate et al. 2006). At 1 year follow-up, all 
patients were pain-free and have demonstrated revascularisation at the grafted sites 
(Kawate et al. 2006).

There is also some evidence that the use of cultured MSCs to treat skeletal dis-
eases such as osteogenesis imperfecta (OI)  is safe in the allogeneic settings (Horwitz 
et  al. 2002; Le Blanc et  al. 2005). In 2002 allogeneic cultured BM MSCs were 
infused systemically to treat six children with severe OI. Engrafted MSCs seemed 
to contribute to new bone formation, and at 18–36 months follow-up, all patients 
showed increased total body mineral content and accelerated linear growth (Horwitz 
et  al. 2002). In another study, allogeneic foetal liver MSCs were transplanted in 
utero at 32 weeks of gestation to treat a foetus with severe OI. Transplanted MSCs 
showed good engraftment and contributed in bone turnover without causing any 
graft-versus-host disease (GVHD) effect. Importantly, at 2 years follow-up psycho-
motor development and growth were normal (Le Blanc et al. 2005).

Injured cartilage shows limited regeneration capacity. In 2004 Wakitani et  al. 
evaluated the effectiveness and safety of autologous cultured BM MSCs combined 
with collagen I scaffold to repair full-thickness articular cartilage defects. Six 
months post-implantation, the clinical symptoms have significantly improved in 
both patients, an effect that remained for at least 4 years later (Wakitani et al. 2004). 
In another study, autologous cultured BM MSCs were combined with collagen I to 
repair full-thickness defects in the weight-bearing area of femoral condyle in one 
patient. This patient returned to normal life 12 months post-implantation (Kuroda 
et al. 2007). More recently, Kasemkijwattana et al. showed that autologous cultured 
BM MSCs implanted with collagen I scaffold into cartilage knee defects signifi-
cantly improved cartilage quality for a mean follow-up of 30 months and no adverse 
events were reported (Kasemkijwattana et al. 2011).
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4.2.2  Myocardial Regeneration

In MSC-based heart regeneration treatments, MSCs are transplanted or directly 
infused into infarcted myocardium. The observed myocardial regeneration by MSCs 
is believed to be mediated by their paracrine effects (trophic, immunomodulatory 
and anti-scarring) rather than through their direct differentiation to cardiomyocytes 
(da Silva Meirelles et al. 2009).

The first clinical trials utilised autologous or allogeneic cultured BM MSCs 
infused in patients up to 10 days postmyocardial infarction directly into the isch-
emic myocardium. One recent clinical trial didn’t show any improvement of car-
diac function after delivery of cultured BM MSCs (Hare et al. 2012). A meta-analysis 
of 33 randomised trials revealed heterogeneous results between trials; however, in 
all cases there were no signs of increased morbidity or mortality (Clifford et al. 
2012).

In a dose-escalation study using allogeneic BM MSCs, results showed no major 
adverse effects, increased left ventricular ejection fraction and remodelling 6 months 
follow-up (Hare et al. 2009). In a recently published study, allogeneic BM MSC 
administration also showed no adverse effects after 6 months follow-up (Chullikana 
et al. 2015).

4.2.3  Neuronal Tissue Regeneration

Similar to the cartilage, the nervous system has limited self-repair capacity upon 
injury. This happens due to limited ability of neural stem cells to generate functional 
neurons. In the latest clinical trials, MSC-based therapies have been used to treat 
neuronal system disorders such as multiple sclerosis (MS), amyotrophic lateral 
sclerosis (ALS), Parkinson’s disease, stroke and spinal cord injury. The leading 
view on the field is that after transplantation, MSCs exert their action through their 
paracrine effects by promoting endogenous neuronal growth and reducing apoptosis 
and inflammation (Joyce et al. 2010).

Two pioneering clinical trials performed in 2010 have demonstrated the safety 
and the initial immunomodulation effects of autologous BM MSCs transplanted 
intrathecally to MS (Yamout et al. 2010; Karussis et al. 2010) and ALS (Karussis 
et  al. 2010) patients. In another study, intravenously administered autologous 
cultured BM MSCs in ten MS patients resulted in vision improvement 10 months 
post- transplantation with no adverse effects documented (Connick et al. 2012). 
The reparative capacities of BM MSCs have been also evaluated in Parkinson’s 
disease, which is characterised by loss of dopaminergic cells. Both autologous 
(Venkataramana et al. 2010) and allogeneic (Venkataramana et al. 2012) MSCs 
improved Parkinson’s disease symptoms with a follow-up 10 to 36 months. 
Autologous BM MSCs have been also evaluated in clinical trials for stroke, 
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which is characterised by compromised blood flow leading to ischemia and even-
tually brain tissue damage. Intravenously administered MSCs showed no adverse 
effects in all five patients with cerebral infarct (Bang et  al. 2005). In another 
study, Honmou et  al. intravenously administered autologous BM MSCs in 12 
patients 36 to 133 days postischaemic stroke. All patients showed excellent 
recovery and no adverse effects of MSC treatment over a 12-month follow-up 
(Honmou et al. 2011).

Traumatic spinal cord injury (SCI)  results in necrosis and apoptosis of the neigh-
bouring site neurons to the injury site neurons (Vawda 2013). The safety of MSC 
therapy has been demonstrated in a clinical trial involving eight SCI patients treated 
intravenously with autologous cultured adipose-derived MSCs 12 months post- 
injury. None of the patients developed any adverse effects for a 3-month follow-up 
(Ra et al. 2011). In another clinical trial, Park et al. applied autologous BM MSCs 
to ten SCI patients; three out of ten patients showed decreased cavity size, improve-
ment in motor power and beneficial electrophysiological changes for a follow-up of 
30 months (Park et al. 2012). Although, allogeneic MSCs have not yet been applied 
in clinical trials for SCI, preclinical studies in animal models show beneficial out-
comes (Torres-Espin et al. 2015).

4.2.4  Prevention of Acute Graft-Versus-Host Disease (GVHD)

The most significant results exploiting immunosuppressive effects of MSCs have been 
seen in prevention of acute graft-versus-host disease (GVHD) . In 2007, Ball et al. 
(2007) co-transplanted allogeneic cultured BM MSCs in 14 children undergoing 
transplantation of HLA-disparate CD34+ HSCs from a relative. All patients trans-
planted with MSCs showed sustained haematopoietic engraftment without any adverse 
effects for a follow-up up to 28 months. In an open randomised clinical trial, 1 year 
later, allogeneic BM MSCs were co-transplanted with HLA-identical sibling-matched 
HSCs in haematological malignancy patients (Ning et  al. 2008). The incidence of 
grades II–IV acute GVHD in ten patients receiving MSCs was significantly lower than 
in 15 patients not receiving MSCs (Ning et al. 2008). Phase II clinical study showed 
that 30 out of 55 GVHD patients had complete response (loss of all symptoms of acute 
GVHD) to allogeneic MSC infusion therapy (Le Blanc et al. 2008).

To conclude, the longest reported follow-up exists for studies that have used 
autologous cultured MSCs to treat long-bone defects showing no adverse effects 
6–7 years post-implantation (Quarto et al. 2001; Marcacci et al. 2007). The longest 
monitored study with allogeneic BM MSCs (3 years) has been performed in haema-
tological malignancy patients, in which MSCs were co-transplanted with 
 HLA- identical sibling-matched HSCs (Ning et al. 2008). Although no direct com-
parison between autologous and allogeneic cultured MSCs have been performed in 
one single study, there is no evidence to suggest that allogeneic cultured MSCs are 
less safe than autologous MSCs following their implantation or infusion in vivo.
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4.2.5  Current Approaches to Ensure and Improve the Safety 
of Culture-Expanded MSCs

According to US FDA regulatory and guidance documentation, cultured MSCs are 
categorised as ‘human cells, tissues, or cellular and tissue-based products’ (The 
Code of Federal Regulation title 21 part 1271) and on a risk basis can be ‘minimally 
manipulated’ and ‘more-than-minimally manipulated’. Processes that alter the bio-
logical characteristics of the cells such as ex vivo culture expansion are considered 
more-than-minimally manipulations. Therefore cultured MSCs are not considered 
minimally manipulated products, and their in vivo application involves a very rigor-
ous control of any potential safety concerns associated with MSC manufacture.

4.2.5.1  Replacing Foetal Calf Serum (FCS)

The most pertinent safety issue with cultured MSCs is related to the use of animal 
products, mostly foetal calf serum (FCS)  in MSC expansion media, which gives rise 
to prion exposure risk, toxicological risk (due to persistence of toxic agents) and immu-
nological risk (due to contaminating proteins, peptides or other molecules of animal 
origin) (Herberts et al. 2011). Although all clinical studies reported in the previous 
section have utilised FCS-cultured MSCs with no adverse events reported, avoiding 
FCS in MSC manufacture would ensure their additional safety. Previous studies have 
used allogeneic human serum (Jung et al. 2008; Shafaei et al. 2011); however obtain-
ing large amounts of human serum to generate clinical relevant numbers of MSCs 
remains challenging (Shahdadfar et al. 2005; Tateishi et al. 2008). Alternatively, serum-
free, chemical-defined media can replace FCS and also provide an enhanced prolifera-
tive capacity to MSCs (Agata et al. 2009; Chase et al. 2012). Recent studies showed 
that serum-free cultured MSCs possess different biological characteristics but do not 
change their therapeutic potential (Wang et al. 2014b). However, until now there are no 
documented clinical trials involving serum- free cultured MSCs. Human platelet lysate 
(hPL)  contains a broad range of bioactive factors and is considered a promising 
replacement for FCS in MSC cultures (Bieback 2013). A pilot clinical study using 
MSCs expanded in hPL-containing medium has observed no severe adverse events 
during or after the MSC administration (von Bonin et al. 2009). Another study treating 
paediatric patients suffering from GVHD with MSCs expanded in hPL reported no 
acute or late side effects at a median follow-up of 8 months, including some patients 
receiving up to five MSC infusions (Lucchini et al. 2010).

4.2.5.2  Ensuring the Lack of Malignant Transformation

Another safety concern related to culture-expanded MSCs is that their extensive mul-
tiplication in vitro could result in acquisition of genomic abnormalities and chromo-
somal rearrangements that could theoretically lead to malignant transformation 
in  vivo (Herberts et  al. 2011). Some preclinical studies demonstrated MSCs’ 
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tumour-supporting capacity when administered via intravenous, intraarterial or peri-
tumoural routes in mouse animal models of glioma (Yang et al. 2009; Hong et al. 
2009; Nakamizo et al. 2005). However, up to date clinical evidence shows that trans-
plantation of cultured MSCs in humans is safe without any signs of malignant trans-
formation. Serial magnetic resonance imaging performed in 226 patients received 
hPL-expanded MSCs for various orthopaedic conditions showed no malignant trans-
formation for a mean follow-up of 11 months (Centeno et al. 2011). Similarly, Tarte 
et al. showed that although clinical-grade MSC production could result in some chro-
mosomal instability, this had no impact on their transformation potential, both in vitro 
and in vivo (Tarte et al. 2010). In fact, chromosomal abnormalities in cultured MSCs 
do not directly correlate with tumourigenesis but appear to be a result of cell senes-
cence process due to extensive passaging (Wang et al. 2013; Tarte et al. 2010). Because 
this issue is still under debate, a more refined genetic stability testing of the cellular 
product should include more sensitive evaluations such as fluorescent in situ hybridi-
sation to detect any potential abnormalities in cultured MSCs (Wang et al. 2014b).

4.2.5.3  Developing the Safest Route of Delivery

There are two potential routes to deliver cells in human body, systemic infusion or 
local infusion. Local infusion can be performed either via intraperitoneal, intramus-
cular, intracardiac injection or embedded into biomaterials. In the last 10–12 years, 
the commonest administration route of cultured MSCs has been through their sys-
temic infusion into peripheral blood. In the case of high-dose infusion of MSCs 
(more than 1–2 × 106 per kg body weight) (Schallmoser et  al. 2008; Ikebe and 
Suzuki 2014), potential adverse effects are considered to be allergic response to 
culturing compounds, prothrombotic effects and pulmonary or peripheral artery 
embolisation. In addition, the possibility of acute anti-donor antibody-mediated 
and/or T cell-mediated immune response post-allogeneic cultured MSC infusion is 
an additional concern (Griffin et al. 2013). In the first MSC clinical trial, allogeneic 
BM MSCs were intravenously infused in children with OI. Although, four out of 
five children had impressive functional improvements, only 1% of infused BM 
MSCs could be detected in the bone, skin and other tissues (Horwitz et al. 2002). 
Similar results were obtained in preclinical studies, indicating low levels of engraft-
ment in animal models of diseases including myocardial infarction, Parkinson’s dis-
ease, spinal cord injury and stroke (Baraniak and McDevitt 2010). Low homing of 
systemically infused MSCs can be attributed to their entrapment into capillaries of 
various tissues including lungs (Lee et al. 2009; Schrepfer et al. 2007).

4.2.5.4  Optimizing MSC Dose

As mentioned in the above sections, many patients have already received allogeneic 
cultured MSCs for a variety of clinical indications, with no documented adverse 
effects (Ankrum and Karp 2010). Specifically, phase I and II clinical studies of 
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autologous or allogeneic  cultured MSCs’ administration via infusion and other 
routes showed no acute complications for doses up to 5 × 106 cells per kg of body 
mass (Hare et al. 2009; Duijvestein et al. 2010; Hare et al. 2012; Vaes et al. 2012). 
In 2009 Hare et al. (2009) performed a dose-ranging (0.5, 1.6 and 5 × 106 cells per 
kg of body mass) safety clinical trial of intravenous administered allogeneic cul-
tured BM MSCs in 53 acute myocardial infarction patients. No adverse effects were 
observed in all different doses administered. In a recent high dose-ranging (10 and 
20 × 106 cells per kg of body mass) safety clinical trial, allogeneic cultured UC 
MSCs were intratracheally administered in nine preterm infants with bronchopul-
monary dysplasia (Chang et al. 2014). High-dose MSC administration didn’t show 
adverse effects different from placebo group. Therefore, present data show that even 
high doses of autologous or allogeneic MSCs do not trigger adverse effects in vivo, 
but it remains unknown whether such high doses are necessarily required to achieve 
the desired therapeutic effect.

4.3  The Safety of Current Therapies Based on Non- 
Expanded MSCs

4.3.1  The Use of Non-Expanded MSCs in Orthopaedics 
Applications

The early recognition that BM aspirates contain MSCs (bone progenitor cells) as well 
as HSCs has prompted initial pioneering studies for the use of BM aspirate concen-
trates (BMACs) in bone repair applications by Hernigou et al. BMAC preparations 
can be easily made in the operating theatre room environment by centrifugation and 
volume reduction, with first commercial devices appearing on the orthopaedic market 
in the early 2000s. Philippe Hernigou and his team were the first orthopaedic aca-
demics to use BMAC preparations for the treatment of AVN, fracture non-union 
(NU) and rotator cuff repair (Table 4.1). In these innovative studies, no local or sys-
temic complications were reported after an average follow-up of 7–10 years. 
Additionally, the positive treatment outcome was observed to correlate with the criti-
cal number of implanted MSCs (~50,000–60,000 CFU-Fs regardless the site of injec-
tion) (Hernigou et al. 2005; Hernigou et al. 2015; Hernigou et al. 2014). An up-to-date 
analysis of all treated patients by the same team (a total of 1873 patients), with an 
average follow-up of 12.5 years (range 5–22), has revealed no evidence of increased 
risks of cancers at both the injected site and systemically (Hernigou et al. 2013a).

Other surgical teams have reported the use of BMAC for the treatment of hip 
AVN (Kang et al. 2013; Mao et al. 2013; Sen et al. 2012; Gangji et al. 2011) and 
other orthopaedic conditions (Jäger et  al. 2011). With a combined follow-up of 
approx. 5 years, these reports also indicated no adverse effects following BMAC 
injection at the local site. In Mao et al. study, BMAC was injected systemically; 
again no complications were reported (Mao et al. 2013). In one clinical study aimed 
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Table 4.1 Clinical trials using uncultured autologous BMAC/BMMNC for the treatment of 
orthopaedic defects

Cell Delivery Patient
Average 
follow-up Safety outcome

Hernigou 
and 
Beaujean 
(2002)

BMAC Local 
injection

Hip 
osteonecrosis
N = 116  
(189 hips)

7 years 
(range 
5–11)

Not reported

Hernigou 
et al. 
(2005)

BMAC Local 
injection

Non-unions of 
tibia
N = 60

4 months No local or systemic 
complications

Hendrich 
et al. 
(2009)

BMAC
BMAC+ 
scaffold

Local 
injection;
Local 
implantation

AVN 69
Non-union 12
Other bone 
defects 20

14 months 
(range 
2–24)

No infections, no 
excessive new bone 
formation, no induction 
of tumour formation 
and no morbidity

Hernigou 
et al. 
(2009)

BMAC Local 
injection

Hip 
osteonecrosis
N = 342 (534 
hips)

13 years 
(rang 
8–18)

No complications were 
encountered

Jäger 
et al. 
(2011)

BMAC+ 
scaffold

Local 
implantation

Various bone 
deficiencies
N = 39

Minimal 6 
months
Maximal 
2.5 years

No report of 
complications. Reported 
as ‘application of 
BMAC is a safe 
procedure’

Gangji 
et al. 
(2011)

BMMNC Local 
injection

Hip 
osteonecrosis N 
= 19 (24 hips)

5 years Reported as ‘no serious 
adverse reactions, with 
minor side effects’

Sen et al. 
(2012)

BMMNC Local 
injection

Hip 
osteonecrosis
N = 40  
(51 hips)
CD + MBAC 
(n = 25)
CD alone  
(n = 26)

24 months Reported as ‘no 
infection or allergic 
reaction associated with 
BMNC instillation’ and 
‘the present study also 
supports the safety of 
auto BMNC infusion 
into the necrotic area’

Hernigou 
et al. 
(2012)

BMAC Local 
injection

Hip 
osteonecrosis
N = 62, 
bilateral, one 
hip CD + 
BMAC (n = 62) 
one hip CD 
alone (n = 62)

17 years 
(range 
15–20)

Not reported

Hernigou 
et al. 
(2013b)

BMAC Local 
injection

Osteonecrosis 
1089
Non-union 523
General 
orthopaedics 
261

12.5 years 
(range 
5–22)

No MRI evidence of 
tumorigenesis at the 
reimplant site. No 
increased risk of 
systemic cancer either

(continued)
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at repairing the cartilage (autologous BMAC loaded on collagen membrane), the 
procedure was reported as ‘safe’ with an average follow-up of 2.5 years (Table 4.1).

Regarding the use of allogeneic uncultured MSCs for orthopaedic applications, 
we are aware of at least one product, which is marketed as a viable allograft mate-
rial and consisting of allogeneic (cadaveric) bone devoid of donor immune cells 
but retaining donor MSCs (Neman et al. 2013). This non-immune cell preserva-
tion is achieved through proprietary washing procedures (Gonshor et al. 2011). In 
our recent study, we showed that the donor cellular component of such material is 
enriched for MSCs (>30% of all live cells), whereas donor lymphocytes represent 
less than 6% of total live cells (Baboolal et al. 2014). Remarkably, up to now this 
material has been implanted for over 10 years, and so far no immune reactions or 
other material-related complications have been reported (Kerr et  al. 2011; 
Hollawell 2012). It is likely that such a low-level frequency of donor lymphocytes 
in material’s matrix is not sufficient to initiate host immune response following 
the material’s implantation. Additionally, in our study we showed that MSCs pres-
ent in the material have a strong immunoregulatory capacity (Baboolal et  al. 
2014), which could further diminish any potential immune response at the implan-
tation site.

Table 4.1 (continued)

Cell Delivery Patient
Average 
follow-up Safety outcome

Mao 
et al. 
(2013)

BMMNC Intraarterial Hip 
osteonecrosis
N = 62 (78 
hips)

5 years Reported as: ‘no 
complications’

Kang 
et al. 
(2013)

BMMNC Local 
injection

Hip 
osteonecrosis
N = 52 (61 
hips)

68 months 
(range 
60–88)

Not reported

Hernigou 
et al. 
(2014)

BMAC Local 
injection

Rotator cuff 
repair N = 45
Matched ctrl N 
= 45

Minimum 
10 years

Not reported

Enea 
et al. 
(2015)

BMAC on 
collagen 
membrane

Local 
implantation

Knee cartilage 
repair
N = 9

29 months 
(range 
18–40)

Reported as safe

Hernigou 
et al. 
(2015)

BMAC Local 
injection

Ankle 
non-unions
BMMNC = 86
Standard bone 
grafting = 86

3–15 
years

Diabetes-related 
complications were 
lower in BMAC group 
compared to standard 
bone- grafting group

BMAC bone marrow aspirate concentrate, BMMNC bone marrow mononuclear cells, CD core 
decompression
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4.3.2  The Use of Non-Expanded MSCs in Vascular Disease 
Applications

Peripheral artery disease (PAD)  is noncoronary vascular disease affecting the 
peripheral arteries, most commonly the limb arteries. In about 1–2% of patients, the 
disease progresses to critical limb ischaemia (CLI); the terminal stage of PAD, 
which has a 1-year mortality of approximately 25%; and a limb amputation rate of 
30% (Norgren et  al. 2007). PAD is an increasing important public health issue 
because of persistent tobacco usage and an anticipated rise in diabetes prevalence. 
The common standard treatment for severe PAD and CLI includes traditional surgi-
cal bypass and contemporary revascularization procedures such as angioplasty 
(Fernandez et al. 2011). However up to 30% of patients are not candidate for such 
interventions due to widespread endothelium dysfunction, excessive operative risk 
or unfavourable vascular involvement (Bradbury et al. 2010). Moreover, the stan-
dard procedures rely primarily on anatomical correction rather than physiological 
modulation and often partially satisfactory clinical outcomes often achieved in only 
approximately 50% of the patients with CLI (Sultan and Hynes 2014).

The cell-based therapy is emerging as an alternative therapeutic approach for PAD 
especially for the patients who are ineligible to standard treatment. Based on currently 
available literature, the cell-based therapeutic product used in nearly all PAD clinical 
trials has been uncultured mononuclear cells (MNCs) derived from bone marrow aspi-
rate or peripheral blood, harvested with or without granulocyte colony-stimulating 
factor mobilization (Botti et al. 2012; Compagna et al. 2015). The main active cellular 
component for these applications is believed to be BM-derived circulating endothelial 
progenitors cells (EPCs), which directly contribute to angiogenesis in ischaemic tis-
sue. However BM MSCs could additionally contribute to vessel formation and matu-
ration by providing an essential perivascular support. MSCs may also contribute to 
vascular repair by producing angiogenesis- supporting growth factors (Koike et  al. 
2004; Au et al. 2008; Pedersen et al. 2014; Murphy et al. 2013). Numerous preclinical 
studies have initially explored the possibility of using BM mononuclear cells (MNCs) 
for the treatment of PAD which have rapidly progressed to clinical safety and efficacy 
testing following the first therapeutic angiogenesis for patients with limb ischaemia by 
local intramuscular injection of BMMNCs (Tateishi-Yuyama et al. 2002).

In pioneering studies by Tateishi-Yuyama et al. (2002), local injections of either 
BMMNCs or BMAC did not result in any ectopic bone formation or interstitial 
fibrosis (Table 4.2). The safety of intramuscular delivery of autologous BMAC was 
later confirmed by Bartsch et al. (2007) and Iafrati et al. (2011); however the follow-
 up period for patients participating in these studies remained fairly short (maximum 
15 months). In a multicentre, randomised placebo-controlled trial, the renal func-
tion of BMAC-treated patients was documented to be stable, and no inappropriate 
angiogenesis or osteogenesis was observed (Iafrati et al. 2011). As an alternative 
route of delivery, intraarterial injection of BMMNC or BMAC was attempted 
(Table 4.2). The aggregate data from these clinical studies suggested no adverse 
events with a maximum follow-up period of 57 months (Walter et al. 2011; Cobellis 
et al. 2008; Teraa et al. 2015; Klepanec et al. 2012; Ruiz-Salmeron et al. 2011).
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Table 4.2 Clinical trials using uncultured autologous BMAC/BMMNC for the treatment of 
peripheral artery disease

Cell and 
delivery

Patient and 
cells Control Follow-up Safety outcome

Tateishi- 
Yuyama 
et al. (2002)

IM
BMAC vs 
saline

Unilateral 
LI
N = 25

Same 
patients
N = 25

6 months Neither bone formation 
nor increased interstitial 
fibrosis was detected

Tateishi- 
Yuyama 
et al. (2002)

IM
BMAC

Bilateral LI
N = 20

Same 
patients
N = 20

6 months Neither bone formation 
nor increased interstitial 
fibrosis was detected

Huang et al. 
(2005)

IM
G-CSF 
mobilized 
PBMNC

CLI
N = 14

CLI
N = 14
Prostaglandin 
i.v.

3–14 
months

No adverse effects 
related to the BMMNC 
treatment was observed, 
monitored by ECG, 
ultrasound cardiogram, 
liver and kidney 
function

Bartsch 
et al. (2007)

IA + IM
Drug + 
BMMNC

Chronic 
PAD
N = 13

PAD
N = 12 drug 
therapy only

11–15 
months

No complications or 
side effects were 
observed

Cobellis 
et al. (2008)

IA
Whole BM

Advanced 
PAD
N = 10

Advanced 
PAD
N = 9 
Standard care

12 months No complications or 
side effects were 
observed

Prochazka 
et al. (2010)

IM
BMAC

CLI
N = 42

CLI
N = 54 
standard care

4 months Not reported

Burt et al. 
(2010)

IM 
CD133+ 
cells from 
G-CSF 
mobilized 
PBSC

CLI
N = 9

N/A 12 months No cardiovascular side 
effects from stem cell 
mobilization nor 
complications from 
leukapheresis or cell 
injection. No infections

Walter et al. 
(2011)

IA
BMMNC

CLI
N = 19

CLI
N = 21
Placebo

3, 6 and 
28 months

Concluded as ‘safe and 
feasible’ but ‘no 
benefit’ for more 
advanced patients 
(Rutherford 6)

Iafrati et al. 
(2011)

IM
BMAC

CLI
N = 34

CLI
N = 14 
Placebo

3 months No adverse events 
related to BMMNC 
injection. Renal 
function was not 
affected

Ruiz- 
Salmeron 
et al. (2011)

IA CLI
BMMNC 
N = 20

N/A 12 months No adverse events. 
BMMNC infusion did 
not cause any embolic 
events

Klepanec 
et al. (2012)

IM vs IA Advanced 
CLI
MBAC 
(IM) N = 
21

Advanced 
CLI
BMAC (IA) 
N = 20

6 months Not reported

(continued)
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4.3.3  Current Approaches to Ensure and Improve the Safety 
of Non-Expanded MSCs

Early-stage clinical studies utilising local or systemic injections of autologous 
BMMNCs or BMAC provided some pilot evidence of their safety; however any 
risks for long-term complications or emergence of cancers remain to be monitored. 
It is notable that current clinical evidence is primarily based on single-centre, case- 
control studies with small patient numbers and rather varied severity of underlying 
medical conditions. Large-scale, multicentre, randomised, double-blind trials would 
therefore be needed to fully establish the safety and efficacy of these procedures in 
a larger number of patients.

Furthermore, the available published information on the initial cell composition 
of BMMNC and BMAC products remain very limited. For example, the initial con-
centration of MSCs in BM aspirates critically depends on the surgical technique and 
the volume of aspirate collected (Hernigou et al. 2013b; Cuthbert et al. 2012). It is 
well recognised that large-volume collection of BM aspirate leads to its significant 
dilution with blood (Muschler et al. 1997). Therefore, if significantly diluted BM 
sample is processed for concentration, the concentration of MSCs in the final 
BMAC product would remain low. Based on the consideration, Hernigou et al. have 
recently proposed a standardised method of BMA collection based on small vol-
umes of marrow collected using small aspiration syringes (Hernigou et al. 2013b).

Table 4.2 (continued)

Cell and 
delivery

Patient and 
cells Control Follow-up Safety outcome

Losordo 
et al. (2012)

IM
CD34 
enriched 
BMMNC

CLI
N = 16

CLI
N = 12
Placebo

12 months Two possible treatment-
related serious adverse 
events: one moderate 
hypotension during 
mobilization and one 
severe worsening of 
CLI after injection. 
Both required 
prolonged 
hospitalisation

Teraa et al. 
(2015)

IA
BMMNC

No-option 
LI
N = 81

No-option LI
N = 79
Placebo

6 months All-cause mortality, 
occurrence of 
malignancy or 
hospitalisation due to 
infection was not 
significantly different 
between treatment and 
control groups

IM intramuscular, IA intraarterial, LI limb ischemia, PAD peripheral artery disease, CLI critical 
limb ischemia
BMAC bone marrow aspirate concentrate, BMMNC bone marrow mononuclear cells, PBMNC 
peripheral blood mononuclear cells
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Additionally, the delivered MSC dose is established only retrospectively because 
the CFU-F assay normally takes 10–14 days to perform. In our laboratory we have 
recently developed a rapid (<45 min) flow cytometry-based assay for MSC enumera-
tion in BM aspirates based on CD45−CD271+ MSC phenotype (Cuthbert et al. 2012). 
It remains to be established whether such an assay can be further automated and 
hence applicable to measuring MSCs in BMAC before it is delivered to a patient.

Furthermore, we recently showed that CD271-based strategy can be used not 
only for MSC enumeration but also for their positive selection (Cuthbert et  al. 
2015). One preclinical study has indicated that intravenous administration of 
CD271-selected MSCs resulted in their recruitment to the fracture site in mice 
(Dreger et al. 2014). Using first-generation clinical-grade selection instrumentation 
(CliniMACs), we achieved over 150-fold increases in MSC purities from BM aspi-
rates; however contaminating lymphocytes remained at an average frequency of 
~20% of total live cells. Additionally, our group suggested that uncultured UC 
MSCs could be selected based on the CD45−CD235α−CD31−CD146+ phenotype 
(Kouroupis et al. 2014). Further improvements in these, similar isolation technolo-
gies or developing other novel ways of MSC ‘capture’ (e.g. using biomimetic scaf-
folds) could make these MSC-enriched isolates potentially suitable for future 
allogeneic applications. Even in autologous applications, large numbers of contami-
nating immune cells can be detrimental; if activated, they can release MMPs that 
degrade matrix, as well as free oxygen radicals and other harmful compounds that 
may lead to MSC and other cell apoptosis at the injection site (Kaux et al. 2011).

Finally, and similar to interventions based on cultured MSCs, only limited data 
exist on the most effective route of non-expanded MSC delivery. Local delivery has 
the least potential for MSC loss; however percutaneous injections, even under X-ray 
guidance, would still not prevent MSC losses to the neighbouring tissues. For this 
reason, new approaches include the use of so-called barrier membranes that provide 
this essential barrier function and additionally prevent the invasion of neighbouring 
non-osteogenic tissues into the repair site (Dimitriou et al. 2012). Regarding the 
systemic route of delivery, it may seem more practical for some applications; how-
ever most researchers working in the field accept that the majority of infused MSCs 
may end up trapped in lungs (Schrepfer et al. 2007). However, it is now known that 
non-expanded MSCs have a different integrin profile compared to culture-expanded 
MSCs (Qian et al. 2012), and therefore the degree of this entrapment with the use of 
uncultured MSC products (BMAC and BMMNCs) may in fact be less significant.

4.3.4  Valuable Insights from Non-Expanded Haematopoietic 
Stem Cell Transplant (HSCT) Field

Haematopoietic stem cell transplant (HSCT)  is one of very few proven stem cell 
therapies. This therapy has experienced a constant development journey for over 
half a century (Appelbaum 2007). Cell therapies using expanded or non-expanded 
MSCs are still in their infancy with most clinical applications experimental and 
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investigational. The valuable experience from HSCT could shed light on the devel-
opment of novel therapies using other stem cell types including non-expanded 
MSCs. International cooperation has been a key factor for the development of 
HSCT, including the establishment of CIBMTR (Center for International Blood and 
Marrow Transplant Research), EBMT (European Group for Blood and Marrow 
Transplantation), NMDP (National Marrow Donor Program) and WMDA (World 
Marrow Donor Association). These international organizations have enabled analy-
sis of large cohort multicentre transplant outcomes and provided clear guidelines 
and standard protocols. Such organizations are currently lacking for the develop-
ment of non-expanded MSC therapies.

The success of HSC therapy is also a result of multidisciplinary team effort 
including clinical specialists, scientists and data managers. Encouraging close clini-
cal and scientific collaboration could therefore significantly facilitate the develop-
ment of non-expanded MSC therapy. One of the key achievements in HSC therapy 
is an ability to select and infuse desirable cell populations to suit the therapeutic 
purposes such as positive selection of CD34+ HSCs or depletion of alloreactive 
lymphocytes to avoid detrimental complications (Gaipa et  al. 2003; Henig and 
Zuckerman 2014). Such procedure has paved the way to advance the isolation of 
non-expanded MSCs for clinical use. Positive selection of MSCs via CD271 label-
ling and CliniMACS isolation has marked the first step towards the right direction 
(Cuthbert et al. 2015).

As mentioned at the beginning of this chapter, bone marrow transplantation 
(BMT) to treat patients with acute leukaemia has been successful for decades 
(Appelbaum 2007) and since the BMT procedure is indicated for a variety of neo-
plastic and non-neoplastic disorders. Like other cell therapies, there are two major 
types of HSC transplants, allogeneic and autologous.

For allogeneic approaches, the procedure was originally carried out using donor 
whole BM that was infused following irradiation of the recipient’s marrow in order 
to deplete cancer cells. Infused healthy HSCs are then able to reconstitute the whole 
haematopoietic system of the recipient. Nowadays a refinement that obviates the 
need for invasive donor BM procurement is widely used which relies on the periph-
eral blood (PB) mobilization of donor HSCs using chemotherapeutic agents and 
growth factors such as granulocyte-colony stimulating factor (G-CSF) or both. 
Umbilical cord blood-derived HSCs represent another source of allogeneic HSCs 
for BMT. The BMT procedure may also use blood from an HLA-identical sibling, 
a matched unrelated donor (MUD), a haploidentical family peripheral blood stem 
cell (PBSC), BM donor or an HLA-mismatched unrelated donor. The major advan-
tage of allogeneic BMT is that there is no risk of reinfusing cancerous cells with an 
enhanced therapeutic graft-versus-leukaemia effect.

Autologous HSC transplantation relies on high-dose chemotherapy or chemoradio-
therapy to first eliminate patient’s cancerous cells. When patient is in remission, the 
HSC source can then be either mobilized PB or BM. Autologous HSCT is commonly 
used for lymphomas and myeloma and less commonly for leukaemia. In patients with 
leukaemia and lymphoma, there are considerable concerns regarding the reintroduc-
tion of tumour cells alongside HSCs. Consequently, efforts to remove tumour cells 

4 The Safety of Non-Expanded Multipotential Stromal Cell Therapies



106

from HSC may be undertaken; however, it remains unclear whether such manipula-
tions improve patients’ outcomes such as relapse rates (Kreissman et al. 2013).

Safety concerns and treatment complications following HSCT mostly relate to 
the need of using irradiation and chemotherapy to destroy patients’ cancer pool, 
which also depletes their immune cells leading to vulnerability to infection. Also, 
HLA-disparity-mediated GVHD complications are another major safety concern 
that should be taken into account. HLA-identical sibling BM transplant remains the 
first choice, but the volume of collection must be controlled according to the donor 
and recipient weight (no more than 10–20 mL/kg donor body weight). PBSC  harvest 
is being increasingly used because it is an easy procedure (no need of anaesthesia or 
operating theatre); however it is practically not applied in children due to side 
effects of G-CSF or problems of venous approach. Plerixafor, an immunostimulant 
used to mobilize haematopoietic stem cells in cancer patients, has been recently 
used with and without G-CSF to improve mobilization process (Korbling and 
Freireich 2011). Regarding matched unrelated HSCT donors (MUD), the choice is 
based on high-resolution allelic typing for HLA-A, HLA-B, HLA-C, HLA-DRB1, 
HLA-DQB1 and HLA-DPB1. The choice between BM and PBSC depends on 
donor choice, centre preference and indication for HSCT. PBHSCT is associated 
with a greater propensity to GVHD reaction; however it is favourable in malignant 
disease indications to prevent relapse while in non-oncological indications, e.g. 
aplastic anaemia, it showed lower survival rates (Eapen et al. 2011). Cord blood, 
another HSC source, possesses no risk for mothers and donors besides the low pos-
sibility of transmitting infections and is available for instant use. In comparison to 
adult-unrelated donor transplants (who need 10/10 allele level matches with the 
patients), cord blood transplants have a reduced risk of severe GVHD and permit a 
mismatched transplantation at least in one HLA locus (Gluckman and Rocha 2009; 
Cutler and Ballen 2012).

Stem cell donor registries and cord blood banks provide HLA typing on their 
donors and cord units that are available to search for use in HSC transplantation. 
HLA-typing methods have developed considerably since the discovery of the first 
HLA antigens. Initially, serological and cellular techniques were used to determine 
HLA type. Since the application of DNA-based techniques, the refinement of the 
methods available for HLA typing has increased significantly, and this technology 
has lately taken the next step with the progress of next-generation sequencing. 
Choice of donor source is dependent on the indication for HSCT, its urgency, the age 
of the patient and the expertise and resources of the centre. Altogether, the multiple 
choices of HSC sources have increased the options of offering HSCT to almost every 
patient needing a transplant. The safety against GVHD is often achieved by selec-
tively depleting of immunogenic cellular subpopulations, such as alloreactive T 
cells, or modulating the balance of cells with immunosuppressive properties such as 
effector T cells and regulatory T cells (Perez et al. 2011). Still, keeping the balance 
between the levels of immunosuppression required to control a GVHD and retaining 
a degree of immunity against infectious organisms remain a major challenge.

A quick look at the state of the art in the field of non-expanded HSC therapies 
shows that the challenges facing the HSC field are different from those relating to 
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non-expanded MSCs. The use of allogeneic cultured MSCs does not require a similar 
level of control for histocompatibility, as it is for HSCs; however some believe that 
to ensure the best safety possible, the same rigorous level of HLA typing should be 
applied to non-expanded MSC products as it currently exists for HSCs. In an alterna-
tive opinion, rigorous HLA typing/matching is a unique feature of HSCT as HSCT is 
a transplant of a whole donor immune system into the recipient. This has a high risk 
for the engrafted donor immune system to lead to severe GVHD, a life- threatening 
complication after allogeneic HSCT. Strict HLA matching is not required for most 
allogeneic solid organ transplants, and it can significantly reduce the donor availabil-
ity and increase the overall cost. It remains unclear whether low immunogenicity and 
the lack of rejection reactions with the use of cultured MSCs are a result of their 
culturing, whereas non-expanded MSCs may still be mildly immunogenic.

The route of delivery for all HSC transplants remains to be intravenous and does 
not offer the same challenge as it exists for MSCs that are applied using a broader 
range of options. The dose of HSCs in HSC transplants is carefully controlled, 
which should be definitely adapted for MSCs, in which doses remain largely empir-
ical. Finally, for the development of non-expanded MSC therapies, the use of 
approaches to stimulate and mobilize HSCs into the PB, which is much easier to 
harvest, should be definitely considered and learnt from. Currently, very little is 
known about which biological stimuli are responsible for maintaining MSC prolif-
eration, mobilization and migration in vivo. Our recent work has shown that plate-
lets and growth factors released by platelets are likely to control BM MSC pool 
in vivo, but they remain insufficient to mobilize MSCs into the PB (Tan et al. 2015). 
A recent clinical trial has however shown that limited MSC mobilization is possible 
at the local level (Philippart et al. 2014). It can be envisaged that novel agents can 
be found in the future, allowing non-expanded MSC stimulation and PB mobiliza-
tion, permitting their easier harvesting for therapy.

Furthermore, over the last 20 years, exploitation of novel donor sources has sig-
nificantly extended the donor availability for HSCT from HLA-identical siblings to 
HLA-matched unrelated donors then further to umbilical cord blood and haploiden-
tical donors (Henig and Zuckerman 2014). Exploring and expanding novel sources 
of MSC are a key factor for the future development of cell therapy using MSCs. For 
example, previous studies have shown that long bones contain large numbers of 
MSCs, transcriptionally and functionally similar to BM MSCs (Churchman et al. 
2013; Cox et al. 2011; Porter et al. 2009). In addition, cord blood can now be col-
lected from more than one cord so pooling non-expanded MSC products from sev-
eral matched donors may also become a common practice in the future.

4.4  Conclusions and Future Directions

As seen from previous chapters, the current literature indicates that cellular prepara-
tions based on expanded as well as non-expanded MSCs are clinically safe; how-
ever longer-term follow-up and closer monitoring of clinical complications are 
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required to assess the risks of cancer or incidence of long-term complications or 
chronic conditions. Furthermore, much stricter guidelines, particularly more rigor-
ous HLA typing, would be needed when these therapies are used in allogeneic set-
ting. Although the assessment of the efficacy of these therapies is beyond the scope 
of this chapter, similar very strict guidelines should be also applied to their efficacy 
assessment, which in our opinion, would require the introduction of standard, uni-
versally accepted and highly quantitative outcome measures. Although these and 
many other challenges remain common for expanded and non-expanded MSCs, 
there are issues specific for these two groups (Table 4.3).

It should also be noted that a new wave of non-cell-based treatments is now 
emerging in the regenerative medicine arena. One class of such treatments is based 
on MSC-derived conditioned media or exosomes. Timmers et al. were the first to 
show that intravenous and intracoronary MSC-conditioned medium (MSC-CM) 
administration resulted in functional improvement in a porcine myocardial infarc-
tion model (Timmers et al. 2008). The cardioprotective effect was mediated by large 
complexes (>1000 kDa, 50–200 nm) consisting of plasma membrane proteins and 
phospholipids named as exosomes (Timmers et al. 2008; Lai et al. 2010). A very 
recent study has however failed to show that exosomes secreted from MSCs sup-
press lymphocyte proliferation (Gouveia de Andrade et al. 2015). This demonstrates 
that despite their advantages as a nonliving, ‘off-the-shelf’ therapeutic agent and 
associated lower risks of occlusion in microvasculature or uncontrolled cell growth 
(Yeo et al. 2013), more preclinical work is needed to establish whether exosome- 
based therapies have comparable therapeutic efficacy and are safer than cellular 
therapies based on MSCs.

Table 4.3 Future challenges facing new-generation cell therapies based on expanded and non- 
expanded MSCs

Future challenge
Expanded 
MSCs

Non-expanded 
MSCs

The safest route of delivery + +
Indication-specific MSC dose that is both efficacious and safe + +
Ensuring MSC retention/accumulation at the repair site + +
Gaining full understanding of the mechanisms of action 
underlying the beneficial effects

+ +

Indication-specific selection of MSC tissue source + +
Loss of function during passaging + −
An increasing proportion of MSCs becomes senescent during 
passaging

+ −

Increase in chromosomal abnormalities during passaging + −
Hazards linked to culture media ingredients + −
Control of MSC purity and contaminating cell types + +
MSC activation during positive selection − +
Very low numbers of MSCs present in some tissue sources 
requiring stricter control of purity

− +
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Another acellular approach for repairing damaged tissue is to induce endogenous 
MSC homing to the repair site using the controlled release of bioactive molecules, 
as pioneered by Lee et al. (2010) and elaborated in more detail in previously pub-
lished review articles (Jones and Sanjurjo-Rodriguez 2014; Eseonu and De Bari 
2015). To our best knowledge, these exciting developments have now been exten-
sively tested in a preclinical domain (Chen et al. 2015); however future clinical tri-
als would be needed to assess their safety and efficacy in humans.

In summary, culture-expanded MSCs have been used extensively as cell therapy 
for a number of traumatic, degenerative and immune-related diseases. Although the 
efficacy and cost-effectiveness of such interventions in comparison to current stan-
dard of care are yet to be determined for many of these diseases, it is now clear that 
such therapies are safe and non-tumorigenic, with long-term follow-up showing no 
incidence of serious adverse events. Still, therapies based on expanded MSCs 
remain expensive and require further improvements in culture media formulations, 
as well as better potency characterisation, in order to progress from clinical trials to 
broader clinical practice. Therapies based on mixed cell isolates enriched for non- 
expanded MSCs, such as BMAC, are comparatively newer technology, and up to 
date these cellular ‘biologics’ have been primarily used in orthopaedic and vascular 
surgery. In preclinical and clinical investigations, MSCs present in such isolates 
may not be the sole active ingredient, with EPCs and other lineage cells providing 
an additional benefit to graft survival and subsequent tissue regeneration. In this 
chapter we have outlined an up-to-date literature pertaining to current safety record 
of culture-expanded and non-expanded MSCs, highlighting the need to further 
improve their safety, for example, by optimal dosages and routes of administration. 
The advantages of non-expanded MSCs in autologous settings would include low 
cost, low regulatory burden and the need for only one surgery for both MSC har-
vesting and implantation (Fig. 4.1).

Although there remain many limitations for the use of non-expanded MSCs in 
the clinic, mostly related to the need for high MSC doses for some indications, low 
regulatory burden associated with these therapies and their significantly lower cost 
suggest that these therapies may become economically viable and available to much 
larger groups of patients compared to culture-expanded MSCs.

Fig. 4.1 Desired characteristics of cell therapies based on non-expanded MSCs
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Chapter 5
A Normative Case for the Patentability 
of Human Embryonic Stem Cell Technologies

Fikile M. Mnisi

5.1  Introduction

World Trade Organization (WTO) et al. (2013) document on ‘Promoting Access to 
Medical Technologies and Innovation’ reports that “the past decade has seen con-
siderable growth in the use of patents for medical technologies in terms of the vol-
ume of the patent filings, the geographical base of activity (with notable rise in 
patents from certain emerging economies) and the diversity of private and public 
entities seeking patents. This same period has also been marked by an intense debate 
on the role of patent system regarding innovation in and access to, medical prod-
ucts”, this further including research and scientific progress and growth. Patents 
have at the same time been criticised for its failure based on the same grounds and 
notions that the same system was meant for (with grounds such as occurrence of 
inventive genius independent of the promise reward of patent protection), blockage 
of rapid technological development in the future prospect, patent creation of monop-
olies which are anticompetitive and neglect of concerns of the developing world 
(Anand 2011).

In the light of this failure created by default through the patent system and in 
order to mitigate this negative effect thus, ‘promoting the development of new medi-
cine and impacting on prices was recognized in the Doha Declaration. In addition, 
there have been debates as to whether the patent system provides sufficient and 
appropriate incentive to ensure the development of new products in certain areas’ 
(WTO et al. 2013). Against this background, South Africa’s (SA) patent system is 
currently under review with a reformulated legal and policy framework included in 
the Government Gazette of 2013 (No. 36816), the draft National Intellectual 
Property Policy. This draft policy states that SA is currently granting weak patents 
as there is no patent examination system. On the other hand, this is detrimental to 
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the SA’s pro-public health objectives (article a (ii)). Due to this, SA is now working 
on incorporating the flexibilities mandated by the TRIPS Agreement (after the Doha 
Declaration). These flexibilities will allow for stronger patentability grounds in 
order to promote access to public health. Moreover, based on the TRIPS Agreement, 
the draft policy has numerous recommendations including: Commitment to the 
protection of data in terms of Article 39 of the TRIPS Agreement (1995), (Article a 
(vii)), Bolar provision before patent expiration (Article ii) and generic medicine and 
companies (Article iii).

In order to tackle, analyse and discuss the above-mentioned recommendations, I 
will discuss the SA patent system to analyse what is regarded as a patentable subject 
matter and what examination system is used to examine the patentability criteria 
(novelty, inventive step, industrial applicable and ordre public and morality) as well 
as compulsory licensing agreements. I will only analyse this system in terms of 
biotechnology inventions, by only focusing and using human embryonic stem cell 
(hESC) technology in order to invoke the need for ethical standard within the patent 
system which will maintain ethical responsibility in commercial exploitation of the 
patents, granting of patents that will not be contrary to public morality, that will not 
limit access to affordable stem cell healthcare and therapies and furthermore will be 
able to sustain research and scientific progress in this field of biotechnology. 
Therefore, for this normative analysis I will draw an ethical principle by Hans 
Jonas  based on his work concerning ‘new’ modern technology on ‘Ethics of 
Responsibility’ which may be applied and integrated within the South African 
Patent Act of 1978 (No. 58, amendment Act No. 58 of 2002). I am using the SA pat-
ent system for hESC patents in order to invoke and use as a tool to argue that hESC 
inventions should be patentable subject matters and that these patents should not be 
prohibited without ethically and morally justifiable reasons. Thus, the legal and 
regulatory framework needs to facilitate an environment for hESC patents that will 
ensure that any patents that are either granted or revoked are based on solid ethical 
justification and not on one’s desires or moral view of the human embryo itself as 
this may often lead to arbitrary and unjust decisions.

5.2  South African Patent System

Human embryonic stem cell technology inventions’ patent eligibility is determined 
by the SA Patent Act of 1978 (No. 58, amendment Act No. 58 of 2002) as with any 
other biotechnology inventions. Currently, in SA there has not been any stem cell 
technology (human stem cell) or invention that have been granted patents or any 
court cases thereof unlike in the USA and European Union (EU) countries. This 
could be due to this technology being at its early stage and thus there have not been 
many private and/or academic researchers who are working on this technology. 
Furthermore it may also be due to the legal framework of stem cell technologies 
more especially hESC in the country which seems to have lacunas that need to be 
addressed and resolved. However, progress within the legal framework is noticeable 
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(by this I mean the amendments made with the regulations which supplement the 
National Health Act of 2003 and this drafted National Intellectual Property Policy), 
without any only promising but showings some progress within the legal framework 
which will thereby bring growth and future developments within this field of bio-
technology. However, with that said there is still a need of clear and coherent poli-
cies in general within the SA legal regime of hESC and more so policies pertaining 
to stem cell technology and ethical guidelines for these patents. Lack of these public 
policies further hinders research progress and access to ‘possible’ stem cell thera-
pies. Furthermore, hESC patents have been opposed by some professional guide-
lines (General Ethical Guidelines for Biotechnology Research Guidelines: Health 
Professional Council of South Africa (HPCSA) and Guideline on Ethics for Medical 
Research: Reproductive Biology and Genetic Research (MRC Booklet 2)), and both 
guidelines suggest that hESC patents be prohibited; whether this opposition is based 
on the morality clause found in the Patent Act or on the moral status of the hESC or 
not is unclear, and hence this seemingly negative attitude towards hESC technology 
has by default slowed down or hampered hESC research progress and development 
of therapies in SA. Patents were generally created not only as an economic incentive 
for the patent holder(s) but as well as for scientific progress and growth. Therefore, 
for this to happen there is a need for certain issues to be addressed, dealt with as well 
as resolutions taken and implemented to the patent system in order to create an 
inducive environment for biotechnology patents as a whole.

SA allows for an exclusive right over an invention of 20 years for which during 
this period the patent holder has exclusive rights to exploit and/or work his/her pat-
ent. The same basic patent criteria that are found with other national and interna-
tional patent system are also found in SA, and these include novelty (‘new’), 
inventive step (non-obvious) and should be capable of being used or applied in a 
trade or industry or agriculture (useful) and morality clause (ordre public and moral-
ity—which is found in certain countries). Furthermore, the invention must also be 
sufficiently disclosed in order for that patent to be granted. For an invention to be 
eligible for patentability, thus it must pass all the patent criteria including that of 
patent disclosure. Thus, the current SA patent system is based on a depository reg-
istration system unlike with other countries where their patent system is based on an 
examination system. The depository system is when, ‘the Registrar “examines”, in 
the prescribed manner, every application for a patent and every complete specifica-
tion accompanying such application. If there is a compliance with the requirements 
of the Patent Act, the Registrar accepts the patent application for registration. 
Meaning that SA has no quality examiners within the South African Patent Office’ 
according to Wen and Matsaneng (2013). Therefore, the current registration system 
may become a hurdle for this country in identifying and granting strong and ethi-
cally acceptable patents especially those of biotechnology as many of these patents 
may have contentious issues. Therefore, an examination system may be an ideal 
system and needs to be implemented within patent system to solve problems of pos-
sibly granting 'weak' patents in the future.

According to WTO et al. (2013) within the examination system, thus, ‘the patent 
offices and courts interpret and apply national patentability requirements on a 

5 A Normative Case for the Patentability of Human Embryonic Stem Cell Technologies



124

 case- by- case bases within the applicable legal framework…with many patent officers 
providing the patent guidelines’. These examination guidelines will help to assess 
and test the patent criteria, and this will help grant ‘strong’ or ‘solid’ patents. This 
is a very crucial point for which SA can follow and integrate as part of the sys-
tem especially since SA is currently granting weak patent, and in order for SA to 
grant ‘solid’ patent, it is vital that they incorporate within the system an examination 
system instead of the registration system. It is also important when it comes to bio-
technology patents as these patents are complex and require a lot of analysis, assess-
ment and testing to prevent patent infringements, to limit and/or prevent patent 
litigations in the future as well as make certain that issues concern the morality 
clause is well addressed and dealt with before granting that particular patent. 
Therefore in order for this system to be integrated, thus, an examination board will 
have to be developed and this board must have a certain guideline to assess and test 
patents. Being able to assess and test novelty or an inventive step when it comes to 
biotechnology inventions such as hESC may be challenging, and whether a claimed 
invention is new or a discovery or human ingenuity, this requires those professionals 
who specialise in the subject matter and not only individuals who are trained and 
specialise in patent law. Therefore, an in-depth analysis of the patent application is 
needed before any patents may be granted and/or invoked for that matter. More so, 
with hESC patents, this technology has many contentious ethical issues which 
require proper examination to be able to either grant or revoke these patents.

South Africa may experience some problems if it has to rely on international 
policies with some points or guidance within these international policies not appli-
cable or may not work well within a South African context, taking into consider-
ation the cultural differences (even if minor). Thus, the Government Gazette (No. 
36816 of 2013) reports that, ‘S.A approaches to IP matters is fragmented and not 
informed by national policies’. Therefore, ‘this being a problem as international 
obligations attracted even if their cost of implementation outweigh the benefits’. 
This is a problem that SA has to address, come up with resolutions and implement 
IP policies that will be SA based and of course, whatever resolutions implemented 
within these policies should also not be outside the scope of international obliga-
tions—as with this drafted policy, albeit with some lacuna. We need to establish 
policies that will be both locally and internationally applicable for SA to have a 
strong patent system. However, these policies will ensure that there will be benefits 
for the country at large and does not place a strain into SA economy through obliga-
tions that may be costly. There is always a compromise that can be made through 
public policies that will accommodate SA’s current situation but not compromising 
international obligations and standard and in turn also ensuring ‘strong’ patents. 
These policies may also help when it comes to the patent examination system as 
well as other parts of the patent system that I will not be dealing with in this paper, 
which may be equally important. What needs to be kept in mind is that whatever it 
may be, the system must foster research and scientific progress and access to public 
health by establishing a process where patents do not affect or limit availability of 
healthcare in society.
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It is therefore clear that the SA patent system still has a vacuum and requires 
some work. This is going to be of great concern when hESC patents start to pick up 
in this country as these patents are already viewed as being against ordre public and 
morality, i.e. immoral and unethical by some other countries. Moreover, such pat-
ents may block or slow down research progress and technological (or innovation) 
advancement due to patent pools, infringements and ‘high’ licencing fees or royalty 
prices as we are seeing with the WARF patents amongst others. Therefore, IP poli-
cies and examination system that will address, assess and test for such patent is 
advisable and required especially with hESC patent which has many ethically con-
troversial issues to deal with, such as patenting of human life or human body and 
this being unethical and immoral.

5.3  Patentable Subject Matter

‘Patents are only available for patentability subject matter, generally defined as 
“invention” in patent law. In absence of an internationally agreed definition of 
patentable subject matter, national law define the requirement either positively or 
through a negative list of excluded subject matter’—or both (WTO et  al. 2013). 
TRIPS Agreement defines requirement for patent eligibility based on a list of cer-
tain criteria and the list includes (Anand 2011) novel (new), inventive step (non- 
obvious) and industrial applicable, (Aymé et al. 2008) excluded from patentability 
are inventions for which commercial exploitation of patents is contrary to ordre 
public and morality (i.e. morality clause) and (Correa 2005) (a) diagnostic, thera-
peutic and surgical methods for the treatment of human or animals, (b) plants and 
animals other than micro-organism and essential biological process for the produc-
tion of plants or animals other than non-biological and microbiological process. 
However, members shall provide for the protection of plant varieties either by patent 
or by an effective sui generis system or by any combination thereof. The provision 
of this paragraph shall be reviewed 4 years after the date of entry into force of the 
WTO Agreement.

Based on the SA Patent Act of 1978 (No. 58, amendment Act No. 58 of 2002) 
apart from TRIPS Agreement list also include within the Act are listed in Section 25 
(2) title ‘Anything which consist of’—discovery; scientific theory; mathematical 
method; a literacy, dramatic, musical or artistic work or any other aesthetic creation; 
a scheme, rule or method for performing a mental act, playing a game or doing busi-
ness; and or a program for a computer—these shall not be regarded as patentable 
subject matter according to the Act. Therefore, according to the above list the Act 
does not have a specific exclusion to hESC inventions as being unpatentable subject 
matter. Therefore, hESC inventions will have to go through the same patents criteria 
as with any other patents. It is not clear at this stage whether patentability of stem 
cells will be influenced by the Professional Guidelines or by EU decision or not or 
SA patent system will decide on including hESC inventions as patentable subject 
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matter as long as they meet all the patent criteria. One of the criteria for patent 
exclusion, i.e. ordre public and morality, is seen to be applied in order to exclude 
hESC from being patent eligible. This exclusion has been related to ethical concern 
of the invention or rather the entity than it is with the other criteria, albeit these other 
criteria may have an influence that may lead to being offensive to public’s morality. 
However, even if this morality clause gets applied there is no clear indication of 
what normative principle(s) will be applied to determine these morality grounds that 
may be used to prohibit hESC patents or patentability of their subject matters. In EU 
hESC is unpatentable subject matter based on the ordre public and morality clause 
and within the interpretation of ordre public and morality thus Art. 6 (2) of the 
Biopatent Directive has a list of what is unpatentable based on this morality clause 
and to guide patent officers and courts (Zachariades 2013). Amongst the list was the 
exclusion of hESC patent—by excluding the ‘use of human embryo for industrial 
and commercial purposes’—based on the morality clause. This clause was later 
used in Brüstle v. Greenpeace case, where the German Federal Supreme Court 
declined the patent application based on the morality clause.

On the contrary, unlike with the EU’s and SA’s patent system, the US patent law 
does not include ordre public and morality clause as a criterion of excluding an 
invention from patentability. ‘In the U.S., laws of nature, natural phenomena and 
abstract ideas are not patent- eligible subject matter’ (Zacheriades 2013). However, 
cases such as those of Diamond v. Chakrabay; Association for Molecular Pathology 
et al. Pettioners v. Myriad Genetic, Inc., et al.; and Mayo Collaborative Services v. 
Prometheus Laboratories Inc., have prompt the court’s decisions and made the 
court to realise that ‘rules against patents on naturally occurring things has limits’ 
and, clearly  there is a need to make certain distinction (especially with naturally 
occurring matters and/or ‘human body’ or cells) on what may be patentable under 
these status and under what circumstances. In addition, US patent law does ‘recog-
nise inventions involving hESC as patent—eligible subject matter’ (Zachariades 
2013). Of course, the first hESC patent was held by a US company named Wisconsin 
Alumni Research Foundation (WARF). Thus, the US law has come a long way in 
distinguishing what is patent eligible based on naturally occurring matter (with 
inclusion to ‘human body’ and/or cells) or not by distinguishing what is a mere 
discovery and what is a human ingenuity (for which patent eligibility will be granted 
upon).

SA on the one hand has not yet dealt with such cases and matters as with inter-
national laws relating to biotechnology patents (hESC) where Section 25 is used as 
a determining criterion for what may be regarded as a patentable subject matter as 
well as on the morality clause. It is not yet known if SA patent, legal and regulatory 
system will follow either the EU’s direction or USA’s concerning hESC inventions 
or not or will it make its own decision regarding this matter as to whether hESC 
inventions are patent eligible or not based on the country’s cultural point of view 
concerning the moral stand of the human embryo. However, because the law does 
include within its law the exclusion of patentability on the ground based on the 
morality clause, thus there is a need for some ethical guidelines and rules as to what 
this clause will be based upon and to help patent examiner or officer or courts to be 
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able to assess and test this criterion in addition to court cases—or decision of the 
Court case law— (nationally and/or internationally) and/or following international 
laws and policies. However, SA needs to make its own decision regarding the 
grounds or guidelines for determining grounds for the morality clause which will be 
based on SA sociocultural views. Morality is subjective from nation to nation even 
though there may be similarities; however, every nation has some notable differ-
ences in what they consider to be morally and ethically acceptable based on its 
society’s cultural differences. Therefore, exclusion of inventions based on the 
morality clause is vital for granting of ethically acceptable strong patents which will 
not be contrary to ordre public and morality and moreover that will not limit access 
to available therapies at affordable prices. This will also not hinder research prog-
ress, development of viable therapies and facilitating an environment for economic 
growth as well through this technology. Ethical decisions need to be made which 
will not be arbitrary and/or prohibit certain technologies or research or inventions 
from patentability based on ‘by popular demand’, but these decisions will be based 
on sound ethical and justifiable reasons, for which the morality clause will be based 
upon. However, even if an invention is found to be patent eligible based on this 
criterion, it must still be tested and assessed for the other patent criteria before a 
patent can be granted for that invention; these other standard patent criteria are cru-
cial in determining patentability of a subject matter, and they may further influence 
and affect the morality clause. Therefore, examination of these criteria is of vital 
importance and required to be implemented within the patent system in order to 
determine which subject matter is patent eligible or not. This will further indicate 
how that patent may or may not be offensive to public morality in the future once 
the patent is exploited commercially.

5.3.1  Novelty (‘New Invention’)

For an invention to be identified as being novel according to the patent law—what 
does that mean? As stipulated in the Act, Section 25 (5): ‘an invention is deemed to 
be new if it does not form part of the state of the art immediately before the prior 
date of that invention. This is an invention whose application has not previously 
been disclosed before or prior to application’. Therefore, this criterion is very strict 
and may be jeopardised by any disclosure or leakage of knowledge to the applica-
tion (Soini et al. 2008). It is important that prior to applying for a patent relating to 
any research invention being patented, thus there are no disclosure of the invention 
made publicly, only after or through patent application and filing is the information 
concerning the invention disclosed to the public. Whether this includes disclosure 
through publication or oral presentation or not before patent application is then 
determined by the national law—the national law will have to determine what con-
stitutes as public disclosure before granting a patent when assessing novelty of the 
document (WTO et al. 2013).
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5.3.2  Inventive Step (‘Non-Obviousness’)

WTO et al. (2013) reports that ‘patent law, in general, defines only the basic concept 
of what constitute an inventive step and leaves interpretation to patent offices and 
supervisory courts’…These criteria is understood and stipulated to mean that… ‘an 
inventive step is not obvious to a person skilled in the art, having regard to any mat-
ter which forms, immediately before the priority date of the invention…’ according 
to Section 25 (10). Therefore, the person skilled in that art (meaning a person who 
is working in that technical area related to the field) must not find that invented step 
to be obvious prior to the patent application, once disclosed to the public. Thus, the 
invention or invented step must not be obvious to an average person who is working 
in that field before the time of invention. Being able to test for ‘non-obviousness’ is 
imperative as it has been noted that patents of DNA (deoxyribonucleic acid) 
sequences or of genetics and as well as those of hESC.

Not being able to examine and notice obviousness by the patent officer and 
courts may lead to granting of the patents that may lead to patents or ‘working’ of 
these patents which may be offensive to public’s morality in the future or may slow 
down or halt scientific progress. Soini et  al. (2008) state that ‘HUGO (human 
genome organisation) has expressed a concern that, the patenting of partial and 
uncharacterised cDNA (complimentary DNA) will reward those who make routine 
discoveries but paralyse those who determine biological function or application. 
Such an outcome would impede the development of diagnostic and therapeutic’. 
The same concern has been noticed with the three WARF hESC patents where it 
was later found that these patents within the scope of their patent application 
included what is regarded as ‘routine’ or an obvious step to an individual who is 
trained and skilled as a cell biologist. Being able to test and examine this criterion 
is of paramount importance for the development of therapies, progress of research 
and economic growth. This is a good reasons for SA patent system to implement an 
examination system and an examination guideline, to help guide patent officers on 
how to assess and test this criterion since this may not only require legally trained 
individual but may also requires a technically trained individual who is qualified in 
this particular field of work.

5.3.3  Industrial Applicability or Utility

Industrial applicability (or utility) means that the invention can be made or used in 
any industry, including agricultural, or that it has a specific credible and substantial 
utility (WTO et al. 2013). For an invention to be regarded as patent eligible, thus it 
must fulfil not only the above-mentioned criteria but must be eligible for commer-
cial exploitation. Industrial applicability or utility is a vital criterion especially when 
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it comes to the field such as biotechnology. Thus, even though a patent is used as 
incentive if utility is not defined and fulfilled thus it will be difficult to understand 
when assessing the patent application as to how the patent can be used, or worked 
or exploited commercially. Moreover, this criterion is important in determining 
whether or not exploitation of the patent may lead offenses that may be contrary to 
ordre public and morality or not. The Brüstle patent was declined based on hESC 
commercial and industrial application which is regarded as being offensive to ordre 
public and morality and hence falling under the unpatentable subject matter. 
Therefore, one can see how important this criterion is because some inventions may 
be deemed as unpatentable subject matter based on this. Albeit, I don’t agree with 
the decision regarding the Brüstle case taken by the European Court of Justice as I 
do not see (a moral justifiable reason) as to how exploitation of hESC patent com-
mercially is immoral or unethical. However, this is an example of how utility as a 
criterion may cause ordre public and morality or a biological entity be considered to 
be morally offensive.

Moreover, in the field of biotechnology, thus utility is important since patents are 
also commercial incentives for companies who invest in these research projects. 
Industrial applicability examination will further assist in not granting patents with 
inventions that may not benefit society (health benefit that may stem from hESC 
technology) or scientific benefits or may be deemed to be ‘obvious’ to a person 
skilled in that state of art (such as the WARF patents or so it is claimed and con-
tested) but patents that will be able to benefit society at large. However, some of 
these patents may not show utility or how they may be commercially exploited in 
the future to benefit and that is why being able to examine this particular criterion is 
important. As already mentioned, patenting of hESC is regarded as being immoral 
and unethical by some as with any other patents on the ‘human body’; therefore in 
order to mitigate the issues brought by these patents thus unless otherwise for other 
special reason, hESC patent should be granted if and when they show industrial 
applicability (they are not just an invention but an innovation) amongst other patent 
criteria. This will help to benefit the public health and society and also further 
research and development progress in this field. In other words, hESC inventions 
should not only prove to be inventions but should extend to innovations (that is, they 
must show to be marketable) therefore industrial applicability and how they can be 
utilised commercially. Innovations are the ones that will benefit public healthcare at 
large as well as the country. Therefore, examination or assessing or testing of these 
criteria is just as crucial as the above and thus the examination board must be able 
to recognise patentable inventions that have an innovation potential and healthcare 
benefits. I submit that this will not only strengthen the patent system but science and 
technology as well as the economy. This is particularly important when it comes to 
biotechnology patent (i.e. hESC) as they already are regarded by some as being 
ethically controversial and immoral so having an examination board may mitigate 
some of these ethical issues attitudes towards these patents.
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5.3.4  Disclosure

‘Sufficient disclosure of an invention is required in order to grant a patent’ (WTO 
et al. 2013). In addition, TRIPS Agreement also state that the applicant shall disclose 
the invention in a manner that is clear and complete in order to be carried out by a 
person skilled in that state of the art and indicate how the invention is to be carried. 
Furthermore, information regarding foreign applications and grants must be pro-
vided as well. SA Patent Act of 1978 (No. 58, Amendment no. 58 of 2002) Section 
32 describes the manner in which an applicant shall disclose a patent. Depending on 
what type of specification the patent application falls under, i.e. provisional or 
complete. Where a provisional specification of the application shall fairly describe 
the invention, whereas, a complete specification of the application shall have certain 
particular requirements which are also found within (Article 29) of the TRIPS 
Agreement (1995). However, SA Patent Act of 1978 also requires description of an 
abstract, drawing and illustration and a complete specification claims.

‘One of the fundamental questions raised with respect to “disclosure” of the 
patent is the extent a patentee need to disclose his/her invention in order to contribute 
to the promotion of innovation and to the transfer and dissemination of the technol-
ogy to a mutual advantage of producers and users of technological knowledge’ 
(WTO et al. 2013). To answer this question, thus patent disclosure has to be suffi-
cient enough in order to ‘work’ the patent and the technical information disclosed 
should provide examiners with enough information for them to be able to assess and 
examine the patent without any confusion or missing information before revoking or 
granting a patent or even qualifying their invention as either patentable subject mat-
ter or not. This is very important, as it will help assess and test the other patent crite-
ria that will in turn allow patent office and courts to grant stronger patents. More so, 
hESC inventions, which will require clear and sufficient information regarding the 
invention, especially if issues of ordre public and morality and whether the claimed 
invention or process is regarded as patentable subject matter or not; are to be exam-
ined, analysed and from which decisions of granting a patent are based upon. It will 
further make it easier for the patent examiners to test the other patent criteria and 
make a better decision concerning granting or revoking of patents. What and how 
information is disclosed is very crucial. Moreover, what may be important is how 
these criteria are tested and what tests are applied in examining patent eligibility.

5.4  Examination of Patentable Subject Matter or Patent 
Criteria

Being able to define and test for a patentable subject matter, especially those that are 
defined in patent law as being non-patentable subject matter such as abstract ideas, 
scientific theories and/or natural occurring phenomena, amongst others, is important. 
Therefore, patent law will have to avoid overprotection to accomodate felxibility in 
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cases of ‘non-patentable subject matters’ by seeting out rules that will bring unortho-
dox inventions and discoveries within the scope of patentability, rules such as those 
noted within Section 25 (2) and 25 (2) (4) of the SA Patent Act of 1978 (No. 58, 
amendment no. 58 of 2002). However, there are no set-up guidelines on how to 
actually test for a subject matter, which are non-patentable inventions even though 
section 34 of the Patents Act provides for this. The line for what may be patentable 
and unpatentable may be blurred at times especially when it comes to the field of 
biotechnology. Some of the patented inventions are claimed to be immoral or ‘obvi-
ous’ to a person skilled in that state of the art, or inventions are non-novel but mere 
discoveries and therefore should be considered as unpatentable subject matters. 
This has been mostly seen within the gene sequences field as well as in the field of 
hESC amongst others. Where claims are made that these biological entities occur in 
nature and therefore are unpatentable subject matters but mere discoveries or form 
part of scientific theories and/or methods. It must be pointed out that, patents which 
are granted on subject matters that have not been subjected to strict examination 
could easily be challenged on the grounds of invalidity and this is what SA may 
have to face in the future.

The question is how do patent officers and courts determine or assess or test 
patent eligibility of an invention when it comes to biotechnological or biological 
inventions; those that may occur naturally or through natural phenomena and/or 
found in the human body, and/or their process may or may not involve methods that 
may be considered to be ‘obvious’. How do the patent officers and courts determine 
and test all this? It has been found that courts do rule a patent valid which may be 
considered as unpatentable subject matter by some or regarded as scientific discov-
eries and not novel invention, such as the Laboratory Corporation of American 
Holding, DBA LAB CORP, Petitioner v. Metabolite Laboratories, Inc., et al. and the 
Bilski v. Kappos cases, which have been amongst the few court cases that patents 
were considered to be granted unfairly. The Bilski v. Kappos case was based on a 
claimed invention which was designed for the business world and whether this 
claimed invention was patent eligible or not. The patent was claimed for a procedure 
to be used to instruct buyers and sellers on how to protect themselves against the 
risk of price fluctuations in a discrete section of the economy. Thus, three arguments 
are advanced for the proposition that the claimed invention is outside the scope of 
the patent law as, firstly, it is not tied to a machine and does not transform an article; 
secondly, it involves a method of conducting business; and, thirdly, it is merely an 
abstract idea, as the Supreme Court of the United State (2010) reports. Thus, the 
so-called machine-or-transformation test was applied in determining the  patentability 
of the invented claim by the court, with this test being considered to be the sole test 
for testing patent eligibility of claimed invention and process under the US patent 
law. However, Tysver (2013) reports that ‘this machine—or- transformation test 
may be used to determine patent eligibility of an invention, however the Supreme 
Court has also recognised that this test is not the sole test that can or should be used 
to determine a patentable subject matter’, albeit this may have been the case with 
regard to the Bilski v. Kappos case. He further states that ‘the majority portion of 
this opinion indicates clearly that the machine – or- transformation test is not the 
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sole test for determining patent eligibility for process, but instead “a useful and 
important clue, an investigative tool for determining whether some claims invention 
are process under Section 101”’. Even though this test may be important and eligible 
in order to determine the patentability of some invention and/or process, however, 
this may not always work and be challenging when it comes to other fields such as 
business methods (as seen with the Bilski v. Kappos) as well as in biotechnology 
inventions (i.e. hESC).

This machine-or-transformation test is important in determining which inven-
tion is eligible as a patentable subject matter. Because most patent laws find 
abstract ideas, discoveries, scientific theories, business methods, naturally occur-
ring phenomena, mathematical methods, etc. to be unpatentable subject matters, 
this test may help determine and test ‘process’ that may be patent eligible, i.e. a 
‘process’ that is new, useful or non-obvious and industrially applicable. Although 
this test may help determine these patentable ‘process’ or inventions, thus, special 
attention may need to be considered when it comes to other fields such as hESC for 
which their claimed inventions and process may raise special issues that need more 
scrutiny and may not be as straightforward or obvious as with other fields. For 
instance, concerning the field of biotechnology claimed inventions of seemingly 
naturally occurring phenomena may be applied for and, for which the machine-or- 
transformation test may not be applicable as such. An example to illustrate the 
above point is the Diamond v. Chakrabarty case, where the claimed invention was 
a naturally occurring phenomena with the patent being granted based on human 
‘ingenuity’ by the court. The court decision in this case opened doors for patents to 
be granted based on human ingenuity in cases where the claimed invention is not a 
mere ‘discovery’ and where the machine-or-transformation test is inapplicable. 
Granting of patents based on human ingenuity is important when it comes to bio-
technology inventions, which are usually based on naturally occurring phenomena 
or scientific theories or discoveries. As a result of the machine-or-transformation 
test that only tests if a claimed process or invention is patent eligible and based on; 
‘(Anand 2011) the invention being tied to a particular machine or apparatus-(this 
may not always be the case with biological invention such as those of stem cell) or 
(Aymé et al. 2008) if it transforms a particular article into a different state or thing- 
that is, it causes charge or the “process” must bring change somehow into a thing 
for which this too may be challenging to determine with some biological process 
or inventions prima facia’, (Supreme Court of the United State 2010). Therefore 
more of a reason why the machine-or-transformation test is not regarded as the sole 
test for determining patent eligibility and other reasons or factors (such as human 
 ingenuity) are taken into consideration in ‘special’ cases such as biotechnology 
inventions and/or ‘process’, which may be incorporated within the patent system. 
Since, ‘human ingenuity and creativity are acknowledged and rewarded’ as stipu-
lated by Section 2(2)(d) of the Intellectual Property Rights from Publicly Financed 
Research and Development Act (No. 51 of 2008). However, even if an invention or 
‘process’ is claimed to be patent eligible in terms of human ingenuity, thus it must 
still be prone to qualify under the other patent criteria as well, such as novelty. 
Moreover, it must further prove to indicate that the claimed invention and/or process 
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are novel through documentation and illustration and by providing sufficient 
information concerning that particular invention and/or process. All this will help 
examine if the technical part of the ‘process’ is indeed an inventive step. And it 
does have trade or industrial or agricultural application or usefulness as well, 
amongst being not against or contrary to ordre public and morality.

In addition, Correa (2007) published a paper on ‘Guidelines for the examination 
of pharmaceutical patents: developing a public health perspective’, and makes some 
particular recommendations regarding patents in this field. Some of these recom-
mendations may also be applied to patents of hESC research and therapies seeing 
that both fields are closely related and may use similar starting materials and proce-
dures and so forth. I will only mention some of these recommendation that may be 
specifically applicable for hESC technologies. In one of his recommendations 
regarding formulations and composition (stem cell lines or products from stem cell 
may be used in creation of formulations or in composition for new therapies or 
medicines), these should not be deemed as patentable subject matter because noth-
ing new would be invented. I do agree with the author, as with many formulations 
and compositions there is usually nothing new that is invented but simple additions 
or replacement or admixture of active ingredients or just working on different dos-
age of the ingredients in the formula. Moreover, the synergistic effect that may also 
be caused by the combination ‘may be deemed as discoveries and not “inventions”, 
since the synergy may take place in the body and found through clinical trials’ 
(Correa 2007). I agree with the author (Correa 2007) when he says that these may 
be cases for which patentability can be granted in special cases based on human 
ingenuity and if the claimed invention or formulation or composition shows to be 
novel, non-obvious and useful and/or solve an important problem that may lead to 
be advantageous to public healthcare or science.

Regarding the analogy process, where the starting material or end result may be 
novel, thus this process may be deemed as ‘non-novel or obvious process’ regard-
less of whether the starting material, intermediaries and/or end product is novel or 
inventive; these should be considered as unpatentable subject matters (Correa 2007). 
Additionally, this process may only be deemed patent eligible if it indicates to be 
novel and the process is an inventive step and/or has a new and non-obvious end 
result. This may also be so when it comes to hESC analogy process, in which either 
the process itself or end result is shown through the patent application as being new 
and non-obvious, apart from the other criteria. Lastly, in cases of patents that include 
methods of treatments; these patents include claims of cure, relief of pain, surgical 
methods, prophylaxis and diagnosis. Correa (2007) states that ‘these claims do not 
cover the product per se, but the way in which it is used in order to obtain certain 
effect. Thus, Article 27.2 of the TRIP Agreement (1995) explicitly allows members 
to exclude therapeutic, diagnostic and surgical methods from patent protection and 
many countries do follow this approach’. Including SA as Section 25 (11) of the Act 
stipulates that …An invention of a method of treatment of the human or animal body 
by surgery or therapy or of diagnosis practised on the human or animal body shall 
be deemed not to be capable of being used or applied in trade or industry or agri-
culture. This is prevention of patentability of ‘methods of treatment’ that may lead 
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to being offensive to ordre public and morality, and thereby being protected and 
excluded from patentability. These methods will ensure that justice is maintained in 
medical treatments and benefits from such are without limits and may be accessible 
to the public healthcare sector without exacerbation of the costs. Additionally, that 
scientific and research progress as well as technological advancement are main-
tained as well.

However, there may be special cases when it comes to hESC methods of treat-
ment, i.e. therapies or medical devices, which may indicate that the method is novel 
and non-obvious and/or can solve a problem and shows tremendous advantage to 
public healthcare sector. Therapeutic and medical devices need to be separated from 
so-called methods of treatments as such, and maybe there is also a need of defini-
tions or distinction between the terms used for clarity. Many biotechnology claimed 
treatments may include therapies and medical devices which are novel and non- 
obvious and not necessary methods of treatments and these should be deemed as 
patent eligible. Otherwise if this distinction is not made or not understood by the 
patent officer or court (since SA does not have an examination system and guide-
line), it will be difficult to understand what may be deemed patentable or unpatent-
able subject matter in terms of these patents. In addition to improving national 
patent system, Correa (2007) recommends a certain mechanism to enhance the 
examinations of pharmaceutical (and biotechnology) patents from a public health-
care perspective. These mechanisms include pre- and post-grant examinations, 
which are mentioned in the WTO et al. (2013) documentation as well. The pre-grant 
opposition mechanism is applied to help patent examiners in order to improve the 
process of patent analysis undertaken, ‘as the third parties may bring to their atten-
tion precedents that may not have been identified, and lead to granting of more solid 
patents procedure’. Since, ‘filing a pre-grant opposition or observation requires 
capacity to monitor published patent applications and the skills necessary to make 
the search and analysis of precedent that may be opposed’ (Correa 2007). This can 
be done by enhancing the technical knowledge, understanding patent laws and 
claims, interpretation and drafting.

Whereas, post-grant opposition or observation or procedures have been used in 
EPO but rarely in the USA. Even though, this procedure may enhance the quality of 
patents granted as it ‘may generally be completed at a lower cost and in a shorter 
time than the court procedure’. This procedure may be particularly valuable for 
developing countries such as SA, to improve and strengthen the patent system by 
ensuring that ‘strong’ or ‘solid’ patents are being granted. Because this requires less 
time and has lower costs therefore this would be more feasable in developing 
 countries in order to cut cost but still produce ‘strong’ and ‘solid’ patents. When a 
‘system (SA patent system) lacks pre-grants and post-grants oppositions phases that 
provides an opportunity to a Patent Office to receive submission from third parties 
pertinent to the patent application that could assist in the decision to grant or reject 
a patent application…In this case poor quality or questionable patents could be 
easily granted’ (Wen and Matsaneng 2013). This is another area that needs to be 
addressed and possibly amended within SA patent system. The last examination 
procedure that may be adopted for biotechnology patents as well regard examination 
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rules and procedure for pharmaceutical patents. Particular or special examination 
rules, procedures and guidelines are required for contentious issues such as patents 
of hESC inventions, which may require specialised individuals  or experts in the 
field and other fields apart from the patent lawyers. Patent officers and courts (or 
ultimately examination board) may adopt and use these examination rules and 
procedure to evaluate and assess patent claims. Within these rules and procedures, 
there must be definitions of necessary terms such as novelty, inventive step, compul-
sory licence, etc. and different tests that can be applied to determining what may be 
patent eligible in terms of hESC inventions, process and therapies or products or 
medical devices as well as the other patent criteria. What is vital to be disclosed 
concerning these patents and/or what type of documents is required to obtain all the 
necessary information concerning the claimed invention or process or product? Of 
course there is a need of a second and independent type of patent examination sys-
tem and board specifically for hESC patents and that will be for ethical examina-
tions to evaluate and assess specifically the morality clause. This specific examination 
board will also require to have its own ethical rules, procedure and guidelines that 
concern ordre public and morality clause and what will be the specific activities that 
may lead or will be regarded as being against ordre public and morality concerning 
human embryonic stem cell inventions, processes, products or therapies or medical 
devices. I will further elaborate on this Ethical Examination Review Board, as I will 
refer to this board from now forth. In the next section I will discuss the patent 
exemption and limitations which are designed to limit patent infringement and liti-
gations and may be used as a factor to reduce patent ‘immorality’ (patents being 
contrary to ordre public and morality through blockage and slowing down of 
research and technological progress and advancement and by so doing this indi-
rectly limits access to beneficial healthcare with the public healthcare sector).

5.5  Patent Exemptions

Recommendations to incorporate TRIPS Agreement after the Doha Declaration by 
the Government Gazette on existence of patent flexibility to protect public health-
care sector, with the Government Gazette (No. 36816 of 2013)—in order to imple-
ment this patent flexibility into the patent system—stating that ‘to mitigate patent 
infringement thus the system should allow upon patent expiry date information dis-
closure for the use by the public and to also implement the Bolar provision for 
generic medicine’. The system is now open to the Bolar provision in incorporating 
patent flexibility and to maintain access to public healthcare. Implementation of 
Bolar provision as one of the patent exceptions is in accordance with TRIPS 
Agreement’s Article 30 (1995). South Africa has made a recommendation that this 
provision be used without the generic companies resorting to stock piling and 
competing with the owner of the patent before the expiration date. Thus, it is still 
maintaining the rights (exclusive rights) of the patent holder and for others to make 
use of the patent without any infringement and in accessing affordable medicine, 
therapies and medicine devices by the public healthcare sector.

5 A Normative Case for the Patentability of Human Embryonic Stem Cell Technologies



136

Bolar exemption entitles third parties to make use of the patent invention during 
the patent term without consent of the patent holder for the purpose of developing 
information to obtain marketing approval. It also it favours the market entry by 
competitors immediately after the patent expiration and is specifically designed as a 
means to obtaining and being able to access affordable generic medicines. One can 
obviously see why SA would actually recommend this exception amongst the other 
exceptions, with cases such as the HIV-AIDS which took place a couple of years 
back so that the public healthcare sector is able to gain access to ARV for those 
infected. So this is, obvious why such an exception will be attractive to SA as it may 
help the government to combat similar saga as that one with any other urgent or 
emergency public healthcare issues  which may arise. Thus, the Bolar exception 
should be used for public healthcare emergencies or urgent cases and/or in cases 
where the patent information may be viable for acquiring or performing scientific 
studies that may hold vital and tremendously advantageous information regarding 
public healthcare concerns and crises, which may not be necessarily connected to 
that particular patent before its expiration date. However, clarification and guide-
lines on how this may be applied without having issues concerning patent infringe-
ments may be of use to fields such as hESC technology.

Apart from this Bolar exemption, other countries have also implemented within 
their patent system the so-called experiment/research exemption to limit patent 
infringement, improve research and scientific progress as well as provide early and 
access to affordable healthcare. WTO et  al. (2013) state that ‘research exception 
allows others to use the patent invention for research purpose during the life of the 
patent’. Moreover, ‘this permits certain experiments activities that were deemed 
necessary to support important objectives, in line with Article 7 (TRIPS Agreement 
1995)…The research exception permits scientific research “on” and “with” patented 
subject matter that could result in better products or processes. Bearing in mind that 
this could potentially undermine the economic value of the patent’ according to 
Misati and Adachi (2010). Majority of countries that have the experimental/research 
exception within their legislation and made provision for it through the patent sys-
tem may be invoked by any party wishing to do so. However, in few cases there has 
been references made to certain categories of beneficiaries or to activities done in a 
certain circle (Correa 2005) concerning the experimental or research exemption. 
This could be something to consider regarding hESC patents especially with their 
contentious ethical issues regarding the morality not only of the patents but of the 
human embryo as well as claims of patent infringement which may proceed from 
these inventions and their patents in the future. This will also permit hESC research 
and therapies to be patentable or to mitigate the issues of their patent eligibility 
which may also be exacerbated by patent infringements, litigations and licencing 
fees and agreement from these patents apart from other legal and ethical issues. This 
experimental/research exemption can be applicable to ‘academic environment’ for 
particular scientific research purposes or experimentations or experimental purposes 
only, for non- commercial purpose and/or to ‘private’ companies or researches and 
for the purpose of industrial use for generic medicine. In this way the provision or 
exemption can be used parallel to the Bolar provision as they interlink. Against that, 
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the experiment/research exemption should form part of the SA patent system as one 
of the patent limitations and exemption in order to mitigate patent infringement and 
to make a provision for patent. Otherwise, this exemption will have to be considered 
for hESC patents, and this may need to be incorporated as such (to be used and 
applied only for hESC patents). Both these limitations and exemption can serve for 
that purpose and be applied hand in hand in facilitating SA patent flexibility and 
access to affordable therapies and medicines for the public healthcare  sector. 
Moreover, there are some research and/or experiments that may be viable in the 
future although seemingly not so in the current. So being able to conduct a research 
exemption on the patent legal system that may be used for such research or experi-
ment may be off importance for those type of research work. For example, some 
diseases may be predictable based on lifestyle or lifestyle changes, for instance, 
diabetes, stroke and heart disease where at some point (in the past) not so common 
amongst ‘black’ South Africans but currently they are on the rise as of many ‘black’ 
South African lifestyle and choices have changed. Such diseases will need medical 
and therapuetic interventions, some of which may be unorthodox, and this will 
result in a demand for therapies and medicine which may be used to alleviate these 
sicknesses and diseases. Now, the requirement for therapies may also include SA’s 
‘black’ market or gene pool, which may not have been studied before as this was 
seen to be unnecessary at that time. Furthermore, looking at the sudden Ebola epi-
demic that, for a while, was seen to be under control and has suddenly spiralled, 
thus, an experiment/research exception can therefore be included and created for 
such cases. These are cases where they may not be importance or emergencies at 
that moment but could become so in the future therefore research studies would be 
important when development of their therapies are needed. Moreover, this will assist 
in promoting research and technological progress which will enable the scientific 
and medical grow, develop and progress and enables SA to compete on an interna-
tional level by also indirectly addressing some of the ethical issues (benefit-sharing 
and justice) brought by these patents.

Although, SA’s patent system seems to be heading towards a ‘better’ direction 
regarding the patent system in order to mitigate patent infringements and promote 
access to medicine and therapies through the Bolar provision. However, even though 
the system has to facilitate access to medicine and therapies at affordable prices, the 
same system must also be able to facilitate and show flexibility in order to produce 
therapies of good quality and for a provision as well as the information disclosed may 
be applied to help improve and provide a way for scientific growth and for the devel-
opment and improvement of therapies and the technology. Therefore, the experimen-
tal/research exemption can create such an environment whereas this may not be the 
case even if the Bolar provision is adopted. I am not opposing the adoption of the 
provision but I want to submit that considerations to include the experiment/research 
exemption be made together with the Bolar exemption. Experimental/research 
exemption and the Bolar provision are crucial more so when it comes to hESC patent 
that may be prone (possibly in the future in SA) to many legal and ethical issues and 
are so complex to deal with. Some of these patents have been seen to block others 
from making use of what may be ‘obvious’ to a skilled person (such as the WARF 
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patents), while some have ‘high’ licencing fees to a point that they either block or 
slow down research progress, or others use them and infringe the patent’s rights (such 
as the Myriad breast and ovarian cancer, BRAC-1 and BRAC-2 patents). Such cases 
indicate the importance of patent limitation and exception within the patent system 
especially limitations regarding research and access to urgent healthcare and thera-
pies required by public healthcare  sector. This not only addresses and deals with 
some issues regarding patent infringement litigations but also issues that concern 
ordre public and morality clause and, licencing fees and agreements from such pat-
ents (just in case such limitations may need to be enforced to the patent licensee and/
or licensor in case of an emergency such as that of Ebola virus). Other patent limita-
tions may also be implemented within the patent system besides the experiment/
research and Bolar exceptions, and these include; licencing, compulsory licencing 
and licencing agreement and fees.

5.6  Compulsory and Licensing Fees and Agreements

Compulsory licence is when the government allows a third party to make use of the 
patented product or process without consent from the patent owner, and this is one 
of the patent flexibility provisions mentioned by the TRIP Agreement after the 
Doha Declaration. ‘Compulsory licenses serve a purpose in keeping patentees from 
exerting extreme monopoly rights’ (Aymé et al. 2008). In addition, it is used in situ-
ations where an official or court forces the patent holder to grant a licence to third 
party (Soini et  al. 2008). Laws grant compulsory licences usually under certain 
conditions to third parties or to the government for their use. Thus, the national laws 
can set grounds upon which compulsory licences can be granted based upon. As 
WTO et al. (2013) report, these compulsory licences are ‘not being limited to emer-
gency or other urgent situations as it sometimes mistakenly believed’ to be the case; 
hence, the grounds that are set by the national laws may prove or indicate to be so. 
These grounds can be grouped in the following manner:

 (a) Non-working or insufficient working—this is applicable where a patentee fails 
to work a patent in its jurisdiction or where such working by the patentee is 
insufficient.

 (b) Anti-competitive practice—this allows granting of a compulsory licence, in 
order to remedy an anti-competitive practice engaged in by the patentee.

 (c) Public interest—this is a compulsory licence granted based on public interest 
without further defining the terms. Although others (meaning laws) do not 
explicitly mention these specific grounds or any other grounds for that matter, 
such as in cases of national emergencies or extreme urgency.

 (d) Dependent and blocking patents—this is when the law makes a provision for 
requesting compulsory licence where a patent (second or dependent patent) can-
not be exploited without infringing another (first or ‘blocking patent’). Of course 
requirement within this ground is that the second invention is an important 
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technical advancement of considerable economic significance, and the first 
holder of the patent shall have the right through a cross-licence in order to use 
the second patent.

 (e) Lastly, government use—this is when the law explicitly entitles the government 
or third party authorized by government to use a patented invention without the 
patent holder authorisation. Ground for this kind of compulsory licence may 
vary but are typically related to public policy objectives such as national secu-
rity or health (WTO et al. 2013). SA patent Act of 1978 does make provision for 
compulsory licencing in Section 55 and 56 and has set some grounds for this 
provision or limitation. These grounds do fall under the different compulsory 
licencing grounds that are mentioned above. This will ensure that the patent 
system does provide room and facilitate for access healthcare by public health-
care sector and promotion of research and scientific advancement as well as 
economic benefit from ‘working’ the patent.

Another patent issue of interest which may also slow down or block third parties 
from making use of the patent and thereby limiting access to healthcare is patent 
licencing fees and agreements. Licensing agreement is when two or more contrac-
tual owners of a product or patented product or process give permission to a third 
party to use that patented product or process. These licenses ‘are frequently used to 
allow other companies with specialised research or development expertise required 
to produce a complex pharmaceutical (this also including those from the biotech-
nology industry) under mutual agreed terms’ (WTO et al. 2013). Through these pat-
ent licences, the patent owner can either sell or licence or transfer ownership to a 
third party to make use of the patent invention. There are reports of licensing prob-
lem caused by licence fees which may be viewed as ‘high’ and because the terms 
for patent licencing agreement and negotiations are often subject to confidentiality 
requirements, it makes it easier for patent holders to manipulate the market and 
licensees (Soini et al. 2008). Furthermore, Soini et al. (2008) mention all the differ-
ent types of licencing policies that nations can adopt and these include:

 (a) Exclusivity licence—this is when the licensee gets exclusive rights to use the 
invention and associated Intellectual Property Rights (IPR), even the licensor 
has no rights to use the invention itself or to license it further. The National 
Academy of Science (NAS) does not recommend this when it comes to the field 
of genetics and some could be extended to other field within biotechnology.

 (b) Sole or semi-exclusive licence—within these policies both the licensee and 
licensor can use the invention; however the licensor is not allowed to grant a 
licence further.

 (c) Non-exclusive licence—this policy usually belongs to an active commercialisa-
tion and dissemination policy of the company. A licensor may accord a right to 
use the invention to several parties but not retain the rights to use it and license 
it further. Thus, the OECD wants to promote non-exclusivity licensing policy in 
foundational genetics inventions so they are broadly accessible.
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 (d) Lastly, Licensing in diagnostic—in the field of diagnostics, four licensing 
approaches have been patented and these are (1) free access, (2) patent holder 
who offers licence to perform testing, (3) exclusive licencing policy and (4) the 
BiOS (the Biological Innovation for Open Society) licence, whereby the 
licensee instead of paying royalties he/she must agree to share the improvement 
on the patented invention.

Based on the above, these licensing policies may be adopted to implement 
licencing agreements for hESC technology in which both the licensee and licensor 
can have mutual benefits from ‘hESC licencing fees and agreements’. In addition, 
certain requirement may also need to be put in place for these agreements to work 
within the system and offer those mutual benefit. Therefore, there may be a need for 
also including a Material Transfer Agreement (MTA); this will be used for sharing 
of research materials, as well as a Benefit Sharing Agreement (BSA)—for how 
benefits may be shared between the licensor and licensee on a case-by-case basis. 
Of course both the MTA and BSA will depend largely on the type of licencing 
policy it is and as well as the agreement that was reached. Both the MTA and BSA 
should be integrated as part of licensing agreement for hESC patents and this form-
ing part of a system that will create a morally acceptable patent system for hESC 
technology. A system that not only seems as though it is only concerned with one 
party (the licensor) but also concerned with the progress of the nation’s research 
and healthcare improvements and progress and rights of third parties and its soci-
ety. An example of a licencing agreement policy that integrated a MTA as part of 
their licensing agreement is the WARF patents for hESC lines. Thus, WARF 
adopted a dual licensing policy in order to make the cells available to other parties; 
within this agreement academic researchers could sign a MTA and obtain two vials 
of cells for an upfront one-time fee, while researchers who are in the industry would 
have to pay a significant upfront fee as well as an annual maintenance fee (Jain and 
George 2007). Albeit, some biotechnology project, i.e. HUGO, does not approve of 
upfront payments when it comes to genetic sequences. But this may be adopted 
with hESC technology or debated as to which of the two approaches is actually 
feasible and ethically acceptable. Therefore, concerning benefit-sharing thus the 
licence agreement could include requirements such as maintenance of scientific 
and technological advancement through training, sharing of skills and knowledge, 
etc. to other researchers or academic researchers. Apart from the MTA agreement, 
thus, WARF also added the following requirements in the licensing agreement, 
‘licensee had to agree to share the cells with others, not mingle them to make clones 
or some form of chimera or attempt to grow them into embryo and, lastly licensee 
had to certify every year that they were complying with the original agreement’ 
(Jian and George 2007). These requirements are actually based on what is legally 
permissible and what may also not be legally allowed. Therefore, whatever the 
requirements are in the licence agreement, these must not only be legally but also 
ethically acceptable too.
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In addition, Aymé et al. (2008) recommend that, the type of licencing agreement 
should be developed to effectively support and in accordance to those that have 
already been issued and developed by international organisation, and this must be 
done by national policymakers. I agree with them and in addition to that policies 
should not only  be developed according to international standard but be locally 
applicable as well so they can work and  be applicable not only nationally but also 
internationally. Livencing and royalty fee issues need to be addressed as this is often 
an issue regarding patents in general, provide access to affordable healthcare and 
facilitate an inducive environment for research and technological progress and 
development. The guidelines should not violate but promote the licensee and licen-
sor’s rights in the negotiations as well as the society’s claimed rights, as society is 
mostly affected by consequences of these agreements and fees, it is said that licens-
ing fees should be within reasonable prices especially for healthcare, but the ques-
tion is what is ‘reasonable’? (WTO et al. 2013). How can a national or international 
body or bodies be able to determine what is regarded as ‘unaffordable or high’ or 
‘affordable’ royalties and licencing fees for hESC licence and royalty fees? This 
will have to be determined before any decision relating to licence fees and royalties 
are placed. Therefore, such matter must be addressed and some resolution be made 
or provision as to how this can be dealt with. No matter how this licensing fee is 
agreed upon or based on what criterion, both parties must at least agree on that fee. 
However the fee should not be ‘high’ or block others from that invention or making 
use of the patents as this was the case with the Myriad BRAC-1 and BRAC-2 pat-
ents. Some licences may be free or at a certain price or based on social or voluntary 
purposes; no matter what or how they are, the patent system mandate is to make 
sure that there is access to affordable healthcare without eleminating the incentive 
and rewards for investors or biotechnology companies, respectively.

Another type of agreement which may also serve as a type of agreement in addi-
tion to a Licensing Agreement is the Technology Transfer Agreement (TTA) also 
known as the Tech Agreement. This type of agreement is ‘distinguished from the 
other agreement in that it is an agreement under which a technology supplier 
undertakes to transfer technical process in return for a financial consideration to 
produce or develop a certain product, install or operate machines or devices, or 
provide services. This therefore involves legal processes and acts that may be set 
forth in the technology transfer agreement’ as Licensing Executive Society—Arab 
Countries (2007). TTA has different types of agreements as Licensing Executive 
Society—Arab Countries (2007) mentions such as:

 1. [Joint Venture Agreement: These are the Agreements under which a simple joint 
venture is established between two or more partners whereby one of the partners 
provides the technology.

 2. Invention Exploitation Agreement: These are the Agreements that allow exploi-
tation of an invention; however it does not provide for technical support and 
knowledge transfer (Know-How) nor does it grant a license to use trademarks or 
the right to sell machines or other technologies.
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 3. Knowledge Agreement: The main characteristic of these Agreements is that they 
do not address an invention but only technical information and expertise. The 
property value of these Agreements relies on the confidentiality of the informa-
tion and the expertise. Thus, when the technology owner wishes to grant a 
licensee, he also sets strict confidential clause to the extent of including unfair 
conditions.

 4. Non-disclosure Agreement: These are Agreements under which the licensee is 
bound to maintain confidentiality of information and to use it for a certain pur-
pose. This type of Agreement may also be embedded with the system as well as 
within hESC patent system. This will help promote and facilitate an environment 
for technical growth].

Human embryonic stem cell technology with its ethical controversies and issues 
and patents being viewed as being immoral will require first that the patent system 
be resolved to accommodate this technology and its claimed inventions in the future. 
Secondly, that an examination system or at least examination board be incorporated 
with this system or at least for hESC patents (which will be complex and will require 
to be examined especially concerning what may be regarded as a patentable subject 
matter within this field—there is a thin line between what may be regarded as human 
ingenuity and what is non-obvious and obvious). Thirdly, that appropriate limita-
tions and patent exemption are also integrated within the system. I do stress that not 
only the Bolar provision should be included but also the experimentation/research 
exemption (more so for non-commercial purpose) should be incorporated within the 
system. This is particularly important in order to try and mitigate and avoid patent 
infringements and litigations that may stem from these patents. Compulsory license, 
licensing agreements and fee must be addressed and where necessary some form of 
generic licencing agreement and guidelines be developed to assist with licencing 
agreements. Moreover where possible, BSA and MTA concerning licencing agree-
ment between a licensee and licensor must be developed or a generic one for 
research purposes used. However, whatever the examination guidelines and tests as 
well as licencing guidelines are, these must all be supported by the Laws and 
Regulations for hESC research and therapies and not in contradiction with the Laws 
and Regulations; there is definitely a need of coherence within the legal and regula-
tory framework. Equally important is also developing ethically and morally accept-
able policies, guidelines and test which will make certain that granted and/or 
revoked patents are within or based on ordre public and morality clause and that the 
patent system grants ‘strong’ patents. SA patent system must not only be legally 
acceptable but ethically acceptable through developing an ethically acceptable sys-
tem. Thus, an ethically acceptable system gives society confidence in its governance 
as well as hESC patents and their use (or exploitation thereof). Therefore, ethical 
acceptable patents policies and laws are what is needed in order to be develop a 
system that will grant ‘strong’ patent and patents that will not be contrary to ordre 
public and morality.
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5.7  Ethics of Responsibility and the Patent System

Based on the morality clause as stated in the SA Patent Act of 1978, SA is liable for 
ensuring and maintaining ethical conducts within its patent system. The recognition 
and inclusion of this clause, ordre public and morality, in the Act is one of the ways 
which the patent system can address. This morality clause is for society’s protection 
from matters that may violate society’s dignity, freedom, respect and democracy 
through working of patents. Additionally, this clause may be used to also provide 
protection for any claimed invention and the exploitation of their patents from 
offending the society’s cultural view. It is important to understand what the term 
ordre public means before moving ahead as this will help in understanding and the 
application of the moral clause appropriately. The Old concept explains ordre public 
as ‘protection of important public interests such as security, peace and democracy’ 
(Soini et al. 2008). According to that definition, for an invention (either process or 
working of the patent) to be contraty to ordre public and morality, this action will 
have to violate society’s (at large); 1. security - this could be health security or job 
but not limited to these as well, 2. peace - if such action may lead or lead to social 
disharmony and, 3. democracy - violates society's claimed constitutional rights such 
as liberty, dignity and respect. With that said, according to the SA Patent Act of 1978 
(No. 51 of 1978) this morality clause can be used in analysing and revoke an appli-
cation or patent based on the industrial applicability of the patent as well as the 
exploitation (commercial) of the patent, as stipulated; section 25 (4) (a) exploitation 
of an invention by a patent may be based on the manufacturing process of that patent 
in that state of art. As well as, section 36 (1) (b) that the use of the invention which 
the application relates would be generally expected to encourage offensive or moral 
behaviour. In the field of human embryonic we have seen a case where it was pat-
ented based on the manufacturing process (its industrial applicability) but later a 
claimed was filed against these patents as they were claimed to voilate freedom of 
research amongst other things. This case which appeared in the US court was 
between the Consumer Watchdog and Wisconsin Alumni Research Foundation 
(WARF), i.e. Consumer Watchdog v. Wisconsin Alumni Research Foundation. In this 
lawsuit the Consumer Watchdog and the Public Patent Foundation filed a brief with 
the Court of Appeals for the Federal Circuit. In their brief they argue that patent 
claims on hESC held by the WARF are invalid under the Myriad decision because 
they are ‘products of nature’. Moreover, ‘an appeal was filed in an interparty re-
examination of certain patents, re-examination of patent 7.029,913 (‘the “913” pat-
ent’) that was issued on the 18th of April 2006 to Professor James Thomson and 
now assigned to WARF. The Consumer Watchdog argued that three claims of the 
patent for the in vitro cultures of human embryonic stem cell lines had been obvious 
in light of the prior art, with any person of ordinary skill in the art of deriving and 
maintaining embryonic stem cell lines for any mammal’ being able to find the pro-
cess used to derive these hESC lines, at least, obvious to try (Greely 2013).
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This case brings two issues concerning hESC patents under the ordre public and 
morality clause. Firstly, the subject matter being patented or invention being pat-
ented, i.e. what may be regarded as patent eligible, is under question as to what 
exactly is regarded as ‘natural’, seeing that those things that are regarded as ‘natu-
ral’ may not be patented or are patentable subject matters. Therefore, does it mean 
that human embryo is not regarded as a ‘natural’ entity? Clarity on what is regarded 
as a ‘natural’ entity that may not be a patentable subject matter needs to be defined 
more and how patent officers and courts may test for patentable subject matter of 
naturally occurring subject matters such as those from biological materials of human 
beings, otherwise this may result in patents or commercialisation thereof being 
offensive to ordre public and morality. And secondly, issues seen with this case is 
the issue on how the inventive step in itself is defined and determined, i.e. how obvi-
ous that process is in that particular state of the art (in this case stem cell or biologi-
cal), which may result in patents being issued without foreseeing that these patents 
and/or their commercial exploitation may cause offenses in ordre public and moral-
ity in the future as is seen now with the WARF patents. WARF’s hESC patents are 
now blocking downstream research and development work and it seems like every-
thing concerning processing of hESC line is being covered under their patents. 
When evaluating this issue, one realises how these patents can be and/or are against 
public’s morality since they are blocking research and therapeutic development 
(possible of course) which may be beneficial to the public. Causing insecurity and 
violating society's claimed democrtatic rights, even though this may not be so now 
but this it may in the future. Moreover, such issues also tend to increase therapeutic 
costs from these patents, albeit patents do not affect market prices. However, it does 
not seem to be translated in that manner, and this has resulted in a few opulent indi-
viduals or countries being able to have access to these therapies. How scientific 
knowledge as well as therapies are distributed and how the public may be able to 
have access to the technology is of paramount importance as this is the main reason 
(in my opinion) which may be against the public’s morality, and this needs to be 
prevented by policies.

Policies must be written to define set of ground rules and/ or guidelined that can 
be followed such as those seen within the TRIPS Agreement document. However, 
we will need guidelines that will not only be based on the types of inventions but 
also on the types of activities that are/or may be considered offensive to ordre pub-
lic and morality or lead to such an act or conclusion. Ethical ground that may lead 
to being offensive to ordre public and morality should be based on specific types of 
activities as it is actually the activities (or action) that result in being contrary to 
ordre public and morality and not an invention or patent (these are just things or 
means to act in a certain manner that may be regarded as being contrary to ordre 
public and morality but are not in themselves). Such a policy will facilitate a struc-
ture or foundation for an ethical and legal regime. Since, it is only the action of the 
moral agent that may be regarded as being offensive to ordre public and morality 
and not the entity or invention or patent. Thereby, it should be in the government’s 
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interest to protect its public from being morally violated through the actions of the 
moral agent (i.e. patent holder) and how he or she ‘works’ the patent. But the cur-
rent international policies as well as laws seem to only mention inventions that are 
contrary to ordre public and morality. This puzzles me as inventions connot be 
against public’s morality but rather human (moral agent’s) actions. More of a rea-
son why SA should have its own set of grounds that stipulate what activities may 
lead to the morality exclusion of what may be regarded as patents eligibility or not.

Another issue of concern is one arising from the working of patents, commer-
cialising of patents, as well as ownership rights of the patents. This is mostly so with 
hESC technology as this field has been mired in many ethical controversies and 
issues, regarding the use of human body and furthermore ownership issues (i.e. 
patenting issues). It is crucial that matters relating to commercialization and onwer-
ship of hESC patents be addressed before this technology start growing and expand-
ing. Therefore, ‘the patent system therefore provides a useful mechanism which can 
be applied to address some of these ethical and social concerns of hESC technology 
not because patents are necessarily the cause of concern but because the system for 
granting them provides a practical way to regulate compliance with ethical and 
social values’ (Gold and Caulfield 2002). I agree with the authors that the patent 
system can be used as a tool in addressing these ethical issues an it should be used 
(somehow) as a tool to address morality issues and this could be a beneficial factor 
within the legal framework. The patent system can accomplish this by setting up 
ethical standards which will not only reflect international social culture or standard 
but importantly local socio-cultural standards too. This will aid in bringing back 
public’s confidence towards science and technology and motivate international col-
laborations and investments. However, in order to set up appropriate, cultural and 
ethical standard—to set as grounds for the morality clause, this will require a group 
of specialists or experts in different fields including Bioethicist/Ethicist, different 
individual in science (biotechnologist/stem cell biologist), Bioentrepenuer, Bio-
economist, etc., to develop and make decision regarding the ethical standards and 
rules, procedures and guidelines. This group of individual will be able to write and 
develop ethical guidelines and rule concerning patents and what activities are 
required to exclude certain inventions and patents from being patent eligible based 
on the morality clause. Furthermore, they will also be able to test and analyse not 
only the ethical issues but also the technical steps in patents (for inventive step), 
issues regarding licencing fees and agreement, additional documentation such as 
the MTA and BSA when required as well as issues concerning justice from exploita-
tion of these patents. Even though this may seem as though it is unnecessary but it 
is, unless justice is part of the patent system (by making certain that justice is main-
tained and facilitated through procedural and distributive justice from exploitation 
or ‘working’ of these patents) this may lead to granting or ‘working’ or exploitation 
of patents which are offensive to ordre public and morality and cause public disor-
der if justice is not maintained or facilitated through the patent policies and laws and 
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regulations, respectively. Therefore, it is only a qualified team of expert with indi-
viduals from different fields that are well knowledgeable and involved in this matter 
which will be able to understand, evaluate and make ethically sound and justifiable 
decisions concerning hESC patents and ethical issues pertain from these patents. 
Only those who are in bioethics or ethics may be able to determine what ethical 
measures are required in hESC patents. Because ‘the legal regime is generally held 
as neutral, that is patent officers do not have to pay attention to the patents’ conse-
quences, as they are not trained to do so more especially with morality issues’ (Soini 
et al. 2008). Hence, more reason for an Ethics Review Board for hESC patents that 
will be aware of the ethical and moral consequences that may emanate from these 
patents. This will lessen granting of hESC patents that will be contrary to ordre 
public and morality and thus grant ethically acceptable hESC patents. This may 
mean that SA patent system may have to integrate within its system a separate group 
of individuals who will be responsible for handling ethical issues amongst others 
regarding hESC patents. This group of specialised individual could form part of the 
‘Ethics Examination Review Board’, or this could just be for patent in the field of 
hESC technology and not necessary with all patents. Their duties will be to develop 
ethical guidelines for the criterion regarding ordre public and morality, that is set up 
specific activities and not inventions that may be contrary to ordre public and moral-
ity if an invention is granted a patent or by commercial exploitation of a patent. This 
is important as other patent criteria may lead to granting of patents which may lead 
to actions that may be contrary to ordre public and morality, and having guidelines 
that specify on what ground this clause can me breached may help mitigate such 
matters.

Ethics review board ‘should not prevent patent holders from enforcing the patent 
until the board reaches the final decision and the decision of the board would be 
subject to be reviewed by courts. Thus, the ethics board will be there to suspend the 
power to enforce the patent, but not to revoke it’ (Gold and Caulfield 2002). Once 
such guidelines are drafted and implemented they must be used and possible should 
be enforced through legislations in order to ensure that they are followed and used 
as they should be. This will ensure that the ethical concern found within the patent 
application is addressed appropriately before granting or revoking of patents. ‘This 
mechanism will separate the patent granting process from the patent enforcement 
process, meaning that an ethical review board will not slow down the patent exami-
nation and granting procedure’ (Gold and Caulfield 2002). Furthermore, it will 
ensure that ‘solid’ patents are granted and will take off pressure from the Examination 
Board or patent officers or courts and make sure that no bias and arbitrary decision 
for granting or revoking patents were taken and hence an ethical responsible deci-
sion were taken and applied within the patent system. Ethical responsibility which 
is needed in Laws and Regulations including those in patent laws and regulatory 
framework, so that ethical conduct forms part of governance. For this possibility I 
then propose that Ethics of Responsibility be incorporated into patent laws and reg-
ulatory framework, especially regarding hESC patents.
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5.7.1  Ethics of Responsibility

Ethics of Responsibility deals and address ethical conducts concerning ‘new mod-
ern’ technology such as those from biotechnology, albeit is not so ‘new’. This ethi-
cal principle and theory was originally introduced by Hans Jonas a German 
philosopher, who reports that, this ‘new modern’ technologies may affect others and 
this may not be in the same manner as with the previous technologies and hence this 
requires that a moral agent act in a responsible manner. Moreover, that the power of 
this new technology forces upon ethics (traditional ethics) a new dimension of 
responsibility which was never dreamed about before (Jonas 1984). Therefore, 
according to Jonas Ethics of Responsibility has to have an objective as well as a 
subjective side, where the one has to deal with or to do with reasoning and the other 
deals or has to do with emotions (1984). Therefore, an individual (moral agent) 
must exhibit and show feelings of responsibility towards others, feelings of respon-
sibility that are important in order for the moral agent to make use of this modern 
technology in an ethically responsible and moral way. Especially since ethical 
guidelines or rules alone do not make an individual to act in an ethical responsible 
manner. Even though, they contribute in making sure that a moral agent does act in 
a morally acceptable way and can make use of this modern technology in an ethi-
cally responsible manner.

Ethics of Responsibility does however assist in making an individual to be 
accountable for his/her own decision no matter what the consequences are and to be 
able to give a morally justifiable reason for his or her actions. This principle leaves 
room for both ‘success’ and ‘failure’ from decision made and/or laws, rules, proce-
dures and guidelines developed in order to act (or not act). It stresses on the fact that 
decision should be based not only on the ‘success’ or ‘benefits’ and ‘failures’ or 
‘risk’ from that particular usage (or lack thereof) of modern technology. But says 
we ought to be responsible towards the usage and application of that technology to 
others (i.e. society—present or future) and be able to have a morally justifiable rea-
son for our action. Against that background, it is therefore important to understand 
that good governance comes with taking responsibility towards society and ensur-
ing that good ethical conduct is maintained and rights are not violated by Laws and 
Regulations. In order for this to happen therefore the government can apply Ethics 
of Responsibility when drafting and implementing policies, Laws and Regulation 
and by having feelings of responsibility towards its society, public healthcare issues, 
research scientist and investors. Jonas (1984) states in his work that ‘the govern-
ment’s responsibility is first and foremost of men for men (and of course women for 
women) and this is the archetype of all responsibility’. Additionally, that ‘these 
responsibilities that the government has encompass the total being for their object, 
that is, all aspects of them, from naked existence to the highest interest’. Therefore, 
this would be referred and known as the, referred as ‘Total Responsibility’. The 
second responsibility is referred as ‘Responsibility of Continuity’, ‘which follows 
from the total nature of responsibility for which in a tautological sense that its exer-
cise dare not stop’. And, the last responsibility is referred to as ‘Responsibility of 
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the Future’, ‘with future responsibility being concerned with the future (the future 
of the present generation- the proximity, as well as future generation) and ensures 
that technological progress is maintained throughout’. Thus the government never 
stops taking responsibility and he/she has to look into a larger span of things extend-
ing from the past to the present to the future life of his/her community’s history and 
future. This sums up not only the past but present as well as future generations and 
that of individuals within a democratic society. All in all Hans Jonas expresses that, 
the progress that the technology needs to bring should ultimately result in the 
‘supreme good’ over ‘supreme evil’.

Therefore, it is the government’s responsibility to make sure that society’s claims 
of liberty and dignity are not violated through hESC technology. The government 
can accomplish this through natioanl policies and legislations which addresses such 
matters and uses the principle of Ethics of Responsibility within its legal regime. If 
this approach is applied in the context of hESC patents, there will be no need for 
prohibiting patentability of its inventions as well as exploitation of hESC patents as 
the legal framework will provide and facilitate an environment in which moral 
agents (who are involved in hESC patents—whether by applying or exploiting or 
foreseeing there application and granting process) feel and take ethically responsi-
ble decision concerning granting or revoking and or working of hESC patents. What 
the legal framework need to enforce is ethical responsibilities towards ‘working’ or 
exploitation of hESC patents in order to ensure that scientists and investors or com-
panies are able to make ethically and morally justifiable decisions concerning the 
invention and ‘working’ of hESC patents towards society. Ethics of Responsibility 
will ensure that society’s interests is maintained and not only the interests of the 
scientists, universities, investors and the government. But that claimed liberty and 
dignity are not voileted by working of hESC patents.

Therefore, when the patent policies and legislations are being drafted and devel-
oped the system should not focus on the morality of the inventions and patents 
(through traditional ethics only—although still required). However, there is a need 
to be able to integrate or draft and develop policies and legislation that will bring 
and incorporate a sense of ethical responsibility towards society by the govern-
ment, patent holder and so forth. This will set out ground in which patent holders 
will be able to make use of the patent in an ethical responsible way for not the 
present generation but for future generation and be able to provide a morally justi-
fiable reason for their action no matter what the consequence are. The same goes 
for the policymakers and law makers, that whatever laws and regulations and 
guidelines are drafted and implemented they too will be able to take responsibility 
of them, and whatever results come from these laws, regulations, policies and 
guidelines, they will be able to have morally justifiable reason for them. This 
approach will help mitigate ethical and moral concerns related to hESC patents. In 
addition, it will assist in ethical conduct that can be adhered to by all parties 
involved, as well as assist i becoming ethically responsible towards society in 
working of hESC patents. When the moral agents is aware of their ethical respon-
sibility towards society  there are slim chances of violating their rights, or as I 
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would assume. Whether through access of affordable healthcare or scientific or 
research progress, technology development and advancement but ethical responsi-
bility will be conducted either way through the enforcement by the patent law and 
patents holders being aware of what should and shouldn’t be done. This is particu-
larly important when it comes to hESC technology.

Especially because, there are also many ethical issues and controversies this 
technology is mired with because hESC source is from the human embryo, which 
is entangled within the ethical issues regarding the moral status of the human 
embryo for hESC research, and therefore ethical issues regarding this issues have 
been debated by various academic scholars with no resolutions on the matter. With 
many people regarding patenting and commercial exploitation of hESC patents 
being contrary to ordre public and morality based on their sense of morality or 
rather the moral status of the embryo. This has raised cultural issues about the 
relationship between the human body and human life as well as ownership of these 
patents. Therefore, addressing, resolving and coming with better resolutions for 
addressing and dealing with the patent’s morality clause is important as this clause 
may be applied unfairly in order to prohibit hESC inventions from being patentable 
subject matters which may benefit public healthcare and for which this on its very 
own may end being contrary to ordre public and morality and may cause public’s 
disharmany and injustice. As important therapies will not be developed (which 
may have been if research and patenting of this technology was permitted) or 
allowed for industrial application based on this clause as the current state within 
the E.U. legislation. This may also be interpreted as violating the patients’ dignity, 
respect and freedom of choice on different stem cell therapies and healthcare thera-
pies by prohibiting inventions that may benefit society, if not now but in the future 
or future generations.

Ordre public and morality deal with the nations’ cultural ways or morality, and 
this varies from society to society (or nation to nation); hence, SA must be able to 
set its own ethical standard regarding this criterion, and hence this will also be able 
to incorporate Ethics of Responsibility within the patent system. SA government 
has a responsibility towards its own society by ensuring that they are able to create 
a regime that will provide granting of ‘strong’ patent, that these patents will benefit 
society, provide access to affordable healthcare therapies and medicine to the public 
healthcare and that there is scientific progress as well as technological development 
and progress. Thus, Ethics of Responsibility is not only geared towards the present 
generation but also for future generations no matter what consequences it bring as 
long as these consequences are morally justifiable in this present generation as well 
as future generations. Not to contradict myself, there is a need to evaluate and make 
decisions based on the risk vs. benefit ratio. However, responsibility of the results 
and how the decisions were made is very crucial as sometimes some decisions are 
made based on fear or doubt. Therefore, Ethics of Responsibility will ensure that 
these decisions are taken for the overall benefit of society as well as proximity to 
future generation, and this would have been the best decision to be taken no matter 
what the consequences may be or appear to be.
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5.8  Conclusion

Human embryonic stem cell technology can open great opportunities and benefits 
in science as well as  in providing prominent healthcare therapies, medicine and 
medicinal devices that will benefit societies, especially the public healthcare sector. 
However, this technology will of course not come cheap, especially with patent 
issues not being resolved which may also exacerbate prices and affordability issues 
concerning them. Patent system can be a tool that may be used not only to address 
issues that have been surrounding hESC technology especially those of ethics, as it 
makes provision for patent exclusion by the morality clause. Human ESC is legally 
patentable in SA based on the standards of the patent criteria: novelty, inventive 
step, industrial applicability and disclosure. There is no evidence suggesting that 
any hESC technology is unpatentable subject matter based on ordre public or moral-
ity or any of the other criteria for that matter. Therefore, despite people’s desirability 
thus unless hESC patents show on good ethical grounds to be immoral or unethical 
and or exploitation of their patents are in the like manner then only then can they be 
(their inventions) classified as unpatentable subject matters. Ethics is not based on 
popular demand but based on what is ‘good’ and ‘bad’ and not on how majority of 
people feel. It is therefore important to make ethical decisions that are not arbitory 
or based on how the majority of people feel. But we should make ethical decisions 
that will be for the best interest of society as well as  encourage growth and 
development.

Currently, South African patent system is not providing ground for ethical 
responsible conduct regarding patents from developments of hESC. Lack of defini-
tion of certain terms within the Act, the use of a registrar instead of an examination 
system and this does not facilitate growth, flexibility and progress in this field. 
Limitations and provision of patent exception to mitigate patent infringement, lack 
of licencing agreements and fees as well as policies. This will result in stagnation of 
patents and innovations and will slow down scientific and healthcare progress in the 
country. Unless patents are examined and patent  are criteria properly assessed 
before granted or revoked, patent system will only result in granting and/or revoking 
unfairly. Implementation of such a system is important for hESC patents seeing that 
hESC has been mired in ethical contraversies therefore, careful assessment is impor-
tant. Moreover, cases of patent infringement as well as unfair dispute relating to 
licencing agreements and fees when it comes to concerning biotechnology pat-
ents raises the importance of addressing these issues. In order for this to be realised 
it will take specialised individuals and/or experts in the field of ethics or bioethics 
can deal and address these ethical issues (i.e. morality issue) stemming from hESC 
patents as well as those of legal and technical matters.

Human embryonic stem cell technology poses and raises special issues that need 
to be addressed specifically. Bioethics is able to breach a gap and find a middle 
ground that will be both legal as well as ethical in terms of policies and legislation. 
Therefore, the incorporation of an Ethics Examination Review Board to the SA pat-
ent regime is needed. This board will be able to develop such policies as well as 
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ethical guidelines for the patent system that will promote ethical conduct by indi-
viduals. This will promote ethical responsibility, and if ethical responsibility is part 
of the system, this will not only promote access to healthcare therapies, research and 
scientific progress, technological improvements and advancements, but it will also 
bring society’s confidence concerning hESC research and patents from this field. A 
lot is still required concerning development of hESC technology and its patents, and 
SA is still at the stage where it can incorporate this principle within its patent system 
which will result in an ethically responsible manner for granting and/or ‘working’ 
of hESC patents.

5.9  Recommendations

I recommend that the SA patent system moves away from being a registration sys-
tem and implement an examination system, with the Examination Board developing 
guideline for examining and assessing the patent criteria. This may include tests 
such as the machine-or-transformation test but can also make provision for human 
ingenuity in cases of natural and ‘human body’ inventions and patents such as those 
from hESC patents. Apart from this, the patent system can also incorporates within 
its policies and legislation an experimental/research exemption, that will facilitate 
for an environment which will bring research progress, growth. Additionally will 
also contribute to development of generic medicine after patent expirations as well 
as accomodate research that will be beneficiary in some ‘emergency’ cases. What is 
equally important concerning hESC patents are licensing agreement and fees. 
Therefore, development of licensing policies as well as a generic licensing agree-
ment from hESC inventions and patents will assist in mitigating issues that are 
brought about by these patents. In addition, MTA and BSA agreement will also help 
with regard to licensing agreements between the licensee and licensor in the research 
community. These can be regarded as a MTA-licensing document and BSA- 
licensing document for hESC patents. Therefore, submission of a MTA (as an 
example of a generic MTA that may be adopted with the patent licencing agreement 
is from the University of Witwatersrand, Material Transfer Agreement for Human 
Biological Materials, http://www.witshealth.co.za) and BSA agreement for hESC 
patent during applications or during licensing agreement will be needed, this can be 
assessed by the Ethics Review Examination Board as well to be able to determine if 
the agreement is not contrary to ordre public and morality and promotes harmony, 
justice and scientific progress. The BSA document in incorporation with the licens-
ing agreement should stipulate clearly how benefits will be shared between the 
licensee and licensor as well as society, whether mandatory or non-mandatory ben-
efits. An example of such document can be seen within the South Africa’s 
Bioprospecting Access and Benefit-sharing Regulatory Framework: Guideline for 
Providers, Users and Regulators (2012), ultimately an international documents such 
as those created by HUGO just to name a few may also be reviewed.
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In order to have a system that will promote patent flexibility as well as access to 
affordable healthcare for the public healthcare sector, I submit that these recom-
mendations amongst other measures may be incorporated within the patent legal 
framework. It may help bring feelings and actions of responsibility between stake-
holder’s towards society and growth and development with hESC area. Additionally, 
I recommend that SA adds to its policy a Techno Transfer Agreement which will 
work in cases of experiments and research studies from patented hESC processes or 
products. Apart from the above, a very important element to integrate within the 
patent system is that which will address and deal with ethical issues stemming from 
hESC patents. Therefore, an Ethics Review Patent Examination Board (preferable 
for hESC) should be integrated as part of the system this board will work hand in 
hand with the Examination Board. It will also have certain duties such as to directly 
address issues pertaining to the ordre public and morality clause regarding hESC 
patents besides having to draft the rules and guidelines for what may be considered 
as being offensive to morality by these inventions and ‘working’ of these patents. 
The government can have this Board working with all patents or have it just for 
Biotechnology patents; however there is a need for such a Board for hESC patents. 
Appropriate definitions for certain terms needs to be incorporate, used and adopted 
within the Act, regulations and guidelines and these definitions be clearly defined 
must to assist applications as well as assessments and specific type of activities that 
will be consider for actions or hESC inventions or exploitation of hESC patents that 
will be considered as contrary to ordre public and morality, thereby being excluded 
from being a patentable subject matter.
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Chapter 6
Ethical Considerations in Stem Cell Research 
on Neurologic and Orthopedic Conditions

John D. Banja

6.1  Background

Stem cells are biological products derived from various sources including aborted 
fetal brains, umbilical cord blood, spinal cord tissue, hematopoietic cells, immortal-
ized stem cell lines (derived from human teratocarcinoma), adipose tissue, autolo-
gous cells (derived from bone marrow and adipose tissue), and human embryos 
created in laboratories or left over in clinics performing in vitro fertilization (Bliss 
et al. 2007; Bahney and Miclau 2012; Schmitt et al. 2012). Their interest to contem-
porary clinical research cannot be exaggerated in light of their combined “pluripo-
tent” and longevity properties, i.e., their ability to change from undifferentiated to 
differentiated cells and proliferate in the three germ layers, i.e., the ectoderm (regu-
lating skin and the nervous system), the mesoderm (affecting bone and muscle for-
mation), and the endoderm (affecting organs like the lungs and digestive system). 
The therapeutic and regenerative possibilities stem cells represent for repairing 
damaged or nonfunctional tissue are breathtaking. Clinicians anticipate that the 
future of stem cell technologies will improve or restore function in potentially all 
major organ systems, while in 2013, stem cell transplantation research was already 
in Phase III trials for Crohn’s disease, bone marrow transplant procedures, conges-
tive heart failure, limb and myocardial ischemia, liver failure, leg ulcers, leukemia 
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and lymphoma, retinitis pigmentosa, and cartilage disorders and defects (Sargent 
2013; Pharmaceutical Research and Manufacturers of America 2013).

Although not anywhere as advanced, stem cell research for orthopedic conditions 
such as for bone fracture and cartilage and tendon repair have been underway for 
some time (Schmitt et al. 2012). Unlike human embryonic stem cells, the cells used 
in these studies are adult, multipotent cells that have limited ability to differentiate 
into preferred cell types in contrast to pluripotent cells (Bahney and Miclau 2012). 
Found in the bone marrow, hair follicles, adipose tissue, and the intestinal villus 
crypt, these cells nevertheless show a remarkable affinity for differentiating into car-
tilage, adipose tissue, and bone cells (thus their interest in orthopedics). Mesenchymal 
stem cells harvested from bone marrow have especially shown excellent osteogenic 
differentiation in animal studies, are known to home in on the kinds of injured tissue 
typical in fractures, and exhibit paracrine-based mechanisms of tissue healing marked 
by a reduction of inflammation without immune rejection (Schmitt et al. 2012).

Presently, no stem cell trials aimed at improving neurological or orthopedic func-
tioning have received FDA approval as the challenges of these kinds of research are 
daunting (Centeno and Bashir 2015). Not only must researchers solve the problems 
of delivering and engrafting the cells to the correct anatomical site, but the cells 
must be “coaxed” to differentiate, proliferate, and, most importantly, result in the 
organism exhibiting a meaningful and empirically measureable structural improve-
ment or functional change. As discussed below, the entire research trajectory—from 
the moment of securing stem cells for implantation, through the translational and 
first-in-human process, and then proceeding through clinical trials culminating in 
product launch—is fraught with unpredictability and ethical challenges. What fol-
lows is a brief overview and discussion of some of the more salient ones.

6.2  Stem Cells and Moral Status

Anyone even modestly familiar with ethical dilemmas surrounding stem cell 
research is probably aware of the most familiar one: strident moral objections to the 
creation of human embryos from which stem cells are derived and used. Opponents 
of stem cell research using human embryos understand the human embryo to have 
“moral status” upon its creation and argue that it must be accorded fundamental 
human rights from the moment of its conception. As such, the removal of the 
embryo’s stem cells at the blastocyst stage (around the third to fifth day of embryo-
genesis) resulting in embryonic death constitutes, to them, a frank homicide 
(Robertson 2010). Indeed, the National Institutes of Health will not fund stem cell 
research wherein the cells are derived from human embryos created specifically for 
research purposes (National Institutes of Health 2009). NIH-funded researchers 
using human embryonic cells must secure these cells either from the NIH Registry 
or from clinics or facilities where the cells were originally intended for reproductive 
purposes and are no longer needed (National Institutes of Health 2009). 
Consequently, even if one hesitates to confer “moral status” at the blastocyst stage, 
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positions like the NIH’s resonate with the “symbolic significance” of the human 
embryo, given its potential for eventually attaining inarguable moral status along 
with the fact that all of human life begins with a fertilized ovum that proceeds 
through the expression of its embryonic genes (Tauer et al. 2014).

In 2006, Shinya Yamanaka and his colleagues discovered how to develop human- 
induced pluripotent stem cells (iPSCs). iPSCs are derived from adult skin cells 
which Yamanaka and his colleagues figured out how to genetically manipulate and 
alter to behave like human embryonic stem cells (Takahashi and Yamanaka 2006). 
Because they do not require the creation of a human being, i.e., embryo, and exert 
no compelling claim to moral status, many (especially conservative) ethicists hailed 
the technological discovery and pronounced the problem of moral status resolved 
(Hyun 2014).

Unfortunately, that scientific enthusiasm and moral relief turned out to be prema-
ture. Some scientists pointed out that small, still poorly understood differences—
which can nevertheless have colossal clinical repercussions—are known to occur in 
gene-expressed patterns of iPSCs. They may not behave enough like human embry-
onic stem cells and may ultimately yield clinically disappointing results. Other, 
albeit preliminary, studies have suggested that iPSCs retain some “epigenetic mem-
ories” of their original somatic cells that could interfere with their differentiating 
into preferred cell types (Kim et al. 2010). Still other researchers point to the amount 
of manipulation required in creating iPSCs and worry that those manipulations can 
cause undesirable and harmful mutations in resulting cells (Hyun 2014).

Only time will tell whether iPSCs represent therapeutically realistic alternatives 
to human embryonic stem cells, and we will probably witness trials comparing 
results from the two for quite some time. It nevertheless seems a virtual certainty 
that any ethical resolution of the more fundamental ideological debate regarding 
when to ascribe moral status is unlikely anytime soon. Obviously, the question isn’t 
an empirical or factual one that can be scientifically settled but rather a valuative one 
to which different people will bring different points of view. Because those points 
of view are themselves nested in and informed by larger and even deeper networks 
of fundamental moral beliefs, feelings, and intuitions that resist scientific proof, the 
debate may go on endlessly (Lakoff 2008).

Interestingly, the use of mesenchymal stem cells for orthopedic conditions may 
avert these ethical worries as they are adult (often autologously donated) cells, do 
not require the creation of an embryo, and, hence, have no claim on moral status. 
However, because their ability to differentiate is not as elaborate as pluripotent, 
embryonic cells, only time will tell whether they can deliver satisfying, clinical 
outcomes. Some investigators, for example, have derived mesenchymal cells or 
“chondrogenically committed cells” from human embryonic cells for cartilage tis-
sue regeneration (Hwang et al. 2008; Lian et al. 2007). If that technique consistently 
delivers functional outcomes that prove vastly superior to using only adult stem 
cells, it will reintroduce the violation of moral status controversy in orthopedic stem 
cell research. Alternatively, if adult stem cells can stand on their own without the 
supplementation of ethically controversial materials, the moral status question sur-
rounding stem cells will seemingly be overcome.
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6.3  Research Risks and Methodology

6.3.1  Informed Consent

If significant ideological differences revolve around whether neurologic research 
using human embryonic stem cells is or is not ethical, shouldn’t investigators con-
sider those differences in formulating their informed consent processes? Some 
patients who consider enrolling in trials might be concerned and perhaps decline 
treatment upon learning that they will receive biological products resulting from the 
intentional destruction of human embryos, while some clinicians might not wish to 
participate in research dependent on those materials. Consequently, ethicists urge 
that participants be informed of the origins of the transplanted materials (Lo and 
Parham 2010).

Furthermore, a number of stem cell investigations of neurological conditions 
have been launched including for stoke, Parkinson’s, amyotrophic lateral sclerosis, 
pediatric neurodegenerative disease, and brain trauma (McMahon 2014). However, 
because a good deal of this research remains in early Phase I trials, research partici-
pants need to understand the nature and magnitude of risk that is present, especially 
given the difficulty of translating animal research to humans (Solbakk and Zoloth 
2011). The literature on research risks typically observes that once stem cells 
(regardless of their origins) are implanted, they cannot be explanted; they might 
migrate to undesired and undesirable anatomical sites; the risk of oncogenesis can-
not be discounted owing to the use of immunosuppressive medications and the pos-
sibility of cellular mutation; and complications such as seizures, pain, and worsened 
disability have been known to occur (Lo and Parham 2010). Reviewing a stem cell 
study of seven patients with spinal cord injury in China, neurologists from the USA 
noted that inappropriate sites were injected; that one patient suffered life- threatening 
complications including posttransplant meningitis, pneumonia, and gastrointestinal 
bleeding; and that no significant functional improvements could be detected in any 
of the patients (Dobkin et al. 2006). Another case study involving a child who had 
gone to a Moscow stem cell clinic reported that the child developed numerous 
tumors in his brain and spinal cord after receiving the transplants (Amariglio et al. 
2009). Obviously, these kinds of risks are especially real and “more than minimal,” 
prompting ethicists to call for multiple layers of research protections that will be 
discussed below.

6.3.2  Safety Risk in Orthopedic Research Using Mesenchymal 
Stem Cells

Because many stem cell trials in orthopedics not only use adult stem cells but autol-
ogous (self-donated) ones, much of the worrisome risk profile described above is 
increasingly thought to be eliminated. Indeed, various researchers reporting their 
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experience with culture-expanded, adult stem cells have described an exceedingly 
positive safety profile.

Perhaps most compelling is the 2013 report by Hernigou et al. (2013) who fol-
lowed 1873 patients treated from 1990 to 2006 with autologous bone marrow cell 
concentrate. The mean follow-up time was 12.5 years, and the study used magnetic 
resonance imaging and radiography to determine the appearance of cancer at the 
treatment site or elsewhere. The investigators found no tumor formation at the site 
of implantation. Although 53 cancers were diagnosed in other sites, it is unlikely 
that those tumors were treatment related, especially as that number was consider-
ably below what the expected number would be for patients of the age and sex dis-
tribution of the research participants.

Likewise Centeno et al. (2010) found no neoplastic complications among 227 
patients who were treated for various orthopedic conditions with autologous, mes-
enchymal cells. This is not to say, however, that no adverse events occur in such 
procedures, as Centeno et al. (2010) reported seven instances of probable procedure- 
related complications and three cases of possible stem cell complications. Yet, all 
turned out to be self-limiting or were treated with simple therapeutic measures. 
Perhaps this is not surprising as these cells are self-donated and are less likely to 
result in tumor formation. We might additionally mention that some types of mes-
enchymal cells appear to exert a tropic effect on other cells in the environment that 
is believed to promote tissue repair (Bahney and Miclau 2012). Also, autologous 
cells are manipulated considerably less than iPSCs such that the likelihood of con-
tamination via procedure is probably dramatically reduced.

Nevertheless and as attested to by other articles in this volume, many details 
using these stem cells are unknown and need to be perfected, including choosing the 
best source for deriving them (which might vary depending on the pathology being 
treated), standardizing the optimum number of cells to inject and timing the injec-
tions, standardizing protocols for extracting and expanding stem cells from their 
original cellular environments, and standardizing the injection protocols themselves 
(Mautner and Blazuk 2015; Sepulveda et al. 2015).

6.3.3  The Reasonable Person Standard

A popular standard that ethicists have urged for determining the scope and content 
of informed consent communications is the “reasonable person” standard, meaning 
that disclosure of information should include what a “reasonable and prudent” per-
son would wish to know, especially as that information might affect his or her deci-
sion to undergo some kind of treatment (Beauchamp and Childress 2013). However, 
because research trials with humans typically do not hold out therapeutic promise 
or value in their early stages but rather begin with determining safety without prom-
ising benefit, the informed consent process in research tends to be more scrupulous 
than it does in clinical care (Magnus 2010). As in any research trial, because human 
participants are being used as a means to gain generalizable knowledge rather than 
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being treated as ends in themselves, the professional’s duty to protect their auton-
omy is pronounced, especially given the inherent uncertainty of the research under-
taking. Ethicists have pointed out that if the likely harms from participating in a 
stem cell trial are similar to the outcomes of the disease process itself, then the 
information gained from trial participation would have to be immensely useful to 
justify enrollment; otherwise, the trial should not proceed (Magnus 2010).

Of course, in clinical research in general, reasonable steps need to be taken to 
ameliorate the possibility of “therapeutic misconception,” where participants might 
misconstrue a clinical trial as holding out a therapeutic benefit when it does not. 
Table 6.1 lists various items that are recommended in informed consent discussions 
with research participants in stem cell trials, and as will be discussed below, the 
specifics of an informed consent discussion will be heavily dependent on the con-
textual specifics and aims of the research trial itself (National Institutes of Health 
2009; Hyun 2014; Kimmelman 2010).

Table 6.1 Informed consent elements in stem cell research (National Institutes of Health 2009; 
Hyun 2014; Macklin 1999)

Investigators should:
• Insure the participant’s decision capacity and voluntariness regarding trial participation
• Describe the source or origin of the cells that will be used
•  Confess uncertainty about the “fate” of the cells posttransplant, i.e., regarding the possibility 

of tissue rejection, undesirable cellular proliferation and migration, and tumor formation
•  Describe other risks associated with the intervention such as those that are typically disclosed 

in neurosurgery
•  Explain that the undertaking is experimental, i.e., intended to gain knowledge rather than 

intended to produce a therapeutic benefit
• Go over and explain the consent form’s wording and vocabulary
•  Characterize the intervention itself, explain its rationale, and admit that its long-term health 

effects are unknown
• Describe how “quality of outcome” is understood and will be measured
• Describe the study’s adverse event reporting process
•  Discuss the participant’s likely need of long-term, invasive follow-up and that participants 

have the right to withdraw participation
• Note the uncertainty of long-term efficacy, even if a favorable outcome initially occurs
•  Admit that the majority of stem cell participants have thus far not received a therapeutic 

benefit from their trial participation
•  Note if the intervention is in early Phase I trials, it has never been used among persons, or it 

has been used in only a few
•  Inform participants of the availability of participant advocates, clinical trial coordinators, and 

other personnel involved in the study
•   Assess what the participants have understood, perhaps via post-consent quizzing or 

extended conversation
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6.3.4  Whom to Recruit and When to Intervene?

Because the possibility of serious harm befalling research participants in stem cell 
trials is well recognized and because the probability and magnitude of that harm 
might not be well known—often owing to a wide “translational gap” between non-
human and human stem cell studies (Kimmelman 2010; Hess 2012)—clinical 
researchers may find themselves with a number of vexing decisions regarding their 
selection of subjects in Phase I trials. For example, some ethicists have urged that 
early Phase 1 stem cell trials only enroll participants for whom no current treat-
ments are available, primarily because those trials pose the possibility of serious 
risk materialization that cannot be justified if some therapeutic remedy is available 
(Magnus 2010). The problem with that suggestion, however, is that in the process of 
exhausting the spectrum of standard clinical treatments, a patient’s disease and its 
underlying pathophysiology can become more entrenched and resistant to interven-
tion. Pascale Hess (2012) has reported on just such a scenario involving stem cell 
interventions among children with Batten diseases (infantile or late-infantile neuro-
nal ceroid lipofuscinoses). Although the study’s best case scenario would witness a 
child’s disease process being stabilized, a final report on the study noted that no 
degree of efficacy could be measured, largely because the disease had decimated the 
participant’s brain cells leaving only a limited number of cells left to protect 
(StemCells 2013).

Another problem associated with exhausting available clinical remedies is that 
the disease process might ultimately compromise the individual’s capacity to give 
informed consent. While some study protocols might accept the consent of a legally 
authorized person to serve as a proxy for the individual, other studies might be 
required by their IRBs to only proceed with the participant’s consent (HHS.gov 
Office for Human Research Protections 2009).

Alternatively, individuals who are in the earlier stages of a neurological disease 
might not be ideal candidates if their symptoms are not severe. Research ethicists 
commonly hold that the risk/benefit ratio of a risky trial requires enrolling sicker 
patients who are thought to have less to lose in the event of serious complications 
(Hess 2012). Yet, if a particular disease is aggressive and ultimately fatal (such as 
the Batten diseases), then an earlier rather than later intervention would seem rea-
sonable—an observation that only confirms the recommendation of adjusting 
enrollment, interventional timing, and informed consent per contextual parameter 
of a study’s focus and objectives.

It is worth pointing out that participant recruitment in orthopedic trials using 
stem cells can be controversial as well. Decisions over using autologous versus 
allogeneic cells can be difficult, given the (1) age and biological condition of 
patients, (2) their presenting conditions, and (3) the likely (or unpredictable) clinical 
course of their injuries or diseases. Furthermore, orthopedic pathologies can be 
enormously heterogeneous—ranging from modest tissue injury to extremely seri-
ous disease like osteogenesis imperfecta—not to mention the biogenetic uniqueness 
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of each patient and how that uniqueness affects long-term outcomes (Mautner and 
Blazuk 2015; Sepulveda et al. 2015).

In timing a stem cell research intervention, all of these considerations would 
need to be taken into account, which only illustrates the importance of continuing 
research informing weighty ethical decisions at least involving a patient’s disease 
severity, its projected rate of progression, and the participant’s quality of life and (4) 
life expectancy (Hess 2012).

6.3.5  Efficacy Testing in Phase 1 Trials?

Given these decidedly risk-laden considerations which recall the fundamental and 
nonnegotiable duty of protecting research participants from harm, some ethicists 
have recommended that Phase I trials not only test for safety but for efficacy as well 
(Hess 2012; Gilbert et al. 2012). This would mean that these Phase I trials would 
instantiate clinical endpoints along with safety endpoints as part of the protocol’s 
outcome measures. Of course, efficacy must be present in studies that present “more 
than minimal risk” to children (Code of Federal Regulations 2014).

A recommendation of combining efficacy testing with safety testing would 
require that animal studies show compelling and meaningful clinical endpoints that 
better “close” the translational gap between nonhuman and first-in-human studies 
(Kimmelman 2010). Indeed, the Guidelines for the Clinical Translation of Stem 
Cells drafted by the International Society for Stem Cell Research emphasizes that 
efficacy and safety after delivery of the cells need to be previously demonstrated in 
appropriate animal models (National Institutes of Health 2009). Furthermore, the 
validity of any stem cell trial would be in doubt if it fails to provide an adequate 
scientific rationale, has insufficient preclinical evidence of efficacy and safety, fails 
to describe and justify the characteristics of the cells that will be delivered, and fails 
to describe the mode of cell delivery and clinical follow-up (Hyun 2014).

Still for those insisting on closing the translational gap between animals and 
humans, it remains the case that the tissue morphology is different in humans than 
in animal models, disease and healing mechanisms are different, and the neural 
circuitries are different. Furthermore, laboratory-induced injury in animal models 
tends to be much more anatomically uniform and precise than the myriad of ortho-
pedic and neurological injuries (and their underlying pathophysiologies) which 
humans present, while healing and recovery rates are different in humans and ani-
mals. For example, rats have been known to show a much greater degree of sponta-
neous recovery from neurological injury, especially spinal cord injury, than humans, 
whose degree of axonal regeneration required for functional improvement is consid-
erably greater. Last, objectively comparing, assessing, and translating functional 
recovery from animal models to humans—considering that animal species evolved 
their functionalities in an environment of survival challenges much different from 
humans—might require Solomonic wisdom (Magnus 2010).
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6.3.5.1  The “Tragedy of Translation”

These factors have prompted some scholars to characterize “first-in-human” use in 
embryonic stem cell research as a “tragedy of translation” (Solbakk and Zoloth 
2011). Not only do we have a “leap into the dark” with first-in-human trials due to 
the translation gap, but investigators may import their subjective and inevitably self- 
interested judgments in assessing the degree of harm probability and magnitude pres-
ent in a trial. For example, a diagnosis of amyotrophic lateral sclerosis may seem a 
death sentence and prompt patients and their research investigators to recklessly pur-
sue dangerous or unprecedented trials, such as the above instances of “stem cell 
tourism” illustrate. Yet, that decision could turn out to aggravate these patients’ con-
ditions with other maladies and make them worse off than had they done nothing.

In light of these conundrums and the fact that functional recovery in humans 
enrolling in stem cell trials would probably not be evident for months or even years, 
some ethicists have recommended a duty of “fidelity” from the research community 
(Solbakk and Zoloth 2011). Such a duty would entail an abiding relationship, akin 
to the kind witnessed in prolonged courses of clinical treatment, that would be 
extended to research participants. Adding a duty of fidelity to the extant duty of 
nonmaleficence would alter the traditional understanding of research participants 
being “used as a means” to confirm a hypothesis or gaining generalizable knowl-
edge to treating participants as ends in themselves who require a degree of under-
standing, care, and empathy that extends beyond the traditional investigator-participant 
relationship.

6.3.6  Sham Surgery?

A very interesting problem in designing stem cell trials in both neurologic and ortho-
pedic research concerns the search for a realistic placebo, given the dramatic nature 
of these interventions. Some researchers oppose a sham surgery placebo (where burr 
holes or incisions are made into the body) as unnecessary and a needless invitation 
to increased risk, especially as functional recovery from stem cell implantation 
requires a much longer time than placebo-related benefits typically last (Macklin 
1999). Other scholars argue that a placebo control nevertheless heightens the rigor of 
the study, especially if participants are receiving or undergoing other interventions 
such as exercise (Lo and Parham 2010). They worry that the absence of placebo 
controls would invite an unacceptably high risk of false-positive findings not to men-
tion, of course, that double blinding would be impossible (Kim et al. 2005).

The issue is of particular interest in orthopedics. In a review of sham surgery in 
orthopedics, Mehta et al. (2007) favored a sham intervention if skepticism existed 
over the therapeutic value of a treatment (especially versus a placebo), the benefits 
of the intervention might be due to the “experience of surgery” or to postoperative 
care, no superior therapy was available, and the sham surgery risks were reduced as 
much as possible. These observations recall Sihvonen et al.’s (2013) study of 146 
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patients, 35–65 years of age, who had knee symptoms consistent with a degenera-
tive medial meniscus tear and no knee osteoarthritis. The patients were randomly 
assigned to arthroscopic partial meniscectomy or sham surgery. The investigators 
reported that the outcomes after arthroscopic partial meniscectomy were no better 
than those after a sham surgical procedure. Of course, research participants enrolled 
in a trial that includes a sham surgery arm must be informed of such, so it is some-
what reassuring that at least one study of patients with Parkinson’s disease reported 
that the majority were willing to participate in such a trial (Frank et al. 2008).

In any event, implementing a sham surgery control will require as much risk 
minimization as possible, which would primarily focus on reducing infection and 
anesthesia risks. Prudence might additionally dictate that Phase I and II studies use 
the best medical therapy available in control groups, while Phase III trials incorpo-
rate placebo surgery. Hurst et  al. (2015) has raised interesting questions as to 
whether a (placebo) intracranial injection might itself affect the natural course of 
certain neurological disorders like Parkinson’s. Nevertheless, she believes that the 
degenerative but prolonged course of certain diseases like Parkinson’s seems to 
argue for a late stage, Phase III sham surgery so as to decisively counter concerns 
over controlling for a placebo effect and for effects from other treatments that 
patients will likely be having.

6.4  Hype and Monitoring Stem Cell Trials

6.4.1  Hype

Investigators doing stem cell research face critical ethical responsibilities deriving 
from the way such trials are highly innovative, little research experience among 
humans exists, and patients are sometimes enrolled with serious, untreatable disease 
and are desperate to try anything. Yet and despite the “frontier” quality of this 
research (Magnus 2010), commentators have complained that Phase I trials in gene 
transfer research—another frontier technology—have sometimes used misleading 
language that conveyed a hope of therapeutic benefit to prospective participants, 
e.g., “In this study, a team of physicians, and scientists will treat your [disease] by 
delivery of a pair genes to your [organ]” (Kimmelman and Levenstadt 2005) or 
“The investigators hope that gene therapy will be an effective treatment for your 
disease” (King et al. 2005). Of course, in neither instance was the clinical treatment 
of the research participant’s disease the fundamental object of research concern. 
The phenomenon of “stem cell tourism” is particularly on point in that at least one 
study described how many of these clinics exaggerate the benefits of their therapies 
and dismiss associated risks (Lau et  al. 2008). Perhaps not surprisingly, none of 
these clinics volunteered to an adequate peer review of their products’ scientific 
rationale, safety, or efficacy (Hyun 2014).
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Although clinical investigators may have learned to confine their reports to pre-
cisely what they have discovered and can scientifically demonstrate, innovative 
research can witness additional voices that don’t always exhibit such restraint. 
Venture capitalists, for-profit technology development centers, disability advocates, 
and especially journalists might misunderstand, exaggerate, or distort investigators’ 
findings that then shape public opinion. Given the likelihood that some desperate 
orthopedic and neurological patients may fall prey to reports that exaggerate 
research findings, investigators should take pains to explain their findings precisely 
and anticipate and correct misunderstandings. To the extent that scientific hype goes 
unaddressed, one can only expect a diminished trust in the scientific enterprise and 
an erosion in its claim to integrity.

6.5  Monitoring

An appropriate review and monitoring of neurological stem cell trials is ethically 
required to protect participants, assure the integrity of data, and protect institutions 
involved in the research. Investigators performing stem cell research, whether it is 
publicly or privately funded, are encouraged and sometimes required by their institu-
tion’s institutional review board to have their proposals reviewed and approved by 
the Stem Cell Research Oversight (SCRO) committee (National Institutes of Health 
2009). Such committees are usually comprised of an interdisciplinary team of pro-
fessionals including scientists, ethicists, legal experts, and community members. Not 
only do such committees pay considerable attention to the quality of the informed 
consent process, but they also examine and assess safety issues such as cell process-
ing and manufacture, standards for preclinical testing using animal models, fair and 
transparent enrollment procedures, the scientific rationale of the protocol, the trans-
latability of in vitro and in vivo preclinical studies, and the risk of unexpected cell 
function, migration, proliferation, and tumorigenesis (Hyun 2014; Sugarman 2010). 
Obviously, committee members need to boast considerable expertise in stem cell tri-
als and, as much as possible, be immune from conflicts of interest.

A significant monitoring problem concerns the coordination of monitoring sites, 
which can include an institution’s IRB, a SCRO, and the FDA. Furthermore, some 
institutions might insist on additional and more refined reviews that, for example, 
will scrutinize a proposal’s ethical implications and conflict of interest dimensions. 
Lo and Parham (2010) have suggested that institutions might consider a stem cell 
monitoring model akin to the Recombinant DNA Advisory Committee (RAC) that 
the NIH developed for gene transfer research. RAC review is required by the NIH 
for investigators using NIH funding or using vectors or transgenes developed with 
NIH funding. They are comprised of national experts in relevant scientific fields and 
occur in addition to IRB and FDA review. The emphasis of the RAC review is 
 typically on the protection of research subjects including their selection, dose esca-
lation, and selection of safety endpoints (Lo and Parham 2010).
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Another monitoring model is the Centralized IRB Initiative (CIRB) developed by 
the National Cancer Institute (NCI). CIRBs typically review multisite oncology trials 
and provide facilitated reviews. IRBs can approach CIRBs for such a review and use 
it to inform how they will proceed, e.g., require a full IRB review or accept the CIRB 
review. The goal is to avoid duplicative reviews that can delay IRB approval. 
Furthermore, a centralized review entity, like the CIRB, can provide a highly reliable, 
consistent review; have greater transparency than local, individual IRBs; and espe-
cially deploy the benefits of an institutional memory of prior proposals, their strate-
gies, challenges, resolutions, and follow-up considerations (Lo and Parham 2010).

6.6  Innovative Stem Cell Therapies Outside of Clinical Trials

Securing an ethically and institutionally adequate system of monitoring is height-
ened by FDA changes permitting a “compassionate use” and off-label prescribing 
of FDA-approved stem cell products (Hyun 2010). The FDA has enacted these 
allowances to improve access to investigational drugs for patients with serious life- 
threatening disease who lack therapeutic options. Physicians can request FDA per-
mission to administer stem cell products as long as they are being tested elsewhere 
in a clinical trial and as long as such use will not interfere with research investiga-
tions. Importantly for monitoring purposes, however, physicians requesting 
expanded access must submit an application that describes the rationale for intended 
use, patient selection criteria, a description of the manufacturing facility, the method 
of administration to the patient, toxicology information, and assurance of IRB 
approval (Hyun 2010).

Notice that the intention in either compassionate use or off-label prescribing is a 
therapeutic one and is not considered research, even though the FDA requires IRB 
approval. Ethicists therefore worry as to whether local IRBs will have the expertise 
to perform such reviews, especially as the interventions involve the administration 
of innovative therapies. Obviously, the basic activity of an IRB is to evaluate and 
assure sound research, not patient care. Consequently, additional levels and variet-
ies of review seem to be required in instances of stem cell interventions outside of 
the parameters of clinical trials, given the host of ethical vagaries of stem cell inter-
ventions present. Centeno and Bashir (2015) describe some of the ethical and regu-
latory challenges that almost inevitably beset frontier research in ways that blur the 
definitions of what is or isn’t a “drug,” medical practice versus research, and off- 
label or compassionate use prescribing.

6.7  Conflict of Interest

It would be extraordinarily naïve to think that investigators who are developing stem 
cell research technologies are blissfully unaware of the intellectual property rights 
their inventions and discoveries represent, along with the marketplace valuations 
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their technologies or deliverables might attract. Because the last half-century has 
witnessed the emergence of the entrepreneurial scientist, massive (and, many think, 
oppressive) regulatory measures have been implemented by institutions conducting 
such research to insure that investigators’ “conflicts of interest” are managed in 
ethically acceptable ways.

“Conflict of interest” is a term of art that characterizes a situation wherein a pro-
fessional’s secondary interests may compromise his or her primary interests 
(Thompson 1993). While these secondary interests can include friendship consider-
ations, career advancement, or funding competition, they usually involve the poten-
tial promise of significant financial gain that can mar or obscure an individual’s 
primary obligations (Schofferman and Banja 2008). In matters of research, those 
primary obligations at least include protecting the welfare of research participants, 
the integrity of research data, and the integrity and reputation of the investigator’s 
institution (AAMC 2008).

Imagine the kinds of conflicts a clinician-researcher who is evolving a novel drug 
or device that has enormous market potential might encounter. The urge to present 
his or her data, discoveries, or inventions in the best light possible might be immense, 
such that the investigator might be tempted to enroll only those participants who 
will likely exhibit the best outcomes, fail to inform them about the risks inherent in 
trial participation so as to ensure their enrolling, fail to disclose his or her potential 
for economic gain, “torture” (or, worse, falsify or fabricate) data such that they 
impress with remarkably compelling findings, or simply overstate what the data 
actually show, reminiscent of the above discussion on hype.

While a treatment of these issues exceeds the scope of this article, we can note 
that institutions typically implement a number of management strategies when such 
conflicts are perceived. Usually, these strategies are calibrated according to the 
intersection of the investigator’s potential material gain, the investigator’s proximity 
to and involvement in the research activity itself, and the stage or maturity of the 
project’s development (AAMC 2008). Thus, a clinician-scientist who owns a sub-
stantial equity in a stem cell start-up company might become tremendously wealthy 
from a successful product, but if he or she is entirely removed from the research 
endeavor itself, there is no conflict to be managed. Conversely, the investigator who 
resides in the research trenches and is enrolling subjects, doing informed consents, 
collecting and analyzing data, etc., but who has no financial interest whatsoever in 
the outcome would likewise have no conflict. Also, an investigator who has much to 
gain from a research project in which he or she has a substantial financial interest 
but is engaged in very basic (or “immature”) research that must proceed well into 
the future before anything of marketplace value materializes would be deemed to 
have only a modest conflict if any. Consequently, only when the potential of  personal 
or material gain significantly intersects with the researcher’s performance of his or 
her research responsibilities will a formal or institutional concern about a conflict of 
interest arise (AAMC 2008).

The most common regulatory practices an institution imposes on conflicted sci-
entists include requiring the latter to declare their conflict of interest to participants 
and on publications. Sometimes, conflict of interest committees might limit 
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(or prohibit) the investigator’s role in enrolling or consenting patients, gathering or 
interpreting data, or writing up research findings. Also, it is not uncommon for 
academic institutions to appoint independent reviewers to oversee a research proj-
ect whose investigators might witness conflicts of interest, while in the most pro-
nounced cases, an institution might insist that an investigator place his or her 
equity in escrow, take a leave of absence to do the research, divest his or her cor-
porate interest, or even sever involvement with that conflict originating corporation 
(AAMC 2008). Although researchers are known to bristle at such regulatory mea-
sures—since they typically deny the possibility of succumbing to any influences 
that would compromise their scientific objectivity or their duty to protect research 
participants—there is an abundance of literature attesting to the power of such 
variables to compromise one’s objectivity (Brody 2007). The best response from 
investigators is to manage their conflicts in a regulatory compliant fashion and, 
perhaps and paradoxically, take a certain amount of pride in those conflicts as 
indicative of a career that represents both scientific as well as material success.

6.8  Conclusion: Chimeras, Social Justice, and Living 
Forever

While the above provides an overview of the more salient dimensions of ethical 
considerations in clinical stem cell trials, many other problems persist whose dis-
cussion exceeds the scope of this article. For example, while the above mentions 
the pressing problem of closing the translational gap such that we should only 
undertake first-in-human trials upon securing “adequate” scientific and method-
ological confidence from animal research, it nevertheless omits the “animal rights” 
argument as to whether animals should be used at all in any kind of research. 
Furthermore, research that combines stem cell with genetic transfer research result-
ing in “chimeras” poses unprecedented ethical problems wherein animals may 
acquire human traits or capacities that raise the possibility of them acquiring moral 
status (Robertson 2010).

There is also a clutch of justice problems attaching to stem cell research, which 
are shared with other types of innovative research that promise enormous benefit. 
For example, especially when stem cell interventions evolve into standard therapies, 
will a disturbingly large number of persons be denied access to these technologies 
based on their cost? Will certain groups of persons having access to these technolo-
gies exploit them and create a wider gap between the functional haves and have 
nots? Will that seeming injustice also translate into a marketplace developing around 
“choice” embryonic cells especially affecting women who can donate their eggs? 
Notwithstanding the abovementioned concerns over the moral repugnance directed 
at creating human embryos solely for research purposes, possible harms to women 
who may be tempted by the income potential of egg donation include risks associ-
ated with ovarian hyperstimulation, the long-term risks of cancer caused by repeated 
ovulation attempts, and the risks of surgical retrieval (George 2007).
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Of course, it is hardly beyond the pale that as stem cell therapies evolve for the 
treatment of lost, diminished, or declining function, they will also be used for the 
enhancement of “normal” functioning. These technologies will be functionally 
regenerative or enhancing in the sense of enabling optimal, possibly staggering, 
functional performance for an indefinite, perhaps limitless, period of time. Stem 
cells may ultimately serve as a “parts replacement” if not “refinement” technology 
where, as mentioned in the introduction of this essay, virtually any organ system can 
be restored to a reasonable if not astonishing functional level. And when the day 
comes that stem cell interventions can be combined with gene transfer or gene mod-
ification therapies, not only living without end becomes theoretically possible, but 
so too does enjoying functional levels that one’s original DNA could not provide.

These will be among the ethical challenges confronting future generations. 
Presently, stem cell research is in its infancy, and, if we have learned anything from 
gene transfer research, these kinds of innovative technologies require more labor, 
thoughtful ethical analyses, patience, and financial investment than was originally 
supposed. It also seems likely that “frontier” research in the twenty-first century 
will be depressingly slow, highly multidisciplinary, and technically difficult to do 
well. Yet, it seems preposterous to think that once certain kinds of stem cell inter-
ventions yield significant and meaningful functional results, humans won’t exert a 
relentless and unstoppable demand for them, regardless of their cost and ethical 
complexity. At that point, we can only hope that clinicians and potential stem cell 
consumers will be able to exercise a sufficient degree of rationality and ethics in the 
use of stem cell therapies, lest they invite even greater problems and burdens than 
anyone could ever imagine.
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Chapter 7
New Regulatory Pathways for Stem Cell- 
Based Therapies: Comparison and Critique 
of Potential Models

Barbara von Tigerstrom

7.1  Introduction

The regulation of stem cell-based therapies is challenging in many respects. The 
relevant science is complex and rapidly evolving, and traditional regulatory frame-
works need to be adapted to address their unique safety, efficacy and quality issues. 
At the same time, public interest in obtaining faster access to these innovative thera-
pies has led some to question the appropriateness and even the legal authority of US 
Food and Drug Administration (FDA) regulation of stem cell-based therapies, while 
others urge strict regulation and stronger enforcement. Given these tensions and the 
complexity of these therapies, it is difficult to find a regulatory balance that will 
adequately promote safety, efficacy and quality while at the same time allowing 
responsible innovation and access to therapies. Although FDA’s authority to regu-
late in this area was reaffirmed by a court decision, debate continues as to whether 
and how it should exercise this authority.

Within the context of this broader debate, this article examines recent attempts in 
other jurisdictions to craft specific provisions allowing additional flexibility in regu-
lating cell and tissue therapies. Europe now has a specialized regulation for “advanced” 
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therapies, including cell therapies, and in particular a specific exemption, known as 
the “hospital exemption”, which was intended to leave room for small-scale innova-
tions to be regulated at a local level. At first glance, at least, this approach seems to be 
an attractive model for countries like the United States and Canada. Another model 
can be found in Australia, which exempted certain cell and tissue therapies from the 
regulatory scheme for biological products that was adopted in 2011. The discussion 
that follows will explore these examples and the lessons that can be drawn from them 
for the North American context.

7.2  Regulation of Stem Cell-Based Therapies in North 
America

7.2.1  Overview of Regulatory Framework

Under US law, stem cell-based therapies would be considered “human cells, tissues, 
or cellular or tissue-based products” (HCT/Ps), which are defined as “articles con-
taining or consisting of human cells or tissues that are intended for implantation, 
transplantation, infusion, or transfer into a human recipient” (21 CFR § 1271.3(d) 
(2015)). These are divided into two main categories, known as “Section 351” and 
“Section 361” HCT/Ps. (Public Health Service Act, ch. 373, §§ 351, 361, 58 Stat. 
682, 702–03 (1944), codified as amended at 42 USC §§ 262(a), 264 (2012)). Section 
361 HCT/Ps are subject only to the requirements in the HCT/Ps regulations, which 
include establishment registration and product listing, donor eligibility and current 
Good Tissue Practice (cGTP), while Section 351 HCT/Ps must also comply with 
these requirements but are subject to additional regulation as drugs or biological 
products.

Generally, any article or substance that is intended for a diagnostic or therapeutic 
purpose or intended to affect bodily structure or function is a “drug” as defined in 
the Federal Food, Drug, and Cosmetic Act (FDCA) (21 USC § 321(g)(1) (2012)). A 
cell therapy product would meet the definition of a drug and is also considered a 
biological product, which is defined in the Public Health Service Act (PHSA) to 
include “a virus, therapeutic serum, toxin, antitoxin, vaccine, blood, blood compo-
nent or derivative, allergenic product, protein … or any analogous product… appli-
cable to the prevention, treatment, or cure of a disease or condition of human beings” 
(42 USC § 262(i)(1) (2012)). Both drugs and biological products are subject to strict 
controls in the form of premarket authorization and quality standards. In the case of 
a biological product, a biologics license must be approved before the product can be 
marketed, and this requires evidence (obtained from preclinical testing and clinical 
trials) that the product is “safe, pure and potent” (Public Health Service Act, ch. 
373, § 351, 58 Stat. 682, 702 (1944), codified as amended at 42 USC § 262(a) 
(2012)). In addition, manufacturers of drugs and biological products are required to 
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comply with current Good Manufacturing Practice (cGMP) standards (21 USC § 
351(a)(B)).

In order to qualify as a Section 361 HCT/P, a product must:

• Be only minimally manipulated
• Be intended for homologous use (i.e., intended to perform the same function in 

the recipient as in the donor)
• Not be combined with another drug or device
• Not have a systemic effect or depend on the metabolic activity of living cells for 

its primary function, unless it is for autologous use or allogeneic use in a first- or 
second-degree relative or for reproductive use (21 CFR § 1271.10(a) (2015))

All of these criteria must be fulfilled for a product to be classified as a Section 
361 HCT/P, so whenever the cells are more than minimally manipulated, for exam-
ple, the product will be subject to the more extensive regulatory requirements appli-
cable to drugs and biological products. Minimal manipulation is defined as 
“processing that does not alter the relevant biological characteristics of cells or tis-
sues” (21 CFR § 1271.3(f)(2)). A recent draft guidance document indicates that 
FDA interprets this to mean that expansion of cells in culture or processing of adi-
pose tissue to isolate cellular or nonstructural components would be more than 
minimal manipulation (United States Food and Drug Administration 2014a, b). 
Another recent draft guidance document aims to clarify the meaning of “homolo-
gous use” (United States Food and Drug Administration 2015). The regulations do 
not generally distinguish between autologous use (in the same individual from 
which the cells or tissues were removed) and allogeneic use (in a different human 
individual), but autologous use during the same surgical procedure is exempt from 
the regulations (21 CFR § 1271.15(b)). A 2014 draft guidance document states that 
three criteria must be met for this exemption to apply: the HCT/P must be implanted 
into the same person from whom they were removed, the implantation must take 
place within the same surgical procedure (usually understood as a single operation) 
and the HCT/Ps remain in their original form, without processing other than rinsing, 
cleansing and sizing (United States Food and Drug Administration 2014c).

Only Section 351 HCT/Ps, which are more than minimally manipulated and/or 
intended for non-homologous use, are subject to the full range of FDA requirements 
including authorization of investigational use in clinical trials, premarket approval 
based on clinical trial data and compliance with cGMP. Even within this classifica-
tion, various forms of flexibility are available, as they are with any other drug or 
biologic. For example, it is possible to apply for “expanded access” to investiga-
tional drugs for individual patients or groups of patients with serious or life- 
threatening diseases or conditions (United States Food and Drug Administration 
2016c). There are also several mechanisms to expedite approval of drugs and bio-
logical products for serious conditions (United States Food and Drug Administration 
2014d).

7 New Regulatory Pathways for Stem Cell-Based Therapies: Comparison and Critique…



176

7.2.2  Concerns and Proposals for Change

Critics of the current US regime have argued that FDA cannot or should not con-
tinue to exercise authority over all stem cell-based therapies, especially autologous 
therapies. Some argue that the relevant legislation should be interpreted in a way 
that would significantly narrow FDA’s authority in this area. The current position 
depends on the interpretation of the term “drug” as including cell and tissue thera-
pies and the scope of FDA authority under the federal power over interstate com-
merce and the PHSA. These questions were considered in litigation between FDA 
and a clinic formerly known as Regenerative Sciences (now the Centeno-Schultz 
Clinic) regarding a treatment called Regenexx-C, which involved the injection of 
cultured autologous mesenchymal stem cells (MSCs) for various orthopaedic pur-
poses (von Tigerstrom 2011; Chirba and Garfield 2011; Drabiak-Syed 2013; 
Pivarnik 2014). FDA classified this treatment as a drug and biological product. It 
sought to enjoin the clinic from selling a product that it considered to be misbranded 
and adulterated because of the clinic’s failure to comply with labelling and quality 
requirements. The clinic challenged FDA authority to regulate this product, arguing 
that it was not a drug or biological product, but constituted the practice of medicine, 
over which FDA has no jurisdiction. However, its arguments were rejected both by 
the District Court (United States District Court for the District of Columbia 2012) 
and by the D.C. Circuit Court of Appeals (United States Court of Appeals for the 
District of Columbia Circuit 2014).

In a decision rendered in February 2014, the Court of Appeals held that the mix-
ture of cells and other substances used in the Regenexx-C therapy fell within the 
definition of a drug on its plain meaning and that this conclusion was not affected 
by the fact that there was also a procedure used to administer the mixture or that 
FDA regulation does affect medical practice through its control of the availability of 
drugs. Furthermore, the court ruled that jurisprudence on the Commerce Clause and 
the relevant statutory provisions (the PHSA and FDCA provisions described above) 
supported FDA regulation of the mixture even though it was only used within the 
State of Colorado. Finally, the court rejected arguments that the Regenexx-C ther-
apy should be exempt from labelling and manufacturing requirements. The record, 
including the appellants’ own concessions, showed that expanding the cells in cul-
ture did affect their characteristics and, therefore, constituted more than minimal 
manipulation; accordingly, classification under 21 CFR 1271(10)(a) was not avail-
able. The application of the Part 1271 Regulations to autologous stem cell therapies 
was upheld, since, contrary to the appellants’ claim, there was evidence that these 
do carry a risk of transmission of communicable diseases.

The appeal decision in this leading case seems to settle the major questions that 
have been raised about the scope of FDA authority in this context. However, some 
also argue that FDA should not exercise authority over these products, even if it can 
lawfully do so, or that significant changes to the regulations applied by FDA are 
needed (Chirba and Garfield 2011; Pivarnik 2014; Bipartisan Policy Center 2015). 
Recommendations include general suggestions that the regulatory regime should be 
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more flexible or that stem cell-based products—at least autologous products—
should not be subject to the usual requirements for drugs or biologics, including 
premarket approval based on clinical trials (Chirba and Garfield 2011; Epstein 
2013; Freeman and Fuerst 2012). Some argue that autologous therapies should be 
removed from the scope of the PHSA altogether or that they should not be regulated 
by FDA at all (Chirba and Garfield 2011; Epstein 2013). Another suggestion is that 
all autologous cell therapies should be regulated as Section 361 HCT/Ps, which 
would mean that they would still be subject to the regulations that are directed at 
minimizing communicable disease risk but would not require premarket approval 
(Pivarnik 2014).

One proposal that seems to be gaining some traction in the USA is the creation 
of a new regulatory pathway for regenerative medicine therapies that would allow 
for conditional approval based on preliminary evidence. Caplan and West (2014) 
propose a new “progressive approval” regulatory pathway for promising new regen-
erative medicine therapies, which would allow approval subject to post-market tri-
als for efficacy. A similar proposal was put forward in a recent report of the 
Bipartisan Policy Center (2015) and taken up in a bill introduced in the US Senate 
in the spring of 2016 (United States Senate 2016). This new regulatory pathway 
would allow cell therapies to receive conditional approval for a fixed period (5 years 
in the Senate bill), based on preliminary evidence of safety and “a reasonable expec-
tation of effectiveness”, without doing phase III trials. During the period of condi-
tional approval, the sponsor would be required to submit regular reports and an 
application for marketing approval (Bipartisan Policy Center 2015; United States 
Senate 2016). Those providing the therapies to patients under a conditional approval 
would be able to be reimbursed (Bipartisan Policy Center 2015), unlike expanded 
access or clinical trials, in which patients are provided with experimental treatments 
free of charge or on a cost-recovery basis (United States Food and Drug 
Administration 2016a).

In support of proposals for reform, critics argue that clinical trials (often assumed 
to be large-scale double-blind trials, similar to what would be required for pharma-
ceutical products, although most trials of cell-based therapies are quite small) are 
too slow and cumbersome, are inappropriate for testing these products and would be 
prohibitively expensive for the small operations that are developing many autolo-
gous therapies (Epstein 2013; Chirba and Garfield 2011; Caplan and West 2014). 
Instead, Epstein suggests that innovation should proceed through “large amounts of 
trial and error” and allowing “entrepreneurs (including physicians and surgeons) to 
take their best shot at a particular problem” without centralized oversight or control 
(Epstein 2013). The Bipartisan Policy Center report (2015) argues that allowing 
physicians to provide and be reimbursed for therapies supported by preliminary 
evidence will lower “financial barriers to entry” to the field, thereby “increasing the 
pace of innovation”. Regulatory requirements imposed by FDA are seen to be 
impeding innovation by physicians and access to new therapies by patients (Chirba 
and Garfield 2011; Bipartisan Policy Center 2015). The requirement to comply with 
cGMP is also said to be unduly onerous in this context (Freeman and Fuerst 2012; 
Centeno et al. 2011).
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It is difficult to gather empirical evidence that would support or refute these 
claims that FDA regulation is impeding innovation or access in the area of stem 
cell- based therapies. It has been suggested that certain types of stem cell-based 
therapies, such as those for neurological diseases like Parkinson’s disease, may not 
be well suited to the traditional clinical trials model (Hyun 2010; Lindvall 2012), 
such that their development could be impeded if the regulatory requirements are not 
sufficiently flexible. The experience of Geron’s abandoned clinical trial of a human 
embryonic stem cell-based product for spinal cord injury could also be taken to sup-
port arguments that the delay and expense associated with clinical trials pose a sig-
nificant hurdle to development in this context (Baker 2011; Hayden 2014).

Another argument is that, given the nature of these products and the risks associ-
ated with them, local regulation of medical professionals and facilities is sufficient 
and more appropriate than federal regulation of the products themselves. Pivarnik 
(2014) suggests that a central rationale for FDA regulation, the information asym-
metry between the provider and recipient of a treatment, is less of a concern in the 
context of autologous stem cell therapies, because they do not involve mass manu-
facture but a direct relationship between doctor and patient. Similarly, Freeman and 
Fuerst (2012) distinguish between an “individual consented risk”, which typically 
exists in the context of medical procedures and requires informed consent by a 
patient following disclosure by the treating physician, and “mass production risk”, 
where FDA regulation is relied upon by the physician and patient to ensure that mini-
mal standards have been met. The risks associated with procedures used to harvest 
or implant cell and tissue therapies and contamination or quality issues in the facili-
ties where they are processed are said to be similar to other medical procedures, 
which fall outside FDA authority, and more appropriately dealt with through local 
regulation (Chirba and Garfield 2011; Epstein 2013; Centeno et al. 2011). Regulation 
of medical professionals and facilities at the state level, along with potential tort 
liability in the event of injury to patients, could address many of the same risks to 
which FDA regulation is directed (Epstein 2013; Freeman and Fuerst 2012).

There has been much less controversy surrounding the regulation of stem cell- 
based therapies in Canada, where the regulatory structure is broadly similar to that 
of the USA, in that it includes a category of “cells, tissues, and organs” analogous 
to HCT/Ps and regulates products that are more than minimally manipulated or for 
non-homologous use as biologics (von Tigerstrom et al. 2012; von Tigerstrom and 
Schroh 2007). However, some have suggested that existing regulations may be too 
restrictive and that greater flexibility is required, in particular to balance the risks 
associated with novel therapies with the risks already facing seriously ill patients 
who have few other options (von Tigerstrom et al. 2012).

Although there are a number of outspoken critics of the current regulatory 
approach, there are also many voices supporting this approach and even calling for 
stricter enforcement (International Society for Stem Cell Research 2013; 
International Society for Stem Cell Research 2016a, Sipp and Turner 2012; Bianco 
et al. 2013; Lysaght et al. 2013), arguing that rigorous regulation is necessary and in 
fact serves the interests of both patients and those developing new therapies. They 
point to the harms that are caused by allowing unproven therapies to be marketed to 
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patients without adequate oversight, including risks to patients’ safety and the 
potential for financial exploitation when patients pay large sums of money for thera-
pies of dubious value (Enserink 2006; McLean et al. 2014; Bianco and Sipp 2014; 
Bianco et  al. 2013; International Society for Stem Cell Research 2013). Recent 
examples of serious harms suffered by patients following stem cell-based therapies 
have added weight to these concerns (Sweet 2016). Studies have shown that many 
clinics are making unsubstantiated claims about their products’ safety and efficacy 
(Lau et al. 2008; Regenberg et al. 2009; McLean et al. 2014; Bianco et al. 2013; 
Turner and Knoepfler 2016) and that public perceptions and expectations about 
stem cell therapies are often out of step with current scientific evidence (Bubela 
et al. 2012). Although those who advocate for rigorous oversight have been criti-
cized as lacking compassion for patients (Cattaneo and Corbellini 2014), the coun-
terargument is that compassion is only relevant where there is a safe and effective 
therapy being offered (Bianco et al. 2013). Criticism of FDA regulation as a barrier 
to access tends to assume that effective therapies are being kept from patients, but 
there is little basis for this assumption (Nature 2016). Very limited preliminary evi-
dence is sometimes uncritically offered in support of arguments for faster access; 
for example, the Bipartisan Policy Center report advocating for a new conditional 
approval pathway includes small, uncontrolled studies among those cited as demon-
strating the promise of cell therapies (Bipartisan Policy Center 2015).

In addition, many are concerned that allowing ad hoc experimental treatment 
without adequate oversight and outside of well-designed clinical trials will under-
mine the advancement of stem cell science by compromising the legitimacy of field 
and wasting opportunities to generate high-quality evidence in an area where so 
much remains unknown (International Society for Stem Cell Research 2013; Bianco 
et al. 2013; Sipp and Turner 2012; International Society for Stem Cell Research 
2016b). Allowing therapies to be marketed without adequate evidence of efficacy 
undermines the incentive to invest in therapies that are actually effective (Nature 
2016). The enormous potential of stem cell-based therapies can only be realized if 
progress in the field is based on “solid scientific evidence” (Weissman 2012). In this 
view, dispensing with the need for FDA oversight and approval, far from enabling 
progress, would be “a giant step backward” (Weissman 2012).

7.3  Models from Other Jurisdictions

In calling for reform to the US approach, some have pointed to special provisions 
for cell therapies in other jurisdictions as possible models (Bipartisan Policy Center 
2015). For example, one of the proposals for a new conditional approval pathway 
cited recent changes to the regulatory framework in Japan as an example which 
allowed that country to “take the lead” in this field (Bipartisan Policy Center 2015). 
Similar to the new model proposed in the USA (Bipartisan Policy Center 2015; 
United States Senate 2016), the Japanese law allows for conditional approval of 
regenerative medicine products based on preliminary evidence of safety and a 
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reasonable likelihood of clinical benefit, and products are eligible for reimburse-
ment during the period of conditional approval (Sipp 2015).

The new regulatory pathway in Japan is relatively new, with only two conditional 
approvals as of mid-2016 (Konishi et al. 2016). More time will be needed to evalu-
ate its impact, but concerns have already been raised that suggest the USA and oth-
ers would do well to exercise caution in imitating it as a model (Nature 2016). The 
safety of therapies receiving conditional approval may be in question, given that 
preliminary evidence cannot be conclusive of safety and will not take account of 
long-term safety concerns (Sipp 2015). Even if the products are safe, evaluating 
their efficacy during the conditional approval period will be challenging and prone 
to bias (Sipp 2015). The cost of therapies can be reimbursed by the public health-
care system, which may involve patients paying up to 30% of the cost (Konishi et al. 
2016; Nature 2015). It is not clear whether the cost—over US$100,000 for one of 
the first therapies approved—is justified given the limited evidence of efficacy 
(McCabe and Sipp 2016). The new scheme has been said to effectively shift the risk 
and cost of developing new therapies to patients and taxpayers in Japan and to cre-
ate incentives that may actually damage the industry in the longer term (Nature 
2015; Nature 2016; McCabe and Sipp 2016).

Other jurisdictions, notably Australia and Europe, have special exemptions for 
certain types of cell and tissue therapies that have been in place for a number of 
years and have been the subject of recent consultations. Lessons from these experi-
ences could inform debate elsewhere about potential regulatory reforms.

7.3.1  Australia’s Biologicals Framework and the Exemption 
for Autologous Cells and Tissues

In 2011, Australia adopted a new regulatory framework for biologicals, which 
applies to products made from or containing human tissues and cells (Therapeutic 
Goods Administration 2011a). Previously some of these products were excluded 
from regulation, while others were regulated as medicines or medical devices; it 
was believed that those regulations were not “a good fit” due to the “unique proper-
ties and risks” of biological products (Therapeutic Goods Administration 2011a). 
Some cells and tissues, such as blood and blood components or haematopoietic 
progenitor cells (used for haematopoietic reconstitution), are still regulated sepa-
rately (Therapeutic Goods Administration 2011a; Therapeutic Goods Administration 
2011d), but most cell and tissue products used for therapeutic purposes are now 
regulated as biologicals.

Biologicals are divided into four classes, each of which is subject to different 
requirements. The classification is intended to capture varying levels of risk and is 
based on the extent of manipulation involved and the closeness of the intended use of 
cells or tissues to their original biological function (Therapeutic Goods Administration 
2011a). Classes 1 and 2 are the lowest-risk categories. Class 1 biologicals may be 
designated as such by regulation and simply require submission of a statement of 
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safety and compliance with applicable standards (Therapeutic Goods Act 1989 (Cth) 
s 32DA). There are no biologicals designated as Class 1; Trickett and Wall (2011) 
explain that it is “an empty category … previously populated by some fresh products 
which now are defined as excluded products”. Class 2 biologicals are minimally 
manipulated cells and tissues for homologous use; Class 3 are more than minimally 
manipulated (for homologous or non-homologous use) and Class 4 are manipulated 
in a way that alters “an inherent biochemical, physiological or immunological prop-
erty” (again for either homologous or non-homologous use) (Therapeutic Goods 
Administration 2011a). Classes 2, 3 and 4 must be evaluated before registration 
based on a dossier submitted by the manufacturer (Therapeutic Goods Act 1989 
(Cth) s 32DD), which for all three classes will include compliance with GMP 
(Therapeutic Goods Administration 2013a). Classes 3 and 4 are also evaluated for 
safety, efficacy and quality (Therapeutic Goods Administration 2011a); therefore, 
their product dossiers are much more extensive; these two classes essentially form a 
“spectrum … where the position (between Class 3 and Class 4) is somewhat vague 
but … considered on a case by case basis by the TGA”, with the dossier requirements 
increasing according to the perceived level of risk (Trickett and Wall 2011). Donor 
selection and testing standards also apply to all of these classes of human cell and 
tissue products (Therapeutic Goods Administration 2013b).

Even with this flexible, risk-based framework, it was determined that certain 
products should be excluded from the scope of the new provisions. Among the 
excluded goods are “fresh viable human organs or parts of human organs” and 
“fresh viable human haematopoietic progenitor cells” to be used for “direct donor- 
to- host transplantation”, as well as “reproductive tissue for use in assisted reproduc-
tive therapy” (Therapeutic Goods Administration 2011c). In addition, there is an 
exclusion for human cells and tissues that are:

 i. Collected from a patient who is under the clinical care and treatment of a medical 
practitioner registered under a law of a state or an internal territory.

 ii. Manufactured by that medical practitioner or by a person or persons under the 
professional supervision of that medical practitioner, for therapeutic application and in 
a single course of treatment of that patient by the same medical practitioner or by a 
person or persons under the professional supervision of the same medical practitioner 
(Therapeutic Goods Administration 2011c).

According to the Therapeutic Goods Administration (TGA), this exclusion 
“reflects the Australian Health Ministers’ Conference (AHMC) agreement that sin-
gle surgical procedures and medical practice should not be regulated by the TGA” 
(Therapeutic Goods Administration 2011b). It applies to autologous use in a single 
course of treatment for a single clinical indication, which may, however, entail more 
than one dose or administration (Therapeutic Goods Administration 2011b). 
Professional supervision by a medical practitioner “requires that the medical practi-
tioner with primary responsibility for the clinical care of the patient is party to all 
manufacturing steps that are performed in a formal governance arrangement with 
the person or persons undertaking the manufacturing. This would include input into 
the protocols and quality systems used in the manufacturing process” (Therapeutic 
Goods Administration 2011b).
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The exemption means that these products are not subject to any TGA oversight 
whatsoever, leaving protection of patients wholly dependent on the regulation and 
potential liability of medical professionals and facilities. The TGA’s guideline 
document stresses that the exclusion from TGA regulation “has no effect on the 
professional obligations of medical practitioners to maintain satisfactory stan-
dards of practice that are appropriate to their profession”, including standards of 
practice and informed consent requirements (Therapeutic Goods Administration 
2011b). Advertising is also regulated by the health practitioners’ regulatory body 
and under national consumer protection legislation (Therapeutic Goods 
Administration 2011b).

Although this exemption has received far less attention than the European hospi-
tal exemption clause discussed below, it has given rise to significant concerns. 
Unlike the other exclusions (HPC, organs for transplant and reproductive material), 
which relate to established practices “which are already overseen by existing peer- 
review and accreditation processes” (Munsie and Pera 2014), the exclusion of autol-
ogous cells and tissues captures a broad range of uses, some of which are untested 
or unproven and carry potentially significant risks. The original intent of the exclu-
sion was to preserve the boundary between TGA regulation and the medical profes-
sion’s regulation of practice and procedures and apparently to “exempt 
straightforward procedures” such as grafts during surgery (Munsie and Pera 2014). 
However, the exclusion order as presently drafted is very broad—applying to any 
autologous cells and tissues, regardless of the type or degree of manipulation and 
the intended use—and this has given rise to consequences that presumably were 
unintended.

Since 2011, when the new biologicals framework and the exclusion for autolo-
gous cell and tissue products were established, there has been an “exponential” 
growth in private clinics in Australia marketing “stem cell” therapies for a wide 
range of indications, including some serious conditions (Munsie and Pera 2014; 
Munsie and Hyun 2014; Sipp and Turner 2012; McLean et al. 2014; McLean et al. 
2015). The therapies are offered at a significant cost—up to $10,000 or more—but 
are not necessarily supported by medical evidence and are not subject to even mini-
mal quality standards (Munsie and Pera 2014; McLean et al. 2014; McLean et al. 
2015). As many observers have noted, there are risks associated with any unproven 
therapies, including financial exploitation and foregone opportunities for alternative 
forms of treatment or legitimate clinical trials (Munsie and Pera 2014; McLean 
et  al. 2015). Furthermore, the exclusion in Australia could allow even therapies 
involving a high degree of manipulation such as reprogrammed cells (Munsie and 
Pera 2014) and/or non-homologous use, which would carry a significant direct risk 
of harm for patients, to be provided with minimal oversight. In theory, at least, pro-
fessional regulation and potential liability can help to protect patients’ interests in 
such situations (McLean et al. 2014; Lysaght et al. 2013; Zarzeczny et al. 2014), but 
the weaknesses of these, including lack of consistent enforcement and the post hoc 
nature of these mechanisms, are well recognized (Munsie and Pera 2014; von 
Tigerstrom 2011; Zarzeczny et al. 2014; Lysaght et al. 2013; Chan 2013; McLean 
et al. 2015). Certainly, moves to further develop self-regulation such as a proposed 
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code of conduct are welcome (Tuch and Wall 2014), but they are not likely to be 
sufficient to address the concerns that have been identified.

Concerned members of the scientific community in Australia and elsewhere have 
called for stronger enforcement of professional standards and for the exclusion to be 
removed or more carefully tailored (Munsie and Pera 2014; Munsie and Hyun 2014; 
McLean et al. 2014; McLean et al. 2015). A recent coroner’s report on the death of 
a patient following autologous stem cell therapy at an Australian clinic added weight 
to these concerns, recommending consideration of how to manage experimental 
procedures and issues of informed consent and potential conflicts of interest (New 
South Wales Coroners Court 2016). The TGA has begun to respond, holding two 
rounds of consultations on the autologous cell and tissue therapy exemption. The 
first discussion paper, released for consultation in 2015, acknowledged concerns 
regarding safety, lack of evidence of efficacy, cost, lack of adverse event reporting 
and inappropriate advertising (Therapeutic Goods Administration 2015). It pro-
posed five options for regulation, including the status quo or a narrower exemption, 
regulating autologous cell and tissue therapies as various classes of biologicals or 
regulating them under the Act but exempt from registration and manufacturing 
requirements (Therapeutic Goods Administration 2015).

After receiving over 80 submissions expressing a range of views, the TGA 
released a second consultation document in August 2016 (Therapeutic Goods 
Administration 2016). The second paper presented revised options and discussed 
some broader questions such as the definition of “minimal manipulation” and impli-
cations for the biologicals framework as a whole (Therapeutic Goods Administration 
2016). It noted the lack of reliable evidence about the nature of the therapies being 
provided, their efficacy and safety and who was providing them and acknowledged 
that this presented a challenge in terms of identifying a problem; this did not neces-
sarily indicate that there was no problem and the status quo should be maintained, 
however, given international reports of potentially significant risks. Elaborating on 
the risks identified in the 2015 document, it noted that some therapies being pro-
vided involved a significant degree of manipulation and/or higher risk routes of 
administration and that therapies were being offered and advertised with little or no 
evidence supporting efficacy (Therapeutic Goods Administration 2016). The revised 
options address not only the scope of the exclusion and form of regulation but also 
whether advertising would be permitted (Therapeutic Goods Administration 2016). 
Interested parties were invited to comment on these during the consultation period, 
which closed in October 2016.

7.3.2  Europe’s ATMP Regulation and the Hospital Exemption

Europe arguably has been a leader in developing specialized regulations and pro-
cesses to deal with new categories of innovative cell- and tissue-based therapies, 
and its framework for these therapies contains some unique features. Not surpris-
ingly, then, some North American commentators have suggested that we look to 
Europe for models and new strategies (Chirba and Garfield 2011; Centeno 2014).
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Regulation (EC) 1394/2007 on Advanced Therapy Medicinal Products (ATMP 
Regulation) was adopted in 2007 and came into force at the end of 2008. It applies 
to three types of advanced therapy medicinal products (ATMP): gene therapy, 
somatic cell therapy and tissue-engineered products (Regulation (EC) 1394/2007 
art. 2(1)(a)). These classifications capture cell and tissue therapies that are substan-
tially manipulated (in a way that alters their biological characteristics) or for non- 
homologous use (the use other than the function the cells or tissues performed in the 
donor) (Regulation (EC) 1394/2007 art. 2(1)(c); Directive 2001/83/EC, 2001 O.J. 
(L 311), Annex 1, Part IV, para. 2). Products that fall within the definition of ATMP 
are required to have centralized marketing authorization from the European 
Medicines Agency (EMA) (Regulation (EC) 726/2004, 2004 O.J. (L136) 1, Annex), 
although authorization of clinical trials remains at the national level, as is the case 
for all medicinal products (Regulation (EU) No 536/2014, 2014 O.J. (L 158)). For 
the purposes of the EMA authorization, ATMP are treated as medicinal products (or 
combined products if they contain elements of both medicinal products and medical 
devices), but a specialized committee, the Committee on Advanced Therapies, pro-
vides a scientific assessment to the Committee for Medicinal Products for Human 
Use, which the latter committee is required to take into account in making its deci-
sion (Regulation (EC) 1394/2007 art. 8). The donation, procurement and testing of 
cells and tissues used in ATMP must comply with the EC Tissues and Cells Directive 
(Directive 2004/23/EC, 2004 O.J. (L 102) 48), but later stages such as processing of 
cells and tissues must comply with the requirements for medicinal products, includ-
ing specific Good Manufacturing Practice (GMP) requirements for ATMP 
(Regulation (EC) 1394/2007 art. 5).

One of the challenges with the regulation of ATMP is that they are typically devel-
oped and produced on a small scale, often in academic settings or small enterprises 
where regulatory compliance may be disproportionately burdensome (Blasimme and 
Rial-Sebbag 2013; von Tigerstrom 2008; Pearce et al. 2014). The preamble to the 
ATMP Regulation states that it is intended to regulate products that are “prepared 
industrially or manufactured by a method involving an industrial process” (Regulation 
(EC) 1394/2007 para. 6). The regulation contains a “hospital exemption” that is 
designed to leave room for innovative use of ATMP in treating individual patients, 
without the need for centralized authorization. According to Article 28(2) of the 
regulation, the hospital exemption (HE) applies to an ATMP that is:

Prepared on a non-routine basis according to specific quality standards, and used within the 
same Member State in a hospital under the exclusive professional responsibility of a 
 medical practitioner, in order to comply with an individual medical prescription for a 
custom- made product for an individual patient.

The article also states that an ATMP falling within this exemption “shall be 
authorised by the competent authority of the Member State”, and member states 
must ensure that “national traceability and pharmacovigilance requirements” as 
well as specified quality standards are equivalent to those applicable to centrally 
authorized ATMP. Essentially, this provision leaves regulation of products within 
the HE to member states, subject to minimum requirements for traceability, phar-
macovigilance and quality.
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Although the impetus behind it has broad appeal, the HE has emerged as one of 
the most contentious and difficult aspects of the ATMP Regulation (Forgó and 
Hildebrandt 2013). There had been opposition to the HE clause during the negotia-
tion and adoption of the regulation (Forgó and Hildebrandt 2013; Pirnay et  al. 
2013), and the controversy has continued and even grown with the implementation 
and the use of the exemption. In a recent public consultation on the ATMP 
Regulation, the HE was “the topic in the consultation that triggered most responses 
and … where more conflicting views were manifested” (EC Health and Consumers 
Directorate-General 2013).

Implementation of the exemption in EU member states is still ongoing and has 
been quite variable. Some member states are still developing their national laws 
(Alliance for Advanced Therapies 2013), have only implemented the regulation in 
part (Forgó and Hildebrandt 2013) or have not implemented the provisions regard-
ing HE licensing (Pearce et  al. 2014; Rial-Sebbag and Blasimme 2014; Cuende 
et al. 2014). Some have adopted new or amended laws to give effect to the HE. In 
France, for example, a new law provides for the authorization of establishments or 
organizations to prepare ATMP under the HE; it requires applicants to show that the 
treatment falls within the HE, to provide information on the number of patients who 
might use it and to comply with practices applicable to medicines (Lucas-Samuel 
2013). The UK adopted regulations in 2010 that apply to “exempt” (i.e. HE) ATMPs 
(United Kingdom 2010). The regulations provide for licensing of exempt ATMPs 
and impose requirements regarding traceability, manufacturer licensing, reporting 
and compliance with GMP and other safety and quality standards—a framework 
that is in many respects comparable to the regulation of such products by the EMA 
or FDA, apart from the requirement for centralized premarket authorization. The 
regulations also impose some restrictions that go beyond the requirements of the 
ATMP Regulation: they specify labelling requirements and prohibit advertising or 
soliciting orders for exempt ATMPs. The UK regulatory agency has released guid-
ance documents that provide clarification on several issues, such as the relationship 
between the exempt ATMP category and what are referred to in the UK as “spe-
cials” (unlicensed products that are permitted to be used to meet the needs of indi-
vidual patients) (Medicines and Healthcare products Regulatory Agency n.d.a) and 
the interpretation of “nonroutine” in the definition of the HE/exempt ATMP cate-
gory (Medicines and Healthcare products Regulatory Agency n.d.b).

The variation in national implementation is one of several issues that have caused 
concern in relation to the HE.  In a recent study of academic ATMP facilities in 
Europe, the “most contentious issue … was the lack of harmonization of implemen-
tation of the Hospital Exemption Clause” (Pearce et al. 2014). One point on which 
there does seem to be general consensus regarding the HE is that greater clarity and 
consistency in its application would be desirable (EC Health and Consumers 
Directorate-General 2013; European Medicines Agency 2016a). Apart from this, 
the specific concerns regarding the HE and its implementation, which are discussed 
below, can be grouped around three interrelated themes: questions regarding the 
standards that should apply to products falling within the HE, definition of the scope 
of the HE and the intended and unintended effects of the HE on the development 
and the use of ATMP in Europe.
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Strict compliance with manufacturing standards such as GMP is challenging for 
ATMPs generally, given the nature of the products and the fact that they are often 
developed on a small scale by academic or other small organizations, not mass- 
produced by large pharmaceutical companies. These challenges are arguably even 
greater for ATMP falling within the HE, since they will be individualized therapies, 
produced on a nonroutine basis for specific patients who may have rare diseases or 
other specialized needs. This raises the question of how strictly the quality standards 
that normally apply to medicinal products should be applied to ATMP and in par-
ticular to those falling within the HE. For ATMP generally, arguments can be made 
in favour of a risk-based approach, which “could allow for the manufacture of a 
certain product even when GMP compliance is not entirely maintained as long as 
the safety of the product is not affected” (Forgó and Hildebrandt 2013). It has been 
suggested that GMP requirements applicable to ATMP were “designed for and in 
collaboration with pharmaceutical companies, which typically produce large 
batches of drugs” (Pirnay et al. 2013). However, others argue that all relevant safety 
and quality standards, including GMP, should apply to HE therapies (Alliance for 
Advanced Therapies 2013; Pfizer 2013; European Association of Hospital 
Pharmacists 2013). The ATMP Regulation does stipulate that quality standards 
(along with traceability and pharmacovigilance) under the HE should be equivalent 
to those for medicinal products; presumably this would include GMP as adapted for 
ATMP. In most member states, manufacturers of exempt ATMP must comply with 
GMP, though it is applied with some flexibility (Medicines and Healthcare products 
Regulatory Agency n.d.b, Flory and Reinhardt 2013; Cuende et al. 2014). It seems 
to be uncertain whether full GMP compliance should be required for HE therapies, 
and responses in the 2012–2013 public consultation indicated a need for greater 
clarity on this point (Italian National Transplant Center 2013; International Society 
for Cellular Therapy 2013).

For products within the scope of the HE, evidence of safety or efficacy is not 
required by the regulation. This accommodates the reality that in many cases, it will 
not be possible to have done clinical trials due to the small numbers of patients 
involved (Lucas-Samuel 2013). However, some individual member states have 
imposed safety and efficacy requirements on HE products in their national laws 
(Cuende et al. 2014), which could limit the exemption’s use. Where efficacy and 
safety requirements are not applied to products within the scope of the HE, however, 
these products can be given to patients without having “demonstrated quality, effi-
cacy, and safety” (Van Wilder 2012), which are required (albeit evaluated with some 
flexibility) for centrally authorized products.

A diversity of approaches and views can also be found regarding the scope of the 
HE.  Presently, national laws and policies take different positions on several key 
aspects of the HE’s scope and definition, leading to considerable variation across 
Europe (Alliance for Advanced Therapies 2013; Pearce et al. 2014; Blasimme and 
Rial-Sebbag 2013). In particular, the interpretation of the requirements that HE 
ATMP be produced on a “nonroutine basis” and “custom-made” for individual 
patients is unsettled. A recent “white paper” on the HE suggested that some EU 
member states apply liberal or “stretched” interpretations of the HE criteria (Alliance 
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for Advanced Therapies 2013). A 2013 study found that most member states “have 
applied annual limits to the numbers of a specific product type that can be manufac-
tured under an HEC licence, presumably in response to the stated requirement for 
‘non-routine’ production in the Regulation, whereas others apply no limits” (Pearce 
et al. 2014). Limiting the number of products allowed under the HE has been criti-
cized as having the potential to lead to negative consequences (Pearce et al. 2014). 
However, some clear and consistent way of defining “nonroutine” production is 
needed (Cell Therapy Catapult Ltd. 2013). The UK guidance on this point states that 
whether production is nonroutine will be considered separately for each individual 
product prepared by a given operator and will take into account the scale and fre-
quency of production (including both the numbers of products and the time period 
over which they are produced) and the wider context (Medicines and Healthcare 
products Regulatory Agency n.d.b). This avoids the problems associated with set-
ting fixed numbers, though the increased flexibility comes at a cost of greater 
uncertainty.

One specific question is whether autologous ATMP—those in which the patient’s 
own cells and tissues used—should generally fall within the scope of the HE. It can 
be argued that since autologous products are by definition custom-made for indi-
vidual patients, they meet the requirements for the HE (European Association of 
Tissue Banks 2013; Van Wilder 2012). Some submissions to the ATMP public con-
sultation suggested that all autologous products should be exempt under the HE or 
a general exemption (European Association of Tissue Banks 2013; European 
Confederation of Pharmaceutical Entrepreneurs 2013). Much depends, however, on 
the interpretation of “nonroutine” production, since it is possible for autologous 
products to be made repeatedly according to standard protocols, for substantial 
numbers of patients, even though each one is custom-made in the sense that it uses 
the individual patient’s own cells or tissues. As a result, it can be argued that “autol-
ogous products that are prepared on a regular basis fall under the ATMP Regulation 
and cannot be exempted only because the product itself is produced from unique 
material from one person” (Alliance for Advanced Therapies 2013).

The final issue regarding the HE’s scope is the question of how the HE category 
relates to investigational ATMP and the use of ATMP in research, as well as com-
passionate use. The HE does not create an exemption from the laws governing 
 clinical trials; therefore, ATMP produced under the HE should not be used in clini-
cal trials. However, it has been reported that some national regulatory authorities 
“are encouraging the use of [the HE] to produce ATMP for first-in-man cases, 
allowing the data arising from these to be used as part of the investigational medici-
nal product dossier for subsequent clinical trial applications … Indeed, some [regu-
latory authorities] are referring to these first-in-man, compassionate-use cases as a 
new ‘phase 0’ type of clinical study” (Pearce et al. 2014). On one hand, it makes 
good sense to allow experiences with innovative or experimental ATMP under the 
HE to inform more systematic clinical investigation at a later stage. It has recently 
been suggested, for example, that clinical efficacy and safety data from hospital 
exemption ATMP should be systematically collated (European Medicines Agency 
2016a). On the other hand, this creates a risk that the HE could be used to conduct 

7 New Regulatory Pathways for Stem Cell-Based Therapies: Comparison and Critique…



188

small- scale studies without the oversight normally required for clinical trials or to 
“bypass the generation of valid clinical data” (European Organisation for Rare 
Diseases 2013; Erben et al. 2014).

There is also the question of how the HE relates to compassionate use (expanded 
access). It has been noted that the HE has been little used in the UK, where the 
“specials” scheme has often been used instead for access to unlicensed ATMPs 
(Cuende et al. 2014). The lack of clarity about the relationship between the HE and 
compassionate use has been referred to as “a serious and worrisome ambiguity” 
(Rial-Sebbag and Blasimme 2014).

The debates about the HE’s standards and scope relate to larger questions about 
the objectives and effects of the exemption on the development of ATMP. The HE is 
intended to allow for small-scale innovation in response to immediate needs of indi-
vidual patients, without undermining the general requirement for centralized mar-
keting authorizations for ATMP (Lucas-Samuel 2013; EC 2014). Depending on 
how HE products are defined and regulated, however, it is possible that the exemp-
tion could allow those developing ATMP to circumvent the usual requirement for 
marketing authorizations. This was a widespread concern among industry respon-
dents in the public consultation (EC Health and Consumers Directorate-General 
2013) and was expressed again by participants at a recent multi-stakeholder meeting 
(European Medicines Agency 2016a). If unlicensed products under the HE are com-
peting with licensed products, this is perceived to be unfair, particularly when the 
standards applied to HE products are less stringent (Alliance for Advanced Therapies 
2013; EC Health and Consumers Directorate-General 2013); it is also possible that 
exempt treatments may have lower prices (Van Wilder 2012), which would make it 
even harder for licensed products to compete. This will reduce the incentive for 
industry to develop ATMP and apply for marketing authorizations (EC Health and 
Consumers Directorate-General 2012; European Medicines Agency 2016a, 
Blasimme and Rial-Sebbag 2013).

There are also concerns about impacts on patients, including detrimental effects 
on patients’ access to therapies and on the safety and quality of products they 
receive. If the use of the HE has the effect of limiting the market for ATMP, this 
might “make it unaffordable to develop a centrally approved product”, meaning that 
“certain advanced therapies will only remain available for a limited number of 
patients in a Member State” (Alliance for Advanced Therapies 2013). This will 
impede access for patients elsewhere, since ATMP produced under the HE may only 
be used in the same member state. Inconsistencies in regulating ATMP may “lead to 
patients traveling to other jurisdictions for novel therapies, both within and beyond 
the EU” (Pearce et  al. 2014). Where member states implement the “nonroutine” 
requirement by limiting the number of products under the HE, patients may be 
forced to seek treatment in another country “simply because an arbitrary maximum 
number of patients have been treated in a single centre in 1 year” (Pearce et  al. 
2014). Furthermore, it has been suggested that “it is very hard to obtain the experi-
ence and training necessary to guarantee the best quality of work when production 
is only sporadic (e.g. less than 10 applications per year)” (Pirnay et  al. 2013). 
Patients may also be put at risk due to the fact that HE ATMP are not required to 
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meet the safety and efficacy standards that apply to centrally authorized products 
(Alliance for Advanced Therapies 2013; Van Wilder 2012).

Many of these risks could be mitigated by defining the HE’s scope restrictively 
and applying rigorous standards and oversight to ATMP produced under the exemp-
tion—hence the calls for the “nonroutine” requirement to be clearly, consistently 
and narrowly defined and for the same standards, including GMP, to apply to HE 
products. However, an unduly restrictive approach could undermine the very pur-
pose of the HE if it limits the use too much or imposes standards that are too oner-
ous for many hospitals to meet. Different stakeholders are likely to have different 
views of the ideal balance. There are some specific restrictions that would likely 
have broad support, such as not allowing the use of the HE where an approved 
ATMP is available for the same indication (EC Health and Consumers Directorate- 
General 2013; Cell Therapy Catapult Ltd. 2013; Alliance for Advanced Therapies 
2013; International Society for Cellular Therapy 2013; European Medicines Agency 
2016a). However, the diversity of approaches and views on many aspects of the HE 
reflects a lack of consensus on what the purpose of the HE is or should be and how 
it should relate to other parts of the regulatory framework.

7.4  Lessons for North America

In articulating the lessons that can be drawn from these two experiences, a prelimi-
nary point that needs to be addressed is the differences in context that would affect 
the way that either of these options would function in the North American environ-
ment. The legal structure of each jurisdiction is distinct in important ways. First, and 
most obviously, the European HE would not translate well into either the United 
States or Canada given the lack of any equivalent at the state or provincial level of 
the competent authorities that regulate medicines in EU member states. In Europe, 
“a main motive of classification comes from the principle of sharing competence 
between the EU and its member states. The EU can only regulate where it has com-
petency, in this case, in cross-border movement of products … and where action at 
the EU level has added value in accordance with the subsidiarity principle applying 
in the field of public health” (Mahalatchimy et al. 2012). Rather than exempting 
products from regulation altogether, the HE provision leaves them to be regulated at 
the national level, a responsibility that is undertaken by the regulatory agencies in 
each state.

As discussed above, the variation that results from this has been problematic; in 
North America there is also the more fundamental difficulty that the states and prov-
inces to which responsibility might be devolved in a federal system have laws and 
agencies to regulate medical practitioners and facilities but generally not to regulate 
products themselves. Even if the creation of such a regulatory framework at the state 
or provincial level was possible in the constitutional structure of each country, it 
would be unwise given the duplication of resources and fragmentation of expertise 
that such an attempt would entail. If an exemption with a scope similar to the HE 
were to exist in this context, it would need to function quite differently.
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A possible response to this is that products within the scope of the exemption 
should not be regulated as products at all, but rather their use could be regulated 
only indirectly through authority over practitioners and facilities, which does exist 
at the state and provincial level. The result would be the withdrawal of federal regu-
latory authority over a larger class of products, as has been suggested by some crit-
ics of the current US framework and has resulted from the Australian exemption. 
The Australian experience suggests the need for caution regarding this approach, 
given the lack of effective and consistent enforcement that many believe is putting 
patients at risk. Furthermore, there is reason to believe that these challenges would 
only be exacerbated in the North American context. In Australia, professional regu-
lation is somewhat more centralized, due to a national scheme that has been in place 
since 2010 for regulation of the medical and other health professions (McLean et al. 
2014; Australian Government Department of Health 2016). This allows for a greater 
degree of consistency across the country, despite the fact that legal authority to regu-
late the professions rests at the state and territory level. In the United States and 
Canada, each state medical board or provincial regulatory body would be both set-
ting and enforcing its own standards. The controversy surrounding the Texas 
Medical Board’s Standards for Use of Investigational Agents (State of Texas 2015; 
Levine 2012; Drabiak-Syed 2013; Cyranoski 2011) illustrates how variations 
in local standards could be problematic.

One thing that seems clear is that even if an exemption from federal drug regula-
tion were to be contemplated, the scope of the Australian autologous use exemption 
is too broad to be acceptable. Exempting all autologous cell and tissue products 
from safety, efficacy and quality oversight, regardless of their intended function or 
degree of manipulation, is a troubling anomaly in the context of a risk-based regula-
tory scheme. Even if we accept some role for clinical trial and error in the develop-
ment of innovative therapies (Epstein 2013), a blanket exemption for autologous use 
goes too far, in terms of undermining systematic clinical research and putting 
patients at risk of physical harm and financial exploitation. If the exemption was 
initially intended to capture procedures that fall within the US “same surgical pro-
cedure” exemption (United States Food and Drug Administration 2014c), it has 
become clear by now that as drafted, it is unduly broad, particularly in that it allows 
even products that are highly manipulated or for non-homologous use without suf-
ficient safeguards. The limits placed on this exemption in existing North American 
regulations are preferable and should be maintained. Recent moves by the Australian 
TGA to revisit the exemption and the observations made during the consultations 
strengthen the argument that this is not a model to be emulated. More generally, the 
Australian experience stands as a cautionary tale illustrating the potential risks and 
unintended consequences of deregulation.

The lessons from the European experience with the HE are more complex. At first 
glance, this experience illustrates the risks inherent in introducing a new category or 
exemption that creates uncertainty and variability. The amount of controversy and 
discussion surrounding the interpretation of the HE and its application is remarkable. 
When considering any change to a regulatory framework, it is always worth bearing 
in mind the added transaction costs of introducing additional complexity to an 
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already complex system. This is not to say that such changes are never warranted, 
only that their consequences must be carefully weighed to ensure that a particular 
change is indeed needed and its benefits are likely to outweigh its costs.

More fundamentally, the debates regarding the terms and scope of the HE reflect 
two important dynamics that are at play in this context. The first is the challenge of 
ensuring “access” to promising therapies. Critics of the existing regulatory frame-
work who propose to remove or exclude requirements for regulatory approval often 
seem to assume that access to therapies is necessarily best promoted by allowing 
them to be provided to individual patients with a minimum of regulatory oversight. 
This rather narrow and simplistic view ignores the fact that access has multiple 
dimensions: short-term and medium- or long-term and individual and national/
regional or population wide. Each component of the regulatory framework can be 
seen as representing a trade-off between these dimensions. Allowing individual 
access to one patient in the short term can indirectly compromise access for others 
in the future (Chan 2013). This can be seen in recent debates regarding expanded 
access in the United States, where manufacturers may be reluctant to provide access 
to an investigational product on an individual basis if that could compromise ongo-
ing clinical trials (Sanghavi et al. 2014; Caplan and Moch 2014), which, if success-
ful, would ensure broad access in the future. One of the concerns about the new 
Japanese regulatory pathway is that it could weaken incentives to invest in the 
development of regenerative medicine therapies (Nature 2016). In the European 
context, one of the most important concerns regarding the HE is that allowing new 
therapies to be provided individually at the local level will provide access for those 
individuals while undermining future access for other patients. This can occur if 
widespread use of the HE removes incentives to apply for centralized marketing 
authorization and if localized use does not generate the systematic data needed to 
assess safety and efficacy. Those who assume that deregulation will improve access 
tend to ignore this very important point.

Modern regulatory frameworks do recognize that there are certain instances in 
which immediate or short-term local access can or should be prioritized over 
population- wide access in the longer term or where other compelling arguments can 
be made to vary some aspect of the usual requirements. The second, related dynamic 
in the European experience is the way the HE and the impetus behind it relate to 
recognized challenges in the regulatory scheme and other attempts to address them. 
The rationales behind the HE could be described as some combination of allowing 
individual access in compelling cases of urgent unmet medical needs; providing a 
faster and simpler alternative pathway for promising therapies, as compared to the 
usual process for marketing authorizations; allowing initial, small-scale testing 
before moving forward with larger clinical trials; and accommodating therapies 
whose anticipated market is small enough that investing in their development is not 
financially viable. Some of the debates surrounding the HE’s use—for example, the 
questions of whether data collected in that context should be used in a later applica-
tion for marketing authorization or whether the HE should be available as a perma-
nent alternative to marketing authorization or simply a means of allowing preliminary 
use at an early stage—reflect a lack of clarity or consensus regarding the exemp-
tion’s purpose.
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More importantly, each of those potential purposes is reflected, albeit imper-
fectly, in mechanisms that already exist both in the European regulatory framework 
and in other jurisdictions, including the United States. Compassionate or expanded 
(special) access regimes and various forms of accelerated and priority approval 
speak directly to the issues of unmet medical needs and faster approval or individual 
access for promising therapies. Orphan drug policies aim to address the challenges 
of developing products for small markets. Recent efforts to accelerate the develop-
ment of treatments and vaccines for the Ebola virus illustrate the range of existing 
mechanisms that can be used to facilitate faster development of high-priority prod-
ucts—including scientific and protocol advice, orphan drug designation, expedited 
review, emergency use authorizations and expanded access (United States Food and 
Drug Administration 2016b, European Medicines Agency 2016b)—as well as the 
potential for enhanced collaboration among regulatory authorities (International 
Coalition of Medicines Regulatory Authorities 2014). A number of jurisdictions are 
also developing progressive or adaptive licensing regimes, which could allow initial 
marketing approval based on preliminary data, followed by ongoing study and 
broader use (European Medicines Agency 2016c, Yeates et al. 2007; Eichler et al. 
2012). Meanwhile, regulatory agencies are continuing their efforts to clarify and 
tailor the type and amount of evidence that is required for clinical trials or marketing 
of novel products like cell therapies (Committee for Advanced Therapies 2010; 
Kooijman et al. 2013).

Given the overlap between the HE and these various initiatives, it is not surpris-
ing that questions have arisen about how the HE should relate to mechanisms like 
compassionate use and that in some cases, the HE has been little used because those 
other mechanisms are filling the needs for which it was designed. For jurisdictions 
outside Europe, the central question becomes whether there is a distinct role for a 
specialized exemption like the HE that would provide sufficient added value to jus-
tify adding another layer of complexity to the regulatory regime. For the time being 
at least, the arguments for creating a new exemption or discrete regulatory pathway 
for stem cell-based therapies are not compelling. Informed by the Australian and 
European experiences—along with early indications of concern about the new 
Japanese conditional approval pathway—the disadvantages of formally modifying 
the current regime seem to outweigh the advantages. This is particularly so if we 
consider the forms of flexibility that already exist and could be used in this context. 
It is notable that even in the context of the Ebola outbreak, in which the international 
community faced a serious and urgent public health threat with no known effective 
treatment, most of the special mechanisms called for are ones that already exist, 
with a few modest innovations that can now be added to the list of possibilities for 
the use in appropriate circumstances.

A critical distinction between the proposed REGROW Act in the United States 
and Japan’s conditional approval scheme, on one hand, and existing mechanisms 
such as expanded access, on the other, is that providers are able to charge or be 
reimbursed for therapies before they are proven to be effective. Although there are 
significant concerns about the availability of adequate funding for the development 
of innovative cell and tissue therapies (Dodson and Levine 2015), allowing payment 
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for therapies supported by limited evidence is not the solution to those difficulties. 
As some have argued in the Japanese context, this simply shifts the burden from 
sponsors to patients, insurers, and the healthcare system and distorts incentives 
within the regenerative medicine sector (Nature 2015; Nature 2016; Sipp 2015; 
McCabe and Sipp 2016).

Few would argue that the existing mechanisms are perfect, and some—particu-
larly expanded access and the orphan drug regime—are the subject of considerable 
debate and ongoing reform efforts. The way these operate, generally and in the 
regenerative medicine context, and whether they are meeting perceived needs ade-
quately are matters that certainly deserve attention. A full discussion of these issues 
is beyond the scope of this article; here, the key point, based on an examination of 
the arguments and leading alternatives, is that attention should be focused on iden-
tifying and addressing room for improvement within the existing framework, rather 
than formulating new stem cell-specific exceptions or special regimes. There are 
distinctive challenges associated with developing stem cell-based therapies, but it is 
far from clear that this means existing mechanisms cannot be used or adapted to 
address concerns about access or development costs. Already some scholars have 
begun to examine the specific issues that might arise in using mechanisms like 
expanded access for stem cell-based therapies (Hyun 2010; Knoepfler 2015). We 
can build on this work to analyze and improve existing forms of regulatory flexibil-
ity, with potential benefits for stem cell research and beyond.

7.5  Conclusion

No regulatory framework is perfect, and in this context—as in so many others—it is 
tempting to assume the grass must be greener elsewhere. This examination of recent 
examples of regulatory flexibility for stem cell-based therapies in Australia and 
Europe casts doubt on this assumption; although the rationales behind each of them 
have some appeal, experience has shown that they have their own difficulties. Upon 
closer inspection it is difficult to say that either of these two examples is superior to 
the status quo in North America.

The Australian exemption for autologous cell and tissue therapies has created a 
regime that is very similar to what some critics of the US regulations have been call-
ing for. By ignoring the level of risk associated with higher degrees of manipulation 
and non-homologous use, however, the exemption has been framed in a way that is 
too broad to be acceptable. Some might argue that there is insufficient evidence of 
resulting harm, but as recently acknowledged by the TGA, a responsible govern-
ment need not wait for those serious harms to occur before considering corrective 
action. The response of regulatory bodies that might exert control over practitioners 
and clinics has not given much confidence that these can be relied on to prevent and 
redress harms. There does not seem, either, to be any evidence of a benefit to health 
or science that can be attributed to the exemption.
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In Europe, the difficulties with interpreting and applying the HE seem almost to 
have overshadowed the potential benefits of the exemption. Even setting aside the 
complexities involved in translating the HE into the North American context, it is 
unclear that an exemption for small-scale hospital-based innovative therapies would 
be a useful addition to the various forms of regulatory flexibility that already exist. 
The purposes that animate the HE are reflected in other mechanisms that exist both 
in Europe and other jurisdictions including the United States and Canada. If these 
are perceived as not adequately meeting their objectives, careful examination of any 
shortcomings, along with ongoing efforts to apply flexible, risk-based assessment to 
the unique properties of cell-based therapies should be the focus of attention.
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Chapter 8
Travelling Cells: Harmonized European 
Regulation and the BAMI Stem Cell Trial

Christine Hauskeller and Nicole Baur

8.1  Introduction

 RCTs and Regulation in Europe
Randomized controlled trials (RCTs) are widely used as the gold standard of clinical 
innovation. Although the limits of the deductive method have often been criticized 
over the past decades (Cartwright 2010), and other protocols have been developed to 
test new potential therapies, such as hospital exemptions in the case of rare diseases 
(Salter et al. 2014), the RCT is still the dominant method of scientific validation in 
the clinic.

Europe, as a harmonized space and unified economic zone, aims for an even 
provision of basic services such as health and access to medicines. Likewise, all 
member states should be given the chance to benefit from developments in the 
growing biomedical sector, both in scientific and in industrial terms. Every year, 
ethics committees across Europe receive 4000–6000 applications for RCTs (EC 
2009). Variations in the assessment criteria and practices and consequently the com-
mittees’ responses to applications have raised concerns about the future of clinical 
trials (Cressy 2010; Hartmann and Hartmann-Vareilles 2006; Hunter 2011). Over 
the past 25 years, the EU has made much effort to harmonize practices in biological 
and medical research across its member states. Such harmonization is expected to 
foster equality in patient care and treatment standards but also to facilitate the even 
introduction of new therapeutic options and drugs as well as closer cooperation 
between researchers and clinicians across Europe (EC 2016). The steps taken 
include setting up regulatory frameworks and institutions that oversee their applica-
tion and implementation.
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First attempts to harmonize clinical trials across the European Union date back 
to the EU Clinical Trials Directive 2001/20/European Commission (Amexis and 
Schmitt 2011; EC 2001). Harmonization across EU member states is particularly 
important for multinational trials. In order to overcome the diversity of clinical eth-
ics application outcomes, national competent authorities were set up in all European 
countries to streamline approval practices (Hartmann 2012). This equalized the 
decision-making processes at a national level, but significant differences remained 
between European countries. A further step towards standardization and simplifica-
tion of clinical approval processes was intended by introducing the so-called 
Voluntary Harmonisation Procedure (VHP). This procedure in its current form aims 
to overcome the heterogeneous responses to a trial protocol by the different national 
competent authorities. It involved two of the many national competent authorities 
submitting a jointly agreed protocol that would then be scrutinized and eventually 
approved by the Paul-Ehrlich-Institut (PEI), Langen, Germany, which initiated and 
now conducts the VHP on behalf of the European Medicines Agency (EMA). The 
so-called national competent authorities, national clinical trial approval institutions 
established in EU countries in accordance with the Clinical Trials Directive, then 
only take note and approve the VHP agreed trial protocol without requesting further 
changes.

Furthermore, clinical trials involving stem cells within the EU have to adhere to the 
regulation of Advanced Therapy Investigational Medicinal Products (ATIMP). This is 
an amendment to the European Tissue and Cells Directive (EC 2004), which classifies 
all novel uses of adult stem cells, including autologous bone marrow- derived stem 
cells, as Advanced Therapy Medicinal Products (ATMPs). This regulation passed the 
EU regulator in 2007 but only came into force in 2010. All RCTs conducted in Europe 
are subject to oversight by the European Medicines Agency (EMA), founded in 1995, 
whose role is the scientific evaluation of medicines. EMA’s regulatory power has 
gradually increased since its inception. While EMA does not eclipse the power of 
national regulatory bodies, it is ‘increasingly responsible for regulation of the risks 
and benefits of newly invented pharmaceutical products in Europe’ (Davis and 
Abraham 2011). This includes overseeing the implementation of these Directives and 
the scientific approval of the protocols for European clinical trials.

Our sociological study on the implementation of a clinical trial in practice identi-
fied many specific local differences between European countries that affect daily 
operations, but most importantly it showed how harmonized regulations affect the 
logistics, technical details of practice and patient recruitment in a trial. Below we 
illustrate examples from these findings, especially:

 – A difficult process of developing the trial protocol for approval
 – Problems with both accessing nearby GMP-compliant laboratory processing 

facilities and transporting cells to them and back to the hospital
 – Issues with the new Voluntary Harmonisation Procedure for national competent 

authority approval

Europe’s attempt to harmonize medical research and therapeutic innovation 
across the many different cultures and health-care systems in its constituent nations 
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is an enormous task. It can only succeed if the side effects and pitfalls are overcome. 
At present, harmonization struggles to reach its aims of opening up a unified area 
for effective research and speedy approval of new medicine and therapies.

8.2  Research Project and Methodology

The lead author has been studying the effects in one particular phase III stem cell 
RCT from development and funding application to its future completion. At the 
time of writing in 2016, the trial is still in the patient recruitment phase.

The trial we report from is entitled ‘The Effect of Intracoronary Reinfusion of 
Bone Marrow-Derived Mononuclear Cells (BM-MNC) on All-Cause Mortality in 
Acute Myocardial Infarction’ abbreviated as BAMI. It is a 3000-patient multina-
tional clinical trial conducted across nine countries in Europe, funded under the EU 
Framework Programme 7 Health scheme. BAMI has scientific, regulatory and clini-
cally driven objectives focusing on the standardization of the treatment and the test-
ing of the treatment’s benefits for all-cause mortality. The aims include (1) the 
creation of a pre-clinical dossier for a standardization method for the preparation of 
bone marrow mononuclear cells for intracoronary injection, (2) the standardization 
of an intracoronary infusion method that allows for the safe and efficient delivery of 
cell therapy to the coronary artery and (3) the designing of a randomized controlled 
clinical trial that addresses whether the standardized mononuclear cell product con-
fers an all-cause mortality benefit in patients with acute myocardial infarction who 
undergo primary angioplasty (25% reduction on top of standard therapy).

‘Towards Harmonised Ethical Standards’ (WP7, 2011–2017) is a subproject in 
BAMI, conducting a sociological and medical ethics study alongside the clinical 
trial. As researchers in this subproject, we study the effects of unified protocols on 
trials conducted across the participating clinics, how the different NCCs1 proceeded 
in gaining ethical approval for BAMI, and how the trial has been implemented in the 
participating countries. The research gathers data on the difficulties and hurdles the 
BAMI teams encountered in bringing the trial from funding approval to clinical 
implementation under the new harmonized ethical and regulatory framework in the 
EU. The focus on trial implementation has highlighted that recruiting the required 
patients for such a phase III stem cell trial in acute myocardial infarction in Europe 
is difficult under any circumstances. The standard treatment for this condition is so 
effective that the severe postsurgical patient conditions that are commonly selected 
for regenerative medicine trials become quite rare. Thus, the number of eligible 
patients can only be recruited from a large catchment area covering many hospitals 
in many countries. The efficacy of the BAMI intervention itself cannot be reported 
on at the time of writing, but trialling it has been evaluated as worthwhile by the 

1 NCC stands for National Coordinating Centre staff. In each country, there is one hospital that 
leads the trial in that country. The NCC recruits, contracts and assesses the work at other satellite 
hospitals that also recruit patients to BAMI.
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Task Force of the European Society for Cardiology (Bartunek et al. 2006), and an 
update of their review of this line of stem cell treatments for heart repair is in press 
(Mathur et al. 2017).

Areas of investigation included the effects of regulatory or other practical prob-
lems affecting on-site on patient recruitment as well as any positive or negative 
effects of cross-national regulation. The aim of the subproject is to harness the expe-
riences of the clinical teams with trial implementation while complying with the 
regulations in order to inform about the effects of the current regulatory set-up on 
clinical trial practice in cell therapy across the EU.

Our findings illustrate that multinational stem cell trials are very difficult to con-
duct in practice, even if a shared regulatory framework is in place. ATIMP compli-
ance in particular severely affected BAMI’s logistics and finances, resulting in the 
actual withdrawal of three original partners from patient recruitment and the joining 
of a new one. In this chapter, we outline the regulatory environment in which BAMI 
operates before drawing on our empirical data to describe the effects these regula-
tions had on the day-to-day running of the BAMI RCT.

 Methodology and Data Collection
Changes in regulation between the planning of BAMI and its start mean that the 
project’s timeline must be part of our reporting. BAMI grew out of a long-standing 
prior cooperation between cardiologists in different EU countries. The principal 
investigators (PIs) each had conducted smaller trials on autologous BM stem cell 
injection to repair heart tissue following AMI. The lead author has been party to this 
collaborative effort. It took a while before BAMI received EU funding in 2011 and 
started in the same year. The subproject ‘Towards Harmonised Standards’ was 
introduced to all participating BAMI PIs at the ‘kick-off meeting’ in London on 1 
December 2011. Using a brief questionnaire, which was also mailed to non- 
attending members, we collected information on previously encountered problems 
with approval procedures in the small local trials and any problems that BAMI 
might face. In total 14 BAMI PIs completed and returned the questionnaire repre-
senting eight countries—Denmark, Spain, the UK, Germany, Italy, Norway, 
Belgium and the Czech Republic. Responses to the questions were collated, com-
pared and analyzed.

It took over 2 years before patient recruitment in BAMI began, and consequently 
we started in April 2014 to conduct semi-structured interviews—face-to-face in 
Germany and Spain and via Skype and telephone with staff from BAMI partners in 
other countries—on the process of implementation. We conducted 28 interviews, 25 
with clinical staff (e.g. PIs, NCCs, cardiologists, study nurses) and 3 with project 
managers responsible for trial-wide infrastructure (insurance, centralized echocar-
diography, patient randomisation). Interviews lasted for 30–60 minutes, followed 
by a predefined topic guide. The interviews were recorded on tape and transcribed. 
Some key agents contributed follow-up interviews. The topics included issues that 
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had emerged from participant observation of regulatory approval processes and 
pilot interviews. Data collection and analysis proceeded in parallel as initial find-
ings required further data collection and the  going back to early interviewees. 
Interview materials were transcribed and the data analyzed using conventional 
methods supported by NVivo (Version 10) where keyword searches helped to iden-
tify themes and categories. We decided against an entirely electronic-based analysis 
not the least because some interviewees were not native speakers of English and 
therefore will have used language in nonstandardized ways. We conducted some 
interviews in other languages that we are able to speak (viz. German and Spanish).

After the interview and data analysis, we used another BAMI consortium meet-
ing in February 2015 for a finding-check mini survey. This was distributed to all 
participants and again mailed to BAMI members who had been unable to attend the 
meeting, including many study nurses. In total, 22 participants from nine different 
countries responded to the finding-check mini survey. Its aim was to validate our 
interpretation of the findings and to receive comments to them by the clinical teams 
involved. The finding-check exercise confirmed that we had correctly identified all 
the problems that individual team members had encountered and highlighted the 
dramatic effect of the regulatory changes described above on the implementation of 
BAMI (Table 8.1).

One key aim of our study on BAMI was to trace the process of implementation 
and to identify and report on the problems that BAMI staff and patients encoun-
tered. More specifically, we studied how the harmonization of clinical protocols and 
ethics approvals actually proceeded and how the participants perceived the process, 
locally and overall between and across the participating institutions.

On the basis of our observations, mini survey and interview data over the trial 
period until April 2015, we report below about the most prominent issues that 
delayed patient recruitment. These challenges include issues of a logistical or tech-
nical nature and of ethical approval. We shall begin with a brief overview of the 
regulatory situation BAMI encountered in 2011. Based on our empirical findings, 
we then present how BAMI staff responded to the challenges arising from the 
ATIMP classification of the trial. The focus lies on the effects of the recently altered 
regulatory requirements and also teething problems with VHP. BAMI was the first 

Table 8.1 Number of BAMI staff participating in questionnaires, interviews and surveys

Country Pre-study questionnaire Interviews Mini survey

Belgium 1 2 4
Czech Republic 0 1 1
Denmark 1 0 1
France 0 1 1
Germany 4 6 2
Italy 1 1 2
Poland 0 0 1
Spain 2 7 3
UK 3 5 7
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phase III trial applying the VHP. The late start of patient recruitment has become 
increasingly problematic for the completion of the BAMI trial in its original design, 
and it already expanded the timeframe for completion beyond the envisaged 5 years 
(Mathur et al. 2017).

8.3  The BAMI RCT and Its Situation in This Regulatory 
Environment

BAMI operates in the standardized regulatory environment of Europe for multina-
tional stem cell RCTs. It was prepared before and during 2009 and started late in 
2011, a time of change in the implementation of the European Clinical Trials 
Directive and the European Tissue and Cells Directive (EUTCD). The implementa-
tion rules of this latter directive had also been amended to ensure that all national 
competent authorities follow the same rules when classifying stem cell therapies 
and research, after great variations in interpretation had been found across Europe 
(Veerus et  al. 2014). This variation had also included RCTs in Europe that used 
autologous stem cells which were the precursors of BAMI (Weber et  al. 2011; 
Wilson-Kovacs et al. 2010). Generally, since 2007 all new RCTs using stem cells in 
innovative ways, autologous or not, have had to comply with regulations for 
ATIMPs, according to the changed implementation rules for the Tissues and Cells 
Directive. Specific decisions were left to the newly set up Committee for Advanced 
Therapies (CAT). At its meeting on 14–15 October 2010, this committee formally 
classified the intervention used in BAMI as tissue-engineered product, thus requir-
ing ATMP processing. CAT explicitly stated that ‘autologous bone marrow-derived 
progenitor cells intended for treatment of patients with failed left ventricular recov-
ery despite successful reperfusion therapy post-acute myocardial infraction, chronic 
ischaemic heart disease, peripheral vascular disease and Buerger’s syndrome’ are to 
be treated as ‘tissue-engineered products’ (CAT 2010). The effect of this formal 
classification has since had significant impact on the field of autologous stem cell 
uses in research and clinical trials, and would also affect potential future therapy 
roll-out, as we will illustrate. The classification of autologous bone marrow-derived 
stem cells in heart repair now requires GMP licensed laboratories to handle the cells 
and detailed monitoring of research partners to ensure compliance with the trial 
protocol. This has caused major problems in BAMI, as the requirement to use such 
laboratories had not seemed necessary in all partner countries at the time of design-
ing the trial and it was thus not budgeted for.

Concerning the EU Clinical Trials Directive from 2001, ethical approval for mul-
tinational clinical trials still kept facing challenges owing to different interpretations 
of these frameworks in different countries. As a consequence, the VHP was set up 
by the Clinical Trials Facilitation Group (CTFG) (Krafft et al. 2012). The Tissue and 
Cells Directive and its clarifications regulate the handling of tissues and cells as well 
as laboratory practices. The Clinical Trial Directive and the VHP, however, aim to 
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streamline ethical approval of trial protocols. VHP is a protocol developed and 
implemented in 2010 through the PEI. According to this procedure, the country 
leading the clinical trial submits the clinical and ethics application to the PEI. The 
application is then approved by the PEI in cooperation with one or two other national 
competent authorities. After approval by the PEI, the other national competent 
authorities in the multinational trial—in an 11-partner trial this may be 8 or 9 com-
petent authorities across Europe—are expected to approve the application without 
demanding any further changes to the protocol. This simple VHP was altered in 
2013. The PEI now expects to invite two or more competent authorities to assess 
and decide on the application from the lead institution in its approval process. The 
aim is to avoid later stage delays arising from additional requests for changes to the 
protocol. This modified procedure has been in place since 2013. From the observa-
tion of the BAMI application process, we have strong reasons to believe that it is a 
response to the problems BAMI encountered. Unfortunately, despite several 
requests, PEI representatives were unavailable for interview or comment on this 
issue. Yet, BAMI, as the first phase III multinational trial that applied through the 
initial design of the VHP, had not been served well by it—although, except for 
Poland and Finland, the BAMI partner countries are signatories to the VHP.

VHP was introduced because attempts to harmonize practice through Directives 
and scientific standardization encountered difficulties in gaining the required 
national competent authority approvals. Different authorities requested different 
protocol changes, and in consequence approval processes were protracted regularly. 
EU member states have very different cultural and ethical traditions, and their 
health-care systems operate differently. Consequently, policies on the funding and 
clinical application of stem cell research, genetics, reproductive medicine and the 
introduction of new treatment protocols and drugs have been difficult to agree upon 
if many different competent authorities process a protocol simultaneously. VHP can 
be seen as an expression of trust that a select set of national competent authorities 
will develop guidance acceptable to the other member states. BAMI is the first mul-
tinational phase III clinical trial approved via VHP and affected by the described 
regulatory changes.

8.4  Findings and Empirical Analyses

8.4.1  Expectations Based on Previous Experience with RCTs

The kick-off survey of BAMI consortium members showed that some had previ-
ously encountered a variety of problems relating to regulatory and ethical issues with 
phase I local trials designed very similarly to BAMI. In spite of this, every respon-
dent expected that their national competent authorities and local ethics committees 
would respond favourably to the BAMI RCT. A unified approach was envisaged, 
although some differences in the area of regulation were anticipated (Fig. 8.1).
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This confidence was partly based on previous experience, when the PIs had 
each been able to resolve any issues with the smaller trials locally. Because such 
issues appear during the preparation of any trial, they affect the trial protocol, but 
are not as such part of it nor are they commonly reported in the findings from the 
trials. They are externalities. Probably for this reason, the local problems individual 
PIs had faced prior to BAMI and solved were also not discussed among the PIs 
before this meeting. In this initial meeting and in several subsequent meetings, the 
gulf between the scientific protocol and its merits to deliver evidence for the effi-
cacy of autologous BMSC in AMI, on the one hand, and the clinical protocols and 
detailed implementation plans required for RCT approval and VHP, on the other 
hand, had to be discussed and squared. In preparations for BAMI, the scientific 
tasks had been to design the best trial and obtain funding for it based on the insights 
to be gained. The next step was turning this scientific protocol into a clinical proto-
col that would be approved and could be implemented across 11 different EU coun-
tries with different health-care systems and cultural conventions affecting clinical 
work. Following the mini survey and exposure and discussion of the local chal-
lenges, it became obvious that in preparing the VHP submission of the BAMI clini-
cal protocol, all the lessons from the smaller early trials with approval institutions 
had to be considered and addressed as far as possible, in order to prevent encounter-
ing old criticisms from national competent authorities and clinical research ethics 
committees. It also became obvious that this inclusive approach towards local 
understandings of best clinical practice in the clinical protocol for all countries 
might raise the workload of NCCs and clinical teams and slow down patient recruit-
ment. Also, two partner countries, Poland and Finland, have not signed up to VHP, 
so even if clinical approval via VHP did simplify the process for most partners, two 
would require separate national competent authority and local clinical ethics com-
mittee approval.

Fig. 8.1 Expected problems with clinical trial and ethics approval in the BAMI trial
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8.4.2  Regulatory Issues Affecting the Implementation of BAMI

In this chapter, we can report in detail only on a select number of issues and provide 
the empirical data to support our points. We focus on the effects of the ATMP 
amendment to the Human Tissue and Cells Directive which has changed conditions 
for the stem cell procedure used in BAMI since October 2010 and the VHP.

8.4.2.1  Implementation of EUTCD, ATMP and ATIMP

A major problem for BAMI centres became gaining access to the newly required 
ATMP-certified laboratories for the processing of the BMSC. In the preparation 
phase, seven centres in six countries (Germany, Spain, Denmark, UK [two cen-
tres], France, Belgium) indicated that they could act as BAMI cell processing cen-
tres. The 2010 ATMP amendment to the Human Tissue and Cells Directive required 
that the stem cell processing centres used in BAMI hold an IMP2 manufacturing 
licence and were GMP3 compliant. Only the laboratories related to the German, 
Spanish and Danish centres held all the required licences and documentation. This 
caused substantial logistical and financial problems, as cells cannot be transported 
by plane (owing to the inevitable X-ray) and time-compliant transport by courier is 
expensive. The options were either to gain special accreditation for the local labo-
ratory or to transport the cells to an established fully certified stem cell laboratory 
elsewhere.

Figure 8.2 illustrates how the lack of a national cell processing lab was perceived 
by BAMI staff.

2 Investigational medicinal product.
3 Good manufacturing practice.
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Fig. 8.2 Has the lack of access to your own cell processing lab caused problems?
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As can be seen from the diagram, 70% of BAMI partners strongly agree/agree 
that lack of access to their own cell processing lab caused problems. These prob-
lems, which affected the lead centre in the UK and partners in the Czech Republic, 
Belgium and France, are financial and logistical. All these participants had to ship 
the cells to the nearest laboratory, situated in Frankfurt. This was not allowed to 
interfere with other aspects of the protocol, especially the reinjection of the cells 24 
hours after retrieval, and it turned out to be a main cost factor. The ATMP amend-
ment and ATIMP classification of BAMI had a serious impact on timing and budget 
and, as the following quotation illustrates, came as a surprise to some PIs:

What slightly took us back is that some of the cell processing centres were not certified to 
do the processing on the trial and that was part of the VHP procedure. […] Because it’s 
VHP then it’s all under EMA regulations, therefore we have to send the cells to Frankfurt, 
so massive issue in terms of prices and all that. […] VHP created a problem for the UK, 
because we would have been able to do it otherwise, without the EMA re-classification. 
(NCC, UK, 18/8/14)

The fact that some BAMI PIs expressed surprise at this shows that despite being 
well versed in conducting stem cell research, they were not up-to-date on the regula-
tory reclassification of what they deemed a perfectly established use of BMSC. As 
a consequence of this regulation, many participating countries had to find alterna-
tive ways of compliantly processing their cells. The above-mentioned centres, for 
example, made plans to transport the cells to the most accessible ATIMP-certified 
laboratory in a partner country, which is in Frankfurt. This return transportation of 
the cells for processing had to occur within the allocated cell processing times, i.e. 
24 hours from bone marrow aspiration to the laboratory and again 24 hours between 
the release from the laboratory and reinjection. Given the distance and logistics that 
now needed to be covered, this turned into a problem:

We still haven’t got our own lab, so the cell processing centre is still over there in Germany 
in Frankfurt. […] So, usually, what happens, they go by plane, they can fly there, so they go 
by plane, with the bone marrow samples. […] On the way back, stem cells should not go 
through X-ray. So, they are driven back. So, you’ve got to get the times right from Frankfurt 
to here. We had, I remember, once an incident that they had on the motorway in Germany, 
a very bad accident, so they were stuck in traffic for quite some time […] And we had the 
patient here who was already waiting. I think we’ve been lucky because it managed to reach 
us within time, within the time window that we have. […] It will be much easier once we 
have the licence for the cell processing centre here. (Study nurse, UK)

In 2016, London is still sending the BM cells to Frankfurt, as UK-based ATIMP- 
certified laboratories would be much more expensive to use. The French and Czech 
teams were hampered additionally by national implementation requirements 
demanding that only a specially trained person can transport human stem cells. For 
the French team, this became one of the logistical and economic obstacles which 
ended their participation as a recruiting partner. The Czech team resorted to an inge-
nious solution, namely, ensuring that some drivers of the respective courier service 
were trained accordingly and thus no additional person was required to transport the 
cells to Frankfurt and back, as the quotation below illustrates:

I had to find a courier who would deliver the cells each time to Frankfurt and back to Brno. 
… [S]omeone who would do it and would be trained by our tissue people who have the 
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permission by ZUKL, so they can train other people and, you know, sign contract and stuff. 
So, I found a good group of taxi drivers, and they have a contract with the hospital and they 
underwent the training programme that took about two hours. They know what’s in the 
package, they have to go directly to Frankfurt, no stops, right temperature in the car. 
Everything is done and organised by ZUKL, so they follow the law. So, they deliver the 
cells to Frankfurt, wait for like two or three hours, get a phone call saying ‘you can pick 
them up’ and they pick them up and go back to Brno. They deliver here, it’s safe. (NCC, 
Czech Republic)

Figure 8.3 shows the difference in perception of ATMP causing problems in 
BAMI in general and in the respondents’ own hospital or national competent author-
ity approval process.

The diagram illustrates that the majority of respondents considered the ATMP 
amendment responsible for at least some of the major problems occurring in BAMI, 
although some did not encounter any problems themselves, because their national 
competent authorities had classified autologous BMSC as ‘tissue-engineered prod-
ucts’ (ATMP) when initially implementing the EUTCD, before the amendment 
enforced this classification throughout Europe. The discrepancy between the num-
ber of BAMI staff claiming that the amendment has affected BAMI in general (n = 
14) and those stating that their own country or hospital has been affected by it (n = 
11) is explained by the differences in the initial implementation of the EUTCD 
between European countries (Wilson-Kovacs et al. 2010).

8.4.2.2  Voluntary Harmonisation Procedure (VHP)

VHP was introduced as a pilot project in 2009. It has been developed by the Clinical 
Trial Facilitating Group (CTFG) which was formed in 2004 by the Heads of 
Medicines Agencies (HMA) with the aim of obtaining a more uniform interpretation 
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of EU regulatory requirements in national competent authority decisions on clinical 
trials. The specific aims of VHP are to facilitate the process of assessment of clinical 
studies that involve several countries.

When we gauged some first opinions about VHP, many members said that they 
consider it an important step, as it can act as a guarantee for authorities and local 
ethics committees, thereby facilitating and speeding up the approval process. Deeper 
questioning, however, revealed that there were and are substantial problems with the 
VHP in BAMI. The initial application to VHP had to be prepared taking care to 
address previously encountered national authority and local ethics committee sensi-
tivities. This affected aspects of the trial design, but the adaptation was quite smooth. 
Other issues reported include the unfamiliarity with VHP (BAMI is the first study 
of this size to run under VHP) and difficulties in complying with VHP requirements 
which resulted in delays of centre initiations and subsequent delays in patient 
recruitment. The political structure of a country has also been suggested as an 
 obstacle. Some countries are divided into federal states, with more than one compe-
tent authority and clinical ethics committee. The UK reported that VHP raised a lot 
of country-specific issues which led to an overall delay in obtaining VHP, as the UK 
could not go forward before these issues had been resolved. However, BAMI has 
applied and gained VHP relatively quickly, within a year of starting, and has been 
conducted under this protocol since.

Figure 8.4a, b highlights a noteworthy discrepancy in the perception of VHP 
speeding up the process of gaining clinical approval in BAMI in general and ethical 
approval in the participants’ hospitals. While almost half of the respondents to our 
finding-check mini survey in 2014 thought that VHP speeded up the approval pro-
cess in BAMI in general, only about 35% stated that this was the case concerning 
their own hospital or country. Even more strikingly, while none of the respondents 
disagreed with the notion that VHP speeded up the approval process in BAMI in 
general, 10% thought that it delayed it in their own hospital or country.

One of the positive things reported about VHP—and opposed to the local ethics 
committees—concerns the timeliness of dealing with requests. The idea of VHP is 
that applicants obtain VHP approval and  that, within 10 days, this is  followed 
swiftly by approval from the local competent authority. This, however, did not work 
in BAMI. Although the UK received VHP approval and approval from their national 
competent authorities within 5 days, other countries had queries coming back from 
the local competent authority, although the PEI had considered those issues when 
approving the protocol in the course of VHP.

8.4.2.3  Amendments to the BAMI Protocol

Several national competent authorities demanded amendments to the PEI-approved 
protocol, which in turn had to be applied in each participating country. For example, 
the Paul-Ehrlich-Institut, then in its other role as one of the national competent 
authorities in Germany, requested that patients be recalled to the trial centre 30 days 
after their discharge from the hospital. This raised various issues—even for the 
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German clinics, where many patients perceive this recall as a nuisance, interfering 
with their lives during the rehabilitation phase after the clinic stay. Similar problems 
with the 30-day recall have not been reported from the UK or Spain. Differences in 
times of clinic and rehabilitation centre stays are likely related to this difference.

Because of the resulting initial time delays, several amendments to the approved 
trial protocol for BAMI have been submitted or considered in the course of the 4 
years since the trial started. In some countries, Italy  for example, the competent 
authorities request that patient recruitment is halted while such reapproval is sought. 
The protracted procedures of reapproval through VHP can mean long recruitment 
stops in these cases. This counteracts the intent to maintain the trial’s research valid-
ity and imposes additional costs due to the harmonized regulatory requirements.
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8.4.2.4  Other External Differences Affecting the Trial

Our study also identified other issues that arise from harmonizing increasingly 
many trial-related practices without—obviously—planning also to harmonize other 
cultural practices in the participating countries that are not directly related to the 
clinical trial but which affect it. They include differences in conventions in insur-
ance practices, expected content of patient information sheets, and even national 
drug approval between partner countries. We shall report about those elsewhere in 
more detail, but we mention them here to indicate the full picture of potential stum-
bling blocks encountered disproportionally in an academic trial such as BAMI. As 
an academic phase III trial with very limited funding, BAMI received little support 
from industry sponsors—sponsors  who have rich experience in managing such 
complex multinational trials for therapeutic interventions that promise not only 
clinical but also economic potential.

8.5  Concluding Recommendations

Our participant observation, mini surveys and qualitative interviews with many 
BAMI staff in different roles in the trial present a rich picture of the struggles for 
which any future multinational European academic trials must prepare. If the route 
of RCTs remains in place as the ultimate test for the efficacy of new treatments, 
which may be in doubt, the move towards multiple sites for trials involves complex 
and intersecting societal factors. One must consider both external and lifestyle fac-
tors affecting efficacy in order to retain validity. Increasingly specific diagnoses and 
inclusion criteria, respectively, make it increasingly harder to recruit for a phase III 
trial in a suitable timeframe within a single country.

The EU’s commitment to standardize, ease and speed up clinical research and 
drug innovation over the past 25 years has led to a set of regulations with good 
intentions and speedy amendments where initial procedures did not fulfil their 
goals. However, establishing one set of regulations and institutions that works for 
both academic and industrial research requires the simultaneous creation of suffi-
cient laboratory capacity for multiple research trajectories. Moreover, competent 
authorities and other approval institutions have to develop trust for the centralized 
process so that the new European regulatory platform can work. At present, the 
structure is not settled and a trial that is conceived in one regulatory setting and then 
falls under another experiences challenges during implementation and conduct. If 
academic clinical trials are valued as in the public interest, then support is needed to 
bridge periods of regulatory overhaul that will predictably affect specific research 
pathways and academic trials especially hard. Financial and administrative support 
by the EU institutions should be considered to avoid undermining EU-funded medi-
cal research in order to achieve better harmonized medical research practice in the 
long term. BAMI would certainly have run more smoothly if it had not been unfor-
tunately timed or if such support had been offered. Cooperation to remedy the fall-
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out of regulatory transition between the institutions overseeing and managing the 
regulation and the Directorate for Research, who gave millions in funding for the 
BAMI trial, might be worth considering for similar instances in the future. Facing 
both expected and unexpected challenges, the BAMI clinical teams have shown 
ingenuity, commitment and team spirit to keep going and expressed clear support in 
principle for the regulatory ambitions to introduce centralized approval procedures. 
It is obvious to them that such harmonization can overcome some of the obstacles 
from national and cultural variations in practices and customs that have previously 
made the conduct of multinational trials very difficult.
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Chapter 9
Oversight and Evidence in Stem Cell 
Innovation: An Examination of International 
Guidelines

Tamra Lysaght

Abbreviations

ASC Adult stem cell
EBM Evidence-based medicine
ESC Embryonic stem cell
FDA Food and Drug Administration
HCT/Ps Human cell- and tissue-based products
ICMS International Cellular Medicine Society
IRB Institutional Review Board
ISSCR International Society for Stem Cell Research
PHS Act Public Health Service Act
RCT Randomised controlled trials
SCBIs Stem cell-based interventions

9.1  Introduction

Stem cell-based interventions (SCBIs) offer enormous potential in the treatment of 
many significant diseases, illnesses and conditions. However, with the exception of 
a small number of malignant and non-malignant disorders of the blood and immune 
systems, the clinical use of stem cells thus far has mostly been limited to Phase I and 
Phase II clinical trials (Power and Rasko 2011). Despite the experimental status of 
many proposed approaches, some physicians in the USA and abroad have begun to 
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offer interventions with autologous adult stem cells (ASCs) for a variety of diseases 
and conditions outside the context of formal clinical trials (Lysaght and Campbell 
2013). For example, numerous high-profile professional athletes have reportedly 
been administered with autologous ASCs for sporting injuries (Caulfield and 
McGuire 2012). The Governor of Texas, Rick Perry, also underwent a similar pro-
cedure for back pain in 2011, and the Texas Medical Board has since established 
guidelines that allow physicians to administer stem cells in certain clinical settings 
(Cyranoski 2012).

The stem cells used in these procedures are apparently isolated from the bone 
marrow and/or adipose tissue of patients and expanded to unnaturally large numbers 
in culture before being administered back into the patient. These interventions are 
controversial because, even though early clinical studies have suggested that certain 
types of autologous ASC cultures may be relatively safe, evidence of efficacy out-
side of their current uses in certain blood and immune disorders has not yet been 
established (Trounson et al. 2011). At issue is whether interventions with autolo-
gous ASCs should be offered to patients as ‘innovative therapies’ without first 
establishing their safety and effectiveness in formal clinical trials.

From a legal perspective, regulatory agencies typically require evidence of safety 
and efficacy from formal clinical trials before licences are granted for the marketing 
and distribution of biological drugs for use in humans. Exemptions to this require-
ment are available for stem cell-based products that are for autologous use provid-
ing that they are only used in tissues that perform the same basic functions, are not 
mixed with other agents and are minimally manipulated. Licenced medical practi-
tioners may thus innovate with stem cells and use other licenced cell-based products 
‘off-label’, without initiating formal clinical trials to demonstrate their safety or 
effectiveness (Lindvall and Hyun 2009). Under the expanded access programme of 
the Food and Drug Administration (FDA), physicians in the USA may also apply 
for the so-called compassionate use of biological drug products that are being inves-
tigated in registered clinical trials. Providing there are no compatible alternatives, 
this ‘humanitarian’ provision allows physicians to offer investigational stem cell- 
based products to patients in the context of clinical care.

Even if some types of stem cells may legally be offered to certain patients as an 
innovative therapy without undergoing formal clinical trials, opinions differ over 
the need for scientific and ethical oversight. Two professional organisations, the 
International Society for Stem Cell Research (ISSCR) and the International Cellular 
Medicine Society (ICMS), have issued guidelines that reflect different perspectives 
on when it may be justifiable to introduce stem cell innovations into clinical settings 
without evidence from clinical trials that demonstrates their safety and effective-
ness. In this paper, I examine these guidelines for differences in how they each 
frame stem cell innovation and define what constitutes as evidence and oversight for 
such innovations. Specifically, I analyse how they each define key terms and con-
cepts and prescribe the level of oversight and standards of evidence that should be 
required before introducing a novel SCBI into clinical settings.
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9.2  Clinical Guidelines of the ISSCR and ICMS

Before proceeding, it is useful to provide a brief background on the two organisa-
tions as both guidelines are aimed at particular audiences in ways that reflect their 
overall mission and objectives. The ISSCR represents an international membership 
of mostly scientists and clinical researchers working within the broader field of stem 
cell science and is widely regarded as the leading authority for stem cell research. 
According to its mission statement, the organisation was established to ‘encourage 
the general field of research involving stem cells and to promote professional and 
public education in all areas of stem cell research and application’ (ISSCR 2002). 
Since its inception, the organisation has also played an important advocacy role in 
promoting a less restrictive regulatory environment for human embryonic stem cell 
(ESC) research in the USA. Specifically, the ISSCR has actively supported the relax-
ation of federal funding restrictions that were placed on human ESC research by 
President George W. Bush in 2001 and lifted by President Barack Obama in 2008.

In 2008, the ISSCR convened a taskforce to develop guidelines in response to the 
‘growing number of centers throughout the world that are testing stem cell interven-
tions and […] claiming to offer stem cell treatments for a variety of conditions 
without clear evidence of safety or efficacy’ (Daley et al. 2008). This response was 
made in the context of escalating concerns over patients travelling across interna-
tional borders to access ‘unproven’ treatments in a phenomenon often referred to as 
‘stem cell tourism’ (Regenberg et al. 2009, Lau et al. 2008, Kiatpongsan and Sipp 
2008, Kiatpongsan and Sipp 2009). The taskforce was composed of scientists, clini-
cians, law academics, bioethicists and patient advocates who, in consultation with 
the FDA, published their recommendations in the Guidelines for the Clinical 
Translation of Stem Cells (Hyun 2008).

While the ISSCR guidelines are generally targeted towards clinician-scientists 
working in translational areas of stem cell research, the ICMS guidelines are tar-
geted towards a much narrower audience of American medical practitioners who 
they claim are engaged specifically in ‘adult stem cell medicine’ (ICMS 2010): the 
membership is not, however, representative of physicians that specialise in the cur-
rently accepted clinical uses of stem cells (e.g. haematopoietic stem cell transplan-
tation) nor is the organisation aligned with other relevant bodies such as the 
Foundation for the Accreditation of Cellular Therapy or the International Society 
for Cellular Therapy. Rather, the ICMS originally formed as the American Stem 
Cell Therapy Association (2009) in response to claims made by the FDA that autol-
ogous ASCs were subject to regulation as biological drugs. These claims presum-
ably arose from legal actions taken against a Colorado-based company, whose 
medical director (and now CEO) is a founding member of ICMS and its predeces-
sor. In these proceedings, which were recently addressed by the US District Court 
of Columbia,1 the FDA claimed that the company’s expanded culture of bone 

1 The Court has since found in favour of the FDA. See United States v Regenerative Sciences, LLC 
et al. (2012) DC Cir. 47.

9 Oversight and Evidence in Stem Cell Innovation: An Examination of International…



220

marrow- derived mesenchymal stem cells was an adulterated and misbranded drug 
being entered into interstate commerce (Lysaght and Campbell 2011). The company 
denied these claims and instead argued (unsuccessfully) that the autologous use of 
their cultured stem cell product was a medical procedure that constituted as the 
practice of medicine and thus fell outside the regulator’s jurisdiction.

As part of its mission, the ICMS has since established a registry and an accredita-
tion programme to evaluate member clinics and operates on the premise that the 
autologous use of cultured ASCs is a medical procedure and not drug manufacturing 
(ICMS 2010). The ICMS (2012) has also released draft guidelines on ‘best practice 
standards’ for cell-based medicines, which focus exclusively on autologous ASCs. 
The clinical guidelines, which are presented in Section VII, were adopted from an 
earlier version (ICMS 2009) that was likely drafted by founding members during 
the legal proceedings against the FDA in the US District Court and is available on 
the ICMS website. In the following analysis, I compare this version with the ISSCR’s 
(2008) guidelines, starting with their definitions of key terms and concepts.

9.2.1  Defining Key Terms and Concepts

The definition of key terms and concepts is important because it helps to establish 
when an innovative use of stem cells would fall within the scope of medical practice 
and when it would require more rigorous oversight and regulation as research. Both 
guidelines agree that ‘the level of regulation and oversight should be proportionate 
to the degree of risk raised by a particular cell product and intended use’ (ISSCR 
2008, p. 7; ICMS 2012, p. 8). The ISSCR (2008, p. 6) guidelines also recognise that 
minimally manipulated products need not require the same level of oversight as 
‘cell products subjected to extensive manipulations ex vivo’. However, the ICMS 
(2012, p. 3) guidelines are framed around addressing a gap in ‘existing guidelines’ 
that focus on the ‘relatively greater risks of allogeneic transplants’ rather than the 
‘substantially smaller risk techniques’ used for the ‘minimal expansion’ of autolo-
gous ASCs.

This framing has significance within the regulatory context of the USA, where 
both organisations are based. In the USA, ASCs are classified as human cell- and 
tissue-based products (HCT/Ps) that fall under the purview of Sections 351 or 361 
of the Public Health Service Act (PHS Act) and Title 21 of the Code of Federal 
Regulations for Food and Drugs. Products that fall within Section 351 are regulated 
by the Center for Biologics Evaluation and Research Office of Cellular, Tissue, and 
Gene Therapies, a division of the FDA, which grants licences to manufacturers for 
the marketing and distribution of HCT/Ps within the USA. These licences are usu-
ally only granted after evidence of safety and efficacy has been demonstrated in 
clinical trials. Exemptions to this rule are permitted under Section 361 for products 
that are for homologous use, are not combined with other agents, are minimally 
manipulated and either have no systemic or metabolic effects or are either for repro-
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ductive use, allogeneic use in the first or second degree relative or autologous use2 
that is, cells must be implanted into the same individual from which they were 
recovered.3 These products are regulated solely under the PHS Act which only 
requires registration with the CBER and compliance with Current Good Tissue 
Practices for the prevention of communicable diseases.

Key to gaining this exemption, however, is the definition of minimal manipula-
tion. According to the regulations, minimal manipulation is defined as ‘processing 
that does not alter the relevant biological characteristics of cells’,4 and the FDA 
considers expanded cultures of ASCs to be more than minimally manipulated.5 The 
ISSCR (2008, p.  6) guidelines, which are aligned with these regulations, define 
minimal manipulation as ‘cells maintained in culture under non-proliferating condi-
tions for short periods of time, normally less than 48 h’. For these cells, the ISSCR 
(2008, p. 7) guidelines recommend adherence to any relevant laws that regulate the 
manufacture and use of HCT/Ps. They also recommend that ‘scientists and regula-
tors [...] work together to develop common reference standards for minimally 
acceptable changes during cell culture’.

The ICMS guidelines, on the other hand, limit the concept of cell manipulation 
to genetic modification and distance themselves from the regulator’s definitions by 
focusing instead on the notion of ‘minimal culture expansion’. In framing this con-
cept, the ICMS (2012, p. 3) guidelines draw an analogy between the ‘minimal cul-
ture expansion’ of autologous ASCs and the techniques that have developed in 
culturing human blastocysts for in vitro fertilisation. Minimal culture expansion is 
defined as cells cultured for no longer than 60 days and not exceeding ten passages 
after colony formation (2012, p. 8). According to the guidelines, the autologous use 
of ASCs that meet this definition should constitute the practice of medicine and be 
overseen by medical professionals, rather than the delegated regulatory authorities. 
Indeed, there is no mention of laws or regulations in the guidelines whatsoever.

In the USA, medical practice is not regulated by a federal agency but is instead 
governed by a complex framework of state licencing boards, professional accredita-
tion bodies, third-party payers and torts law (Taylor 2010). Medical and clinical 
research is subject to the US Health and Human Services Department’s Federal 
Policy for the Protection of Human Subjects (the ‘Common Rule’), which stipulates 
that research protocols must be reviewed and approved by an Institutional Review 
Board (IRB). However, this rule only applies to research that is conducted or sup-
ported by federal departments and agencies. Therefore, a stem cell innovation would 
fall solely within the practice of medicine providing that the procedure is not done 
in the context of research in a publicly funded institution and does not involve the 
use of an unlicenced biological drug product.

2 CFR Section 21 §§ Part 1271.10, revised 2012.
3 CFR Section 21 §§ Part 1271.3(a), revised 2012.
4 CFR Section 21 §§ Part 1271.3(f)(2), revised 2012.
5 ‘We do not agree that the expansion of mesenchymal cells in culture or the use of growth factors 
to expand umbilical cord blood stem cells are minimal manipulation.’ Final rule: 66 Fed. Reg. 
5447 (Apr 4, 2001) (to be codified at 21 CFR pt. 207, 807, and 1271).
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The concept of minimal manipulation in the ICMS guidelines has been framed 
in such a way that, if accepted, the autologous use of ‘minimally expanded’ ASC 
cultures would be excluded from regulation as a Section 361 product. The multiple 
passages and cell growth would thus provide physicians with the much greater lati-
tude to administer autologous ASCs without needing to apply for costly licences or 
register formal clinical trials, whereas the non-proliferating conditions and short 
culturing period endorsed in the ISSCR guidelines would see many, if not most 
types, of stem cell innovations falling under the purview of the regulatory authori-
ties as formal clinical research. This framing, along with recommendations that 
scientists work with regulators in generating clearer definitions of minimal manipu-
lation, discursively aligns the scientific and clinical research community with the 
regulatory agencies and situates the translation of stem cell medicine within the 
context of research. These framing strategies are also reflected in the level of over-
sight and standards of evidence that are prescribed in each guideline for the intro-
duction of stem cell innovations into clinical settings.

9.2.2  Establishing Evidence and Oversight Provisions

In the USA and elsewhere, medical interventions are generally introduced into clin-
ical settings through practice standards, codes and guidelines. International guide-
lines and ‘gold standards’ in clinical care are developed according to principles of 
evidence-based medicine (EBM) (Timmermans and Berg 2003). EBM is defined as 
the systematic evaluation of safety and efficacy through ‘the conscientious, explicit, 
and judicious use of current best evidence’ (Sackett et al. 1996). This paradigm, 
which now dominates the practice of modern medicine, is based on a hierarchical 
framework that evaluates the strength of evidence (Guyatt et al. 1995) and priori-
tises the meta-analysis and systematic review of randomised controlled trials 
(RCTs) over other evidence such as case-control studies and case reports (Greenhalgh 
and Rogers 2007). According to this approach, scientific evidence should be gath-
ered in formal research protocols, preferably in statistically significant double- 
blinded RCTs across multiple sites, before novel interventions are introduced into 
clinical settings.

The evidence base prescribed in the ISSCR guidelines is most consistent with 
these principles. While the guidelines do not explicitly prioritise RCTs, they assert 
that, with few exceptions, evidence to support the safety and efficacy of stem cells, 
from any source, outside of their currently accepted uses should be done within 
formal clinical trials and with appropriate regulatory oversight. It states that pre-
clinical studies ‘in an appropriate in vitro and/or animal model’ must first demon-
strate proof of principle and provide ‘persuasive evidence’ of the toxicity and 
efficacy of novel stem cell-based approaches (ISSCR 2008, p.  8). These studies 
should be carried out ‘prior to the initiation of clinical trials’ and be ‘subject to 
 rigorous and independent peer review and regulatory oversight’ (ISSCR 2008, p. 8). 
Human clinical research should then proceed under ‘internationally accepted prin-

T. Lysaght



223

ciples that govern the ethical conduct of clinical research and the protection of 
human subjects’ (ISSCR 2008, p. 11). All studies must also comply with local and 
national regulatory processes and be:

subject to independent review, approval, and ongoing monitoring by human subjects 
research oversight bodies with supplemental appropriate expertise to evaluate the unique 
aspects of stem cell research and its application in a variety of clinical disciplines. (ISSCR 
2008, p. 8)

This framework reflects the traditional paradigm of translational clinical research 
that dominates EBM. The in principle demonstration that an intervention is safe and 
effective in peer reviewed scientific studies is the beginning of a legitimation pro-
cess that validates evidence to support the introduction of novel medical interven-
tions through a pathway of Phase I–IV clinical trials. Efficacy is typically established 
during Phase III in RCTs. This process is not only epistemologically functional, but 
it has important legitimating effects in maintaining the professional credibility and 
accountability of clinicians working in the stem cell field (Wilson-Kovacs et  al. 
2010). Incorporating the relevant laws and regulations, and conducting clinical tri-
als in accordance with principles of EBM, reinforces the authority of science and 
scientific expertise over the collection, validation and oversight of evidence. It also 
ensures that this evidence is established in the context of research and not practice.

This approach differs substantially from the evidence base prescribed in the 
ICMS guidelines. Instead of establishing evidence through the translational path-
way, the ICMS guidelines asserts that the introduction of autologous ASCs be facili-
tated through an industry-managed registry and accreditation programme. According 
to the guidelines, the accreditation process would require members to submit infor-
mation about their ASC lines (and the patients they are administered to) as evidence 
to the ICMS registry. The cells would then be graded according to a matrix that 
classifies them as either having been established or unestablished ‘in prior human 
testing’ (ICMS 2012, p. 9). Established cells are considered to be ‘clinical grade’, 
while unestablished ASCs are broken down further into five categories (ICMS 2012, 
pp. 9–10):

 1. ‘Pre-investigational’ cell lines where no animal data are available. These lines 
should be tested in animals with IRB approval before being used in humans.

 2. ‘Early investigational’ cell lines where there are several animal models to show 
efficacy and safety but no human data exists. These cells may be used in early 
human studies with 5–10 patients with IRB approval.

 3. ‘Late investigational’ cell lines which are being tested in larger groups of 20–50 
patients with IRB approval.

 4. ‘Early clinical’ cell lines which are being administered clinically in 50–200 patients.
 5. ‘Late clinical’ cell lines which are being administered clinically in 100–300 patients.

The matrix contradicts the underlying premise that physicians are not manufac-
turing biological drugs when ‘cell lines’ are created and maintained in culture for 
continued testing in more than one patient. Furthermore, the evidence prescribed in 
this matrix would likely be limited to case series, which are descriptive studies that 
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do not rank highly in the hierarchy of evidence in EBM. While members are encour-
aged to conduct ‘blinded clinical trials’, they are not considered necessary as ‘ICMS 
physicians will pool resources to allow these trials to be undertaken so that insur-
ance reimbursement can be sought for therapies that pass this level of evidence’ 
(ICMS 2012, p. 22). IRB approval is only required until an intervention has been 
tested in 50 patients and exemptions are available for ‘late investigational cell lines’ 
that are used ‘within the same tissue category’ (i.e. homogeneous) of an established 
cell line (ICMS 2012, p. 22). Some cell lines may be ‘grand fathered’ into the reg-
istry if safety data exists that meets the above requirements with the ICMS (2012, 
p. 11) acting as the ‘final arbiter of the number cases followed in each stage and if 
those cases have shown significant complications’. The ICMS also ‘takes no posi-
tion on how research is funded’ and approves the use of ‘pay for trial’ type research 
(2012, p. 22).

The last statement implies that members may charge patients to take part in the 
prescribed investigational studies as a treatment option, regardless of whether a cell 
line has been established as safe or effective. It is reflective of a consumer-driven 
approach in which evidence is collected, validated and disseminated by medical 
professionals practicing within the context of the private healthcare industry in the 
USA. The registry, which is administered and overseen by the ICMS leadership, 
focuses largely on safety data, leaving market forces to determine whether a proce-
dure is effective or better than the available alternatives. Where properly controlled 
studies are encouraged, they are aimed at satisfying the evidentiary requirements of 
insurance providers. As third-party payers generally do not provide coverage for 
interventions that are considered as experimental, or outside the standard of care, 
establishing an ASC intervention as clinical practice, rather than research, not only 
has clear commercial imperatives, but it is an important framing strategy that inserts 
the authority of the medical profession over the legitimation of innovative medi-
cines with autologous ASCs.

9.2.3  Framing Stem Cell Innovation as Research or Practice

The analysis has thus far examined how each guideline defines key terms and con-
cepts, and prescribes the standards of oversight and evidence that should be required 
to introduce SCBI into clinical settings. However, both guidelines have additional 
provisions that allow members to administer stem cells outside these prescribed set-
tings as innovative therapies. While these provisions imply different standards of 
evidence and oversight, the underlying concepts are consistent with an overall 
approach that frames stem cell innovation as either research or practice.

The ICMS guidelines do not explicitly address the concept of innovation per se, 
but it is implied in Section K, which allows for ‘compassionate uses’ of untested 
cell lines in terminally ill patients. Under this section, unestablished cell lines, 
including pre-investigational cells, may be administered ‘without restriction’ pro-
vided that the patient is at end stage with a likely fatal illness or incurable disease 
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and ‘no other types of care are available or other reasonable alternatives have failed, 
and the patient’s condition is expected to worsen’ (ICMS 2012, p. 30). This progno-
sis should be confirmed in written statement from a ‘board certified physician in the 
same area of specialty’ and the intervention must be approved by an IRB (ICMS 
2012, p. 30). The guidance contradicts the classification matrix by stipulating that 
‘multiple animal models must be available showing efficacy’ for pre-investigational 
cells (ICMS 2012, p. 30), which may be a drafting error as these cells should then 
qualify as early investigational lines. In any case, it is implied that the use of these 
measures would arise as a variation in the care of an individual patient rather than 
as a formal research strategy.

The ISSCR (2008, p.  5) guidelines take a more direct approach in Section 7 
under the heading titled Stem Cell-Based Medical Innovation, which outlines the 
‘exceptional circumstances’ in which members may administer stem cells ‘outside 
the context of a formal clinical trial’. In this section, medical innovation is defined 
as an activity ‘aimed primarily at providing new forms of clinical care that have a 
reasonable chance of success for patients with few or no acceptable medical alterna-
tives’ and is distinguished from clinical research as being focused on improving ‘an 
individual patient’s condition’ rather than producing ‘generalisable knowledge’ 
(ISSCR 2008, p. 15). The guidance recognises that ‘responsible clinician-scientists 
may have an interest in providing medically innovative care’ with stem cells ‘prior 
to proceeding to a formal clinical trial’ (ISSCR 2008, p. 5). According to recom-
mendations that follow:

Clinician-scientists may provide unproven stem cell-based interventions to at most a very 
small number of patients outside the context of a formal clinical trial, provided that:

 (a) there is a written plan for the procedure that includes [...] scientific rationale and justification 
explaining why the procedure has a reasonable chance of success, including any preclinical 
evidence of proof-of- principle for efficacy and safety [...]

 (b) the written plan is approved through a peer review process by appropriate experts who have no 
vested interest in the proposed procedure. (ISSCR 2008, p. 15)

The guidelines also recommend that there be ‘a commitment by the clinician- 
scientist to use their experience to contribute to generalisable knowledge’ by ‘ascer-
taining outcomes in a systematic and objective manner’ and ‘moving to formal 
clinical trials in a timely manner’ (ISSCR 2008, p. 16). This provision implies that 
while innovation may occur outside the context of research in a limited set of certain 
circumstances, the ‘clinician-scientist’ should remain committed to the translational 
model of EBM.  The provision thus reinforces the role of science and scientific 
expertise in the oversight of stem cell innovation even when it occurs in the context 
of clinical practice.

The provision also has an important function in setting out criteria that, if not 
adhered to, should ‘call into question the legitimacy of the purported attempts at 
medical innovation’ (ISSCR 2008, p. 16). Indeed, the guidelines explicitly draw a 
distinction between ‘legitimate attempts at medical innovation’ and the ‘commer-
cial purveyance of unproven stem cell interventions’ where ‘a large series of 
patients’ are administered with stem cells ‘outside a clinical trial’ and charged for 
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such services (ISSCR 2008, p. 5). This distinction is important because it reflects 
the stated purpose of the ISSCR guidelines as the organisation’s response to clinical 
establishments offering SCBI outside the standard of care on a commercial basis. 
Members of the ISSCR taskforce reason that negative public reactions to the stem 
cell tourism industry could potentially undermine the credibility of stem cell sci-
ence if these establishments were to be associated with the broader field of stem cell 
research and innovation (Hyun 2008). By discursively distancing the scientific com-
munity from the perceived threat of stem cell tourism, the guidelines thus perform a 
degree of ‘boundary work’ (Gieryn 1999).

The ISSCR distinction is also in sharp contrast with the framework adopted in 
the ICMS guidelines. This framework not only endorses the administration of autol-
ogous ASCs to many patients outside clinical trials but allows members to charge 
patients throughout the investigational stages of the innovation process. The ICMS 
guidelines thus implicitly endorse a commercial model of stem cell innovation that 
the ISSCR guidelines explicitly reject. While it is not a norm for researchers to 
charge patients to take part in clinical trials, medical practitioners working in the 
private healthcare sector may administer non-standard/experimental procedures on 
a fee for service basis, even though patients are unlikely to be reimbursed from their 
insurance provider. These features, along with the evidence prescribed in each 
guideline, reinforces the respective framing of innovation and the authority of sci-
entific and clinical expertise in the emerging field of stem cell medicine.

9.3  Implications for Conceptual and Oversight Frameworks

In the above analysis, two policy documents from two organisations were examined 
to compare how they each frame the concept of innovation and apply standards of 
evidence and oversight for use of such innovations in clinical contexts. While the 
two organisations differ greatly in size, scope and global influence, this comparison 
nonetheless sheds light on how the framing strategies employed in these documents 
reflects their institutional interests. The framing of stem cell innovation as either 
research or practice normatively prescribes the contexts in which novel uses of 
autologous ASCs should be introduced into the clinical settings and who should 
oversee this process. This framing has important implications for who should have 
authority over the collection, validation and dissemination of evidence and what 
should count as evidence. Framing stem cell innovation as medical practice locates 
authority to oversee the introduction of stem cells into clinical contexts with the 
medical profession and privileges case studies/series in establishing evidence, while 
innovations that are framed as translational research are placed within the domain 
of the scientific community and prioritise the scientific method in generating evi-
dence. In this section, I will review some of the conceptual and practical implica-
tions of these findings for establishing oversight mechanisms and an evidence base 
for stem cell innovations.
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9.3.1  Conceptual Frames for Stem Cell Innovation

Despite occurring in many fields of medicine, and often with minimal oversight, 
medical innovation is often difficult to distinguish from practice and research, and 
innovative SCBI are unlikely to be any different. The Belmont Report, which forms 
the basis of the Common Rule and is applied internationally in legislative instru-
ments that regulate human subject research, defines medical practice as an interven-
tion designed solely to benefit an individual patient and research as an activity that 
is designed to test hypotheses and produce generalisable knowledge (United States 
Health and Human Services 1979). According to the Report, innovation occurs 
when there is a significant departure from accepted practice or variation in the stan-
dard of care that is not the object of a formal research protocol. The procedure may 
be new or experimental but does not constitute research unless it is the object of a 
formal protocol.

The distinctions made in this Report have drawn sharp criticisms. While the 
Report recommends that ‘major’ innovations be subject to research at an early 
stage, it provides considerable latitude in what constitutes as a significant departure 
from the standard of care (Eaton and Kennedy 2007). The Report is also inadequate 
in its analysis of how innovation is applied in the context of patient care or how 
novel treatments are developed when there are no accepted therapies (Agich 2001). 
In addition, there are financial incentives in how clinicians are reimbursed, and 
innovators may have a personal financial stake in the intellectual property that is 
connected to an innovative therapy (Taylor 2010). These incentives may encourage 
clinicians to experiment with innovative procedures and adopt them as practice 
rather than engage in the often onerous and costly burdens of research.

As they currently read, the ICMS guidelines are likely to have such implications 
by not only encouraging members to experiment with autologous ASCs as a matter 
of practice without initiating formal clinical research but providing a cover of legiti-
macy for commercial purveyors of unproven SCBI. The treatment of innovation in 
the guidelines, as delineated from research and practice, is tacit, at best: it does not 
explicitly mention innovation nor does it make any clear distinctions between 
research and practice. The recommended investigational stages within the accredi-
tation programme imply that some sort of research protocol would be required, but 
the various circumstances under which IRB approval would not be needed are con-
fusing and, in some places, contradictory. The endorsements that allow physicians 
to charge patients to take part in research, as if providing a service, obscures the 
distinction between research and practice even further.

A similar approach has been adopted by the Texas Medical Board. Following 
Governor Rick Perry’s intervention in 2011, the Board determined that the ‘use of 
investigational agents constitutes the practice of medicine’ and established stan-
dards that allow physicians to use stem cells in certain clinical settings pending 
approval from an IRB (Texas Medical Board 2012). According to these rules, which 
were adopted in July 2012, the use of stem cells shall be considered investigational 
‘unless they are used in the conduct of an FDA-approved protocol or until such time 
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as they are approved by the FDA’ (Texas Medical Board 2012). Such ‘investiga-
tional’ uses shall be permitted with the approval of an IRB but will exclude off-label 
uses of FDA-approved drugs and biologics, any HCT/Ps that are manufactured 
‘pursuant to Sections 351 and 361’ of the PHS Act, or anything that has already 
been approved by an IRB (Texas Medical Board 2012). As federal law requires that 
all stem cells, including autologous ASCs, be manufactured pursuant to the PHS 
Act, it is unclear precisely which type of stem cells would fall under the purview of 
these standards. The circumstances in which they would be used without IRB 
approval are also unclear as the standards exclude products that are IRB-approved 
from the definition of an investigational agent.

Setting aside these possible drafting issues, the Board has been widely criticised 
for appearing to allow physicians to substitute FDA oversight with an IRB approval. 
For instance, Levine argues that stipulations for IRB approval (without regulatory 
oversight) should only apply to investigational agents that fall outside the scope of 
FDA regulation and/or would not require premarketing approval (Levine 2012). He 
also raises concerns over the lack of reporting required for the evaluation of safety 
and efficacy. While the rules stipulate that investigational agents, whatever they may 
be, should be administered as part of a ‘systematic program competently designed, 
under accepted standards of scientific research’ (Texas Medical Board 2012), there 
is no requirement for results to be submitted to the Board or published more broadly 
within the scientific and medical literature, and physicians may presumably charge 
for these interventions on a pay-for-service basis. These conditions blur the bound-
ary between research and practice, and it is debatable as to whether the standards will 
provide physicians, let alone their patients, with clear guidance on when and how an 
innovative SCBI should be administered outside the context of formal trials.

The ISSCR guidelines provides some greater clarity by drawing on the distinc-
tions made in the Belmont Report and explicitly laying out some circumstances that 
might justify administering stem cells to patients outside clinical trials and without 
IRB approval. Members of the ISSCR taskforce have reasoned that innovation with 
some types of stem cells could occur within the context of patient care rather than 
achieving epistemic goals (Taylor 2010, Hyun 2010). Such contexts might include 
prescribing an approved stem cell line off-label for other non-approved purposes or 
applying for ‘compassionate use’ of investigational agents that are being adminis-
tered in registered clinical trials (Lindvall and Hyun 2009). Certain approaches also 
might not be fully amenable to clinical trial, such as those with a strong surgical 
component. In these circumstances, an ‘unproven’ SCBI could be administered to a 
small number of patients who have exhausted existing treatment options providing 
that the clinician has intentions of eventually investigating the intervention in a for-
mal research protocol.

While the ISSCR guidance provides a far more sophisticated framework for stem 
cell innovation, further clarification is needed to specify what types of treatments 
would constitute as ‘innovative’, when they should be provided to patients and 
according to what standards of evidence, whether and when they should move into 
clinical trials, and who should oversee this process (Cohen and Cohen 2010a). The 
guidance also does not indicate how far outside the standard of care an unproven 
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SCBI should be before formal clinical research is initiated nor how such variations 
in the standard of care should be assessed. Importantly, while distinguishing ‘legiti-
mate’ innovations from those provided to large numbers of patients on a fee-for- 
service basis, the ISSCR guidance does not specify how small patient population 
should be before clinicians should initiate clinical trials (Cohen and Cohen 2010b) 
nor who should pay for an unproven intervention if not the patient as neither public 
nor private healthcare systems are compelled to cover experimental procedures. The 
construct thus requires further development.

9.3.2  Oversight Frameworks for Stem Cell Innovations

In establishing oversight frameworks, some have looked towards the field of sur-
gery, which claims to have a rich tradition of innovation (Riskin et al. 2006). In 
2006, criteria were developed to help surgeons identify when a variation in standard 
practice should be considered as an innovation and when it should be incorporated 
into formal research protocols (Reitsma and Moreno 2006). According to these cri-
teria, innovations may be categorised as either a routine variation in the standard of 
care made in response to a patient’s individual needs, a significant variation that is 
intended to produce generalisable knowledge and requires IRB approval or a 
planned variation that is not aimed at testing a hypothesis but is to be administered 
to more than one patient in response to their needs. These criteria were subsequently 
adopted in the guidelines of the US Society of University Surgeons for the ethical 
development and application of surgical innovations (Biffl et al. 2008). They are 
meant to provide surgeons with the freedom to innovate with experimental proce-
dures and techniques without the burdens of clinical research.

Comparisons with surgery have some utility for stem cell innovation due to the 
likelihood that many SCBI will involve a surgical component in either retrieving 
and/or transplanting cells. For example, an international team of surgeons and sci-
entists have successfully transplanted two engineered tracheas seeded with autolo-
gous bone marrow-derived stem cells (Jungebluth et  al. 2011, Macchiarini et  al. 
2008). Both procedures were performed as life saving measures in the context of 
clinical care and represented a significant departure from the standard of care after 
established treatment options had been exhausted. The highly experimental innova-
tions, which involved the surgical removal of the patients’ windpipe and transplan-
tation of an engineered trachea, were not part of a formal clinical trial and were 
supported with only minimal preclinical animal data (Hollander 2010). Oversight 
was provided by local ethics committees, and, since both procedures also involved 
the use of engineered cells, special permission was obtained from the relevant 
authorities that regulate HCT/Ps in the various countries involved.

According to the 2008 amended version of the World Medical Association’s 
Declaration of Helsinki, unproven medical interventions such as these may be 
administered to small patient populations where existing treatments are ineffective 
or non-existent. Article 35 of the Declaration also states that:
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In the treatment of a patient, where proven interventions do not exist or have been ineffec-
tive, the physician, after seeking expert advice, with informed consent from the patient or a 
legally authorized representative, may use an unproven intervention if in the physician's 
judgement it offers hope of saving life, re-establishing health or alleviating suffering. 
Where possible, this intervention should be made the object of research, designed to evalu-
ate its safety and efficacy. In all cases, new information should be recorded and, where 
appropriate, made publicly available. (World Medical Association 2013)

These humanitarian provisions are reflected in the FDA’s expanded access pro-
gramme for investigational new drugs, as well as other regulatory regimes: for 
example, the ‘hospital use’ exemption of the Advanced Therapy Medicinal Products 
directive of the European Commission, which would have permitted the second 
trachea experiment to proceed. A major caveat when invoking these provisions, 
however, is that they are essentially reserved for one-off lifesaving interventions 
where no other comparable treatment options are available: they do not justify 
administering an unestablished intervention to large numbers of patients outside 
the context of formal clinical research, and charging them for it. Indeed, the state-
ment strongly suggests that experimental procedures should preferably be tested 
within a research protocol and be subject to the approval of an ethical review com-
mittee. Ordinarily, research protocols that involve human subjects are reviewed and 
approved by an IRB, but if the intervention is not subject to research, an approval 
could be sought from a hospital-based ethics committee or some other sanctioned 
group that provides oversight of ethical issues that arise in the context of clinical 
practice or patient care.

This approach concurs with the ISSCR guidelines, which recommends oversight 
from an appropriate body of experts, but not necessarily an IRB. Patrick Taylor, 
who presided on the ISSCR taskforce, has argued that IRBs are unsuitable for this 
task because they are already overburdened and they lack the institutional influence 
needed to manage the clinical risks involved in testing an innovative procedure 
(Taylor 2010). Instead, he and other members of the taskforce have proposed new 
oversight bodies similar to the local innovation committees recommended by the 
US Society of University Surgeons for surgical innovations (Lindvall and Hyun 
2009). These committees are meant to operate like an IRB but focus on quality 
control and patient safety and are aimed at giving surgeons the flexibility to innovate 
without further burdening the IRB system (Lindvall and Hyun 2009). An innovator 
would be directed to an IRB only after the committee believes that an innovation 
should be investigated under more rigorous conditions.

While appealing, innovation committees will likely be based within institutions 
that are appropriately resourced to provide administrative support and access to 
expertise in both stem cell science and the targeted medical condition. Clinicians 
who are not institutionally based or operate in countries that lack these resources 
could ‘outsource’ their review to the innovation committees of larger institutions.6 
However, the committee would not have the type of influence in clinical risk man-

6 This outsourcing occurs occasionally with specialist oversight committees for stem cell research 
(i.e. ESCRO or SCRO committees).
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agement that Taylor (2010) argues is lacking from the IRB structure in the first 
place. There are further questions over representation as committee members would 
have considerable influence over the classification of stem cell innovations as either 
routine variations or major departures from the standard of care, which will affect 
the degree of oversight and standards of evidence required of clinicians. Influence 
over these decisions not only raises possible conflicts of interest on the behalf of 
members who work in the field of stem cell research (Cohen and Cohen 2010a), but 
it also reinforces and legitimates the authority of certain types of knowledge and 
expertise over the translation of stem cell medicines, which arguably lies at the heart 
of the tensions in the two guidelines.

9.3.3  Standards of Evidence in Stem Cell Innovation

Both guidelines use framing strategies that normatively prescribes an evidence base 
that reflects the institutional interests of the organisation’s membership. One pres-
ents a version that privileges the authority of science in medicine by inserting scien-
tific knowledge and expertise in the collection, validation and oversight of evidence. 
This version aligns itself with the regulatory authorities and incorporates the rele-
vant laws that regulate HCT/Ps and medical experimentation with human subjects. 
The other privileges the knowledge and experience of medical professionals operat-
ing within less regulated and market-centric sectors of the private healthcare indus-
try in the USA. This version not only ignores existing laws and regulations that 
govern human subject research and commerce in biological drug products, but it 
fails to acknowledge the basic standards of evidence that should be required to 
establish an innovation with stem cells in clinical practice.

The ICMS guidelines prioritise case studies/series, which is unlikely to establish 
a persuasive evidence base to support the efficacy of cell cultures that are created 
for, and administered only once to, an individual patient. Placebo effects have been 
shown to be strong with somatic stem cell transplants, which, once tested in ade-
quately controlled studies outside their current uses, have tended to produce mixed 
results: probably due, in part, to a lack of standardisation and characterisation of 
ASC cultures (Trounson et al. 2011). Until these basic standards of evidence are 
met, it is unlikely that insurers and other third-party payers will provide coverage 
for any SCBI that is administered outside the standard of care, especially those 
using cells that lawfully fall under the jurisdiction of drug regulators. For physicians 
that operate outside of public and private reimbursement systems, however, the need 
to establish these standards becomes less pertinent. Instead, the emphasis shifts 
towards establishing accepted norms within a community of professionals who can 
attest to the reasonableness of an intervention in medical malpractice suits.7 While 

7 In the USA, medical torts laws fall within the jurisdiction of individual states although the general 
framework, as inherited from British common law, requires proof that substandard medical care 
resulted in an injury. For an overview of medical negligence law in the USA, see Bal (2008).
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it is unclear what sort of legal protection the ICMS guidelines might provide if 
members are sued for medical negligence following an injury with ASCs, both the 
registry and the compassion use provisions are far more aligned with these interests 
than meeting standards set out within EBM.

The ISSCR guidelines, on the other hand, embody the dominant paradigm of 
translational research in EBM by prioritising evidence that is gathered using scien-
tific methods in formal clinical trials. The current gold standard in EBM is multiple- 
site double-blinded RCTs (Timmermans and Berg 2003). However, medical 
innovations are often introduced into clinical settings, and accepted into practice, 
well before these standards are established (Denis et al. 2002). Indeed, EBM and its 
dominance in practice standards have been heavily criticised by scholars who have 
argued that the philosophical basis of EBM is epistemologically flawed for focusing 
too narrowly on the RCT (Cohen et al. 2004, Ashcroft 2004). Value judgements that 
are routinely used in clinical decision-making are systematically excluded from the 
RCT (Kerridge et al. 1998), while intrinsic biases are frequently ignored (Kelly and 
Moore 2012). The legitimacy of EBM has also been criticised for essentially replac-
ing one system of authority (the clinician) with another (the clinician-scientist) in 
the evaluation, legitimation and dissemination of evidence (Upshur and Tracy 
2004): these tensions are apparent in the two guidelines.

However, it is challenging to circumvent the need for rigorously tested evidence 
in medicine. This need was highlighted starkly with the use of autologous bone mar-
row stem cell transplant (BMT) with high-dose chemotherapy (HDC) for the treat-
ment of breast cancer in the late 1980s/1990s (Rettig et al. 2007). Considered as an 
innovation in medical practice at the time, the use of BMT-HDC for breast cancer did 
not require any specific regulatory approvals (the chemotherapy drugs were already 
approved, and the isolated cells were not expanded in culture) but was accepted into 
practice following a number of small clinical studies indicating its effectiveness in 
reducing the size of tumours. However, it was not until double- blinded RCTs had 
concluded that it was no more effective than the standard treatment in reducing mor-
tality that the procedure was abandoned. A confluence of commercial interests, 
patient advocacy and lawsuits against the third-party payers attributed to this ineffi-
cacious procedure being accepted into practice standards before reliable evidence of 
efficacy could be established in properly controlled trials.

Similar scenarios have been witnessed in the field of surgery where innovations 
in metal on metal hip replacements made of cobalt-chromium alloy, rather than 
ceramic or polyethylene, were recently found to have toxic effects in post- marketing 
studies after the early failure of thousands of implants (Cohen 2012). The assumed 
effectiveness of the widely practiced arthroscopic surgery for knee osteoarthritis has 
also been recently undermined in two RCTs (Mounsey and Ewigman 2009). To help 
manage the need for transparency and evidence in surgical innovation, the US 
Society of University Surgeons has recommended the establishment of registries 
that are meant to help provide early rationale for an innovative procedure and facili-
tate the sharing of information about the outcomes of experimental surgical proce-
dures (Biffl et al. 2008). However, a similar registry previously established by the 
American College of Surgeons is no longer available. Surgeons are now advised 

T. Lysaght



233

that for innovations that ‘depart in a significant way from standard or accepted prac-
tice, the innovation should be made the object of formal research at an early stage to 
determine if it is safe and effective’,8 although what counts as a ‘significant’ depar-
ture from the standard of care, and who makes these decisions, remains unclear. 
Indeed, recommendations made by the IDEAL consortium in the UK for more rig-
orous evaluation and oversight suggest that many of the ethical, regulatory and evi-
dentiary issues surrounding innovative surgery are still unresolved (Johnson and 
Rogers 2012) Thus, it would be premature to establish a framework for stem cell 
innovation based on the field of surgery.

9.4  Concluding Remarks

This paper analysed the guidelines of two international organisations on the clinical 
translation of innovative SCBI and found two different perspectives on when it may 
be justifiable to introduce stem cell innovations into clinical settings without evi-
dence from clinical trials. By framing stem cell innovation as either research or 
practice, the two guidelines each endorse different methodologies and standards of 
evidence and situate the authority to oversee the collection, validation and dissemi-
nation with either the scientific community or the medical profession. Differences 
in the level of oversight and evidence prescribed in each guideline are indicative of 
the contested authority of science and scientific expertise in the practice of medi-
cine. Through these guidelines, both organisations are arguably staking out territory 
in the enormously promising and potentially lucrative field of stem cell medicine on 
behalf of two very powerful institutions.

From the above analysis, the ISSCR clearly has the most coherent set of guide-
lines that are not overtly aligned with the interests of commercial purveyors who are 
seeking to profit while operating outside internationally accepted practice standards. 
However, a strong case for removing the oversight of new and innovative SCBIs 
from the existing ethics review framework is lacking. While current systems are 
imperfect and in need of ongoing improvement, especially where there are vested 
interests in the oversight of an innovation, it is unclear that their replacements will 
be any more efficient or effective in providing adequate protections for patients 
while enabling investigation into promising new therapies. Nor has an exceptional-
ist approach to stem cell innovation been adequately justified. Until then, better 
enforcement of existent laws and regulations that govern both medical practice and 
clinical research may be of greater value than inventing new and potentially less 
transparent mechanisms for stem cell innovation.

Part of the problem may be that the concept of ‘innovation’ is an unstable con-
struct that manifests in practice as unstructured and largely unsupervised medical 
experimentation. Indeed, the framing of innovation as clinical practice, and not 
medical experimentation, potentially creates a false dichotomy between the ethics 

8 See section V(A) of the American College of Surgeons (1997).
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of patient care and human subject research (Sugarman and Sipp 2010). If modern 
medical practice is predicated on evidenced-based approaches, then any innovation 
that is aimed at providing new forms of clinical care must necessarily contain an 
epistemological component. An intervention that has epistemic goals, even if they 
are not the primary focus, must still fall, at least in part, within an experimental 
paradigm. Therefore, administering stem cells of any sort to patients outside of their 
currently accepted uses to more than (perhaps) a very small number of patients 
without an IRB-approved protocol may be ethically problematic. How small this 
number should be and under what specific circumstances such procedures could 
occur without IRB approval, and who should oversee this process, warrants further 
interrogation.
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Chapter 10
The Regulation of Clinical Stem Cell Research 
in China

Li Jiang

10.1  Introduction

In the money-oriented global market, stem cell research is in some commercial area 
lacking proper moral standard and legal guidance. In 2003, the Chinese government 
launched the Ethical Guideline for Human Embryonic Stem Cell (HESC) Research. 
With increased interest in this field of research, the Chinese government has ordered 
a halt to the provision of unapproved stem cell treatments and clinical trials from 
2015. However, despite these emerging regulatory controls, stem cell therapy and 
clinical stem cell research are booming in China from the early 2000s until now. The 
deep root for this booming is the regulatory system for laboratory science and medi-
cal application in stem cell therapy developments.1

10.2  The Economic Motivation for Clinical Stem Cell 
Research

Many scientists believe that stem cell may cure a patchwork of unprecedented dis-
eases, such as diabetes, cancer, Parkinson’s, Alzheimer’s and heart diseases 
(Robbins-Roth 2001). The boundless potential of stem cells motivates countries to 
rebuild their current regulatory frameworks, facilitate stem cell research and 
maintain a competitive position in the global health market. In the USA, statistics 
from the National Institutes of Health (NIH) showed that the federal government 

1 Parts of this chapter are based on previously published work: (1) Jiang (2016a), (2) Jiang (2016b). 
Material from these two works is reprinted with permission from Springer Press and Mary Ann 
Liebert Inc. Publishers.
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invested nearly 1.429 billion dollars in 2015 and 1.495 billion dollars in 2016 for 
stem cell research.2 In Europe, 54 billion Euros were budgeted for HESC research 
from 2007 to 2013 (Watt 2006). In China, the Ministry of Science and Technology 
launched the 2500 million RMB key national research programme for stem cell and 
translational medicine from 2015.3 Certain health markets for luxury treatments 
have already matured around the world, such as for PGD, IVF, cancer treatment and 
sex selection. The question is why such governments have invested so heavily in 
stem cell research.

Chinese government desires an international and transnational competitive 
advantage. Stem cell research is still at an early stage, and researchers are develop-
ing the basic technologies for this area. To secure a competitive position in future 
commercial development, China provided excellent state funding-oriented stem cell 
research networks.4 The Chinese government believes that scientific research using 
stem cells is a worthwhile investment.

10.3  Stem Cell Research Funding in China

Generally speaking, the funding strategy was successful. The major funding of stem 
cell research in China is obtained from governmental organizations, ranging from 
the Ministry of Science and Technology and the National Natural Science Foundation 
to the Chinese Academy of Sciences. The 973 programmes5 and the major scientific 
research project programmes6 are the two main sources of stem cell research fund-
ing. The research field of funded programmes is within the popular areas of world 
stem cell research.7 The supporting priorities depend on China’s national Five-Year 
Plan for National Economic and Social Development. During the eleventh Five- 
Year Plan, 29 stem cell research projects were funded by the 973 programmes and 
the major scientific research project programmes (Chen et al. 2011). The money 
from these programmes exceeded 832 million RMB.  Over 50 research centres 
throughout the country obtained sponsorship from these programmes. In the latest 

2 https://www.bioinformant.com/stem-cell-funding/. Accessed online 13 Nov 2016.
3 http://www.most.gov.cn/tztg/201502/t20150226_118286.htm. Accessed online 13 Nov 2016; see 
also http://www.infzm.com/content/115819 Accessed 13 Nov 2016.
4 Ibid.
5 The 973 programmes, also called the national basic research programme, were established in June 
1997 in order to promote creativity and the sustainable development of China. Stem cell research 
is one supporting priority project by the 973 programmes.
6 The major scientific research project mainly sponsors four areas: protein research, research on 
quantum control, nanotechnology research and research on development and reproduction.
7 The hot research area in the world stem cell research is the embryo differentiation and transplant, 
iPS, HESC, tumour stem cell, neural stem cell, regulatory network of stem cell, stem cell used in 
heart disease treatment and core blood stem cell. See ibid.
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thirteenth Five-Year Plan, stem cell and regenerative medicine are still hot and heav-
ily invested areas.8

China’s stem cell research is conducted by experts, most of whom have either 
obtained an overseas university degree or have spent some time training overseas.9 
The China Global Expert Recruitment Programme is highly attractive with a variety 
of financial and research incentives.10 Third, some results of the funded programme 
are considered to be pioneering research worldwide. For example, Chinese scien-
tists were the first to verify the totipotency of induced pluripotent stem (iPS) cells 
(Zhao et al. 2009), as well as the first to find a way of generating the induced plu-
ripotent cell (Esteban et al. 2009). The research funding programme launched by the 
Chinese government facilitated China to be a rising star in regenerative medicine.

10.4  Stem Cell Industry in China

The stem cell research development to some extent depends on economic progress. 
Although the Chinese economy has grown in recent years, there is still a tremen-
dous gap between China and Western countries. With regard to stem cell research, 
the fundamental facilities in some laboratories such as those in Beijing or Shanghai 
are considered world class (Esteban et al. 2009). The environmental facilities and 
equipment of some laboratories are even envied by the world leading experts 
(Guotong 2007). Average Chinese laboratory facilities still lag behind those in 
developed countries. However, the stem cell industry in China, both with regard to 
technology and business models, is in a rapid development phrase, and this bodes 
well for future prosperity.

Focusing on therapy, stem cell research in China is in the rapid process of being 
transferred from basic scientific research to practicable diagnostic procedures. 
Shenzhen Beike (Beike) is one such company that has won world renown for its 
stem cell therapy. From the laboratory to hospital application, Beike’s highly repu-
table therapy has attracted patients from all over the world to undergo treatment in 
China. With the benefit of the first special economic zone of China, Beike combined 
laboratories and hospitals to establish treatment centres.11 As the president of Beike, 
Xiang Hu said, ‘[i]nitially, we only cooperated with laboratories and hospitals 
which offered a good standard of equipment, excellent environment and a high level 
team’ (Yong 2011). In order to promote the interaction, ‘Beike creatively launched 
a stem cell public technical service platform and constructed a stem cell clinical 
research network’ (Yong 2011). So far, Beike has announced the world’s largest 

8 http://www.tech-ce.com/news_detail.aspx?tid=2&id=15222. Accessed online 24 Sept 2016.
9 Ibid.
10 Ibid.
11 The city of Shenzhen has benefited of the ‘opening and reform’ policy by the Chinese leader 
Deng Xiaoping. As the first ‘special economic zone’, Shenzhen attracted many foreign investments 
as well as tax deductions (see Song 2011).
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clinical application security evaluation of allogeneic human umbilical cord blood- 
derived stem cells, as well as publishing the research data of effective treatment in 
systemic lupus erythematosus, hereditary ataxia and muscular dystrophy.12

Da An Gene is another high-tech enterprise oriented in molecular diagnostic 
techniques in China.13 Da An Gene offers a variety of genetic testing services includ-
ing the whole genome sequencing and the targeted sequencing, which is approved 
by the Chinese Food and Drug Administration (CFDA). It is noticeable that the big-
gest shareholder of Da An Gene is Sun Yat-sen University. Based on it, three research 
institutions of school level (Da An gene diagnostic centre, Sun Yat-sen University 
tissue matching centre and Sun Yat-sen University biotechnology research institute) 
are established. These platforms facilitate clinical biochemical tests, clinical immu-
nology test, clinical haematology inspection, clinical genetic tests, clinical gene 
inspection and clinical stem cell research as they are carried out in university’s labo-
ratory and used for research purpose.

Even in the capital market, it is possible to find companies whose main business 
relays on the stem cell industry. As the only one in the Shanghai and Shenzhen mar-
ket, Zhongyuan Union Stem Cell Bioengineering Corporation successfully operates 
three famous stem cell enterprises: Union Stem Cell Genetic Co. Ltd., Union East 
China Stem Cell Gene & Engineering Co. Ltd. and Heze Biotechnology Co. Ltd.. 
The company holds certain important patents such as umbilical cord tissue-derived 
mesenchymal seeded separation method, human umbilical cord mesenchymal stem 
cell antifibrotic injection and its preparation method, human adipose adult stem cell 
acquisition method and construction of the stem cell bank (Xiaoqin 2011). From the 
above, we can conclude that Chinese companies have already entered the down-
stream market of the stem cell industry.

10.5  The Legal Framework of Stem Cell Clinical Research 
in China

Awareness concerning regulatory issues associated with stem cell treatment is 
increasing in China, and various government responses have attempted to monitor 
these therapies. In 2003, the Ministry of Science and Technology and the Health 
Ministry jointly announced the Ethical Guideline for HESC Research (Guideline). 
The Guideline attempts to clarify the prohibitive issues for reproductive and regen-
erative therapies, such as researches on reproductive cloning and implanting 
embryos used for research into women’s wombs. Although the Guideline regulates 
some prohibited areas of research, no clause in the Guideline stipulates the qualifi-
cations of the research institutions or the licencing and supervising mechanism of 
the research project (The Ethical Guideline for HESC research in China 2003.). The 
Guideline seems to be too vague to monitor stem cell therapy.

12 The Beike Biotech website. http://beikebiotech.com/. Accessed 20 Nov 2015.
13 The Da An Gene website. http://daan.joomcn.com/index.php?option=com_content&view=article
&id=1&Itemid=113. Accessed 24 Sept 2016.
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In 2007, the Health Ministry launched the Ethical Guideline for Biomedical 
Research Involving Humans (Ethical Guideline) (The Ethical Guideline for 
Biomedical research involving human 2016). The Ethical Guideline attempts to pro-
tect human dignity and the rights of research subjects. Although the Ethical Guideline 
states that clinical research shall be reviewed by an ethics committee before com-
mencement, most studies are not examined by an ethics committee in practice 
because of the lack of a penalty clause in the Ethical Guideline (Esteban et al. 2009).

The authority seems now no longer to turn a blind eye to stem cell therapy any-
more. In August 2015, the Administration Measure on Clinical Stem Cell Research 
was launched, which is the first normative document related to stem cell therapy in 
China. The normative document is one source of regulation resulted from adminis-
trative decision, which should not have the force of law but is the basis of adminis-
trative enforcement. The promulgation of this document has been of great significance 
to the promotion of the sound and orderly development of stem cell research, as well 
as the supervision of stem cell therapy. Generally, the regulatory requirements and 
procedures in Administrative Measure are similar to other countries, such as stem 
cell clinical trials using Good Clinical Practice of Pharmaceutical Products (‘GCP’), 
the licencing of manufacturing using Good Manufacturing Practice (‘GMP’) and the 
adverse event reporting system (The Administrative Measure on Clinical Stem Cell 
Research in China 2015). The Administration Measure states that the research must 
comply with the principles of science, standardization, openness, ethics and suffi-
cient protection of the rights of research subjects (The Administrative Measure on 
Clinical Stem Cell Research in China 2015). Remarkably, the Administration 
Measure specially stipulates the following three perspectives:

10.5.1  Clarifying the Qualifications of Institution Conducting 
Clinical Stem Cell Research

Article 7 of the Measure states that the applicants for carrying out clinical stem cell 
research must demonstrate that:

 1. The institution shall be a grade III class A hospital and have relevant department 
involving with the clinical stem cell research.

 2. The institution shall be qualified for clinical testing of the relevant drug based on 
the law.

 3. The institution has a strong ability in medical treatment, research and teaching. 
The institution undertakes the major research project in stem cell area. Moreover, 
the research project shall be fully supported by a legitimate and sustainable fund.

 4. The institution shall facilitate a complete stem cell quality management capacity, 
an entire clinical stem cell research quality management system and an indepen-
dent stem cell research quality assurance office. The institution shall establish a 
qualified person responsibility system; record the whole preparation of stem cell 
drug, clinic research, quality and risk management; and keep the relevant documents 
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(including quality management manual, clinical research procedure, standard 
operation procedure and research record, etc.). The institution shall also estab-
lish a clinical stem cell research audit system, including the qualified internal 
examiner, internal examination and external examination.

 5. The responsible person for clinical stem cell research project and the qualified 
person for drug quality, who must be a senior professional title with academic 
goodwill, shall be appointed by the chief deputy person of the institution. The 
leading researcher shall be trained about GCP and attain the relevant qualifica-
tion. The institution shall fully facilitate human resources to conduct the accord-
ingly clinical stem cell research, regulate and implement the training plan for 
clinical stem cell researcher and evaluate the results of training.

 6. The institution shall establish academic committee and ethical committee com-
prised by high-level experts who have the capability to conduct clinical stem cell 
research.

 7. The institution shall establish the system to deal with the risk of the clinical stem 
cell research and handle the adverse reactions and events (The Administrative 
Measure on Clinical Stem Cell Research in China 2015).

10.5.2  Establishing the Initial Review, the Record Filing 
Mechanism and the Research Project Reporting System

Article 17 of Measure stipulates that research and pharmaceutical products involv-
ing with stem cell shall comply with some requirements, including GCP and GMP 
(The Administrative Measure on Clinical Stem Cell Research in China 2015).

Article 19 of Measure regulated that the institution’s academic committee is 
responsible for conducting a scientific review of record filing materials of the 
research application, especially in the following aspects:

 (1) The necessity of conducting clinic stem cell research
 (2) Whether the research project is scientifically appropriate
 (3) The feasibility of research project
 (4) The qualification of leading researchers and the training about clinical stem cell 

research
 (5) The risk of research project and relevant measures for preventing it
 (6) The quality control measure of preparing pharmaceutical products related to it

Article 20 further indicates that the institution’s ethical committee conducts an 
independent ethical review of the project (The Administrative Measure on Clinical 
Stem Cell Research in China 2015).

Article 24 requires the project materials, which has been reviewed by institu-
tion’s academic committee and ethical committee, should be jointly examined by 
provincial health administration and the food and drug administration and recorded 
by NHFPC and CFDA (The Administrative Measure on Clinical Stem Cell Research 
in China 2015).
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10.5.3  Reporting Unsafe Events in Clinical Stem Cell 
Research

Article 34 requires institutions to promptly report to the national and provincial 
health administration in case of severe adverse reactions and accidents (The 
Administrative Measure on Clinical Stem Cell Research in China 2015).

Article 35 requires institutions to promptly report to the institution’s academic 
committee and ethical committee in case of errors. The institution’s academic and 
committee and ethical committee shall report these errors to the national and pro-
vincial health administration (The Administrative Measure on Clinical Stem Cell 
Research in China 2015).

Article 36 requires that milestone of progress of research project shall be reviewed 
by the institution’s academic committee and ethical committee. The results of exam-
ination shall be reported to the national and the provincial health administration 
(The Administrative Measure on Clinical Stem Cell Research in China 2015).

10.6  The Remaining Unsolved Problems of Stem Cell 
Clinical Research Regulation in China

The new administrative measure seems to outline requirements for clinical stem cell 
research (Cyranoski 2015). Researchers who want to carry out stem cell-related 
research must register and seek approval by the CFDA. The administrative measure 
also shows that the Chinese government aims to regulate stem cell clinical research 
in line with the international documents, such as CIOMS/WHO International 
Ethical Guidelines on Biomedical Research Involving Human Subjects and the 
Helsinki Declaration. Indeed, the Administrative Measure has strengthened ethical 
and scientific review of clinical stem cell research, by requiring informed consent 
and using clinical grade stem cell. However, in principle, the Administrative 
Measure still needs more work in the following aspects.

10.6.1  The Lacking of a Liability Clause

The liability and penalties for violating the rules are not yet clear. Although the 
Ministry of Health wishes to supervise stem cell research through this Administrative 
Measure, it contains neither the clause about liability of persons involving clinical 
stem cell research nor the clause related to liability of persons monitoring clinical 
stem cell research. Without specific liability clauses, some institutions, hospitals 
and clinics might continue conducting uncertified stem cell therapy. The review, the 
record filing mechanism and the research reporting system might not be well per-
formed. The Administrative Measure would receive little attention from clinical 
researchers due to the lack of liability clauses. A similar concern is from the imple-
mentation of the Guideline for ethical review of biomedical research issued by 
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Ministry of Health in 2007.14 According to this Guideline, the ethical review must 
be taken before the commencement of the clinical trial.15 However, many stem cell 
therapies were conducted without ethical review by the ethical committee. One 
important reason for that is the vague liability clause of the Guideline. Under this 
Guideline, the principal personnel of these non-reviewed stem cell therapies were 
not penalized (The Ethical Guideline for Biomedical research involving human 
2016). Therefore, the lack of a liability clause will strongly influence the implemen-
tation of Administrative Measure.

10.6.2  The Lacking of a Traceability System

A system allowing complete traceability of the product and its starting materials is 
essential to monitor the safety of stem cell therapy.16 The traceability of stem cells 
and products developed from them is critical for the notification of serious adverse 
reactions and events. In addition, the traceability requirements have significant 
effect on the rate at the donated embryos and other materials in stem cell therapy 
(Corrigan et al. 2006). However, the Administrative Measure did not mention trace-
ability system. In the absence of traceability mechanisms, crucial details of a prod-
uct might not be provided to the patient. Traceability also plays a more general role 
in providing safe, high-quality and efficient clinical stem cell application. Verifiable 
quality assurances are delivered through traceability. The introduction of a trace-
ability system is central to the risk management of stem cell therapies. Most impor-
tantly, a traceability system can bolster liability incentives for institutions to practice 
its due diligence—conduct an act with a certain standard of care. Whether for statu-
tory or civil liability, traceability is a key element of proof. Not participating in the 
traceability system might release the liability burden of researchers, investigators 
and supervisors involved in stem cell therapy. Without a liability and traceability 
system, the effectiveness of Administrative Measure cannot be guaranteed.

10.6.3  The Lacking of Expert Responsible Authorities

In general, if stem cell regulation wants to be effective, it should be enforced by a 
special agency/committee, delegated by government, with expertise in the field of 
study. In China, the first Administrative Measure was jointly launched by NHFPC, 
which is affiliated to the Ministry of Health, and CFDA. However, the Administrative 
Measure has not certified who is the responsible authority, the Ministry of Health or 
CFDA.  And the Administrative Measure does not require establishing an expert 
committee focused on stem cell therapy. Without the expert responsible authority, 

14 The Guideline for Ethical Review of Biomedical Research 2007 in China.
15 Ibid.
16 EC Regulation No 1394/2007 on Advanced Therapy Medicinal Products and Amending Directive 
2001/83/EC and Regulation (EC) No 726/2004, [2007] O.J.L324/121.
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the demand of reviewing, recording and reporting clinical stem cell research might 
not be satisfied, and the quality and safety control of clinical stem cell research 
might not be assured.

10.6.4  Non-Applicable to Military Hospital

Military hospitals are beyond the regulatory regimes of Administrative Measures 
despite that the Administrative Measures are to establish a rigorous system to super-
vise stem cell therapy. In China, military hospitals are the main research institutions 
of stem cell therapies. If you search stem cell therapy online, hundreds of military 
hospitals providing stem cell therapy would be in the result list, including People’s 
Liberation Army Hospitals, Air Force Hospitals and Armed Police Force Hospitals. 
According to a survey by Dr. Dominique McMahon from the University of Toronto, 
36% of all stem cell therapies carried out in China are performed by military hospi-
tals (The Ethical Guideline for Biomedical research involving human 2016). 
Military hospitals are affiliated to the Health Division of the General Logistics 
Department in an administrative hierarchy. The General Logistics Department is in 
equal footing to the Ministry of Health. Therefore, military hospital is not the insti-
tution governed by the Ministry of Health. Since the Administrative Measure is a 
normative document issued by the Ministry of Health, surely military hospitals are 
not bound to comply with the Administrative Measure.

10.7  Stem Cell Industry in China

Regulating clinical stem cell research, which has been one of the most ethically 
controversial technologies of the present age, is an unenviable task for China. The 
ambit of the Administrative Measure is wide. The Chinese government hopes to rein 
the clinical stem cell research with the enforcement of the new order. However, the 
legal framework of clinical stem cell therapy leaves a door open for untested and 
unverified stem cell therapies. And it is still an open question whether the combina-
tion of the Ministry of Health and CFDA is capable of enforcing the Administrative 
Measures on hospitals.
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Chapter 11
Governing the Stem Cell Sector in India

Shashank S. Tiwari, Paul Martin, and Sujatha Raman

11.1  Introduction

India is a key player in the stem cell sector with significant government investment 
and research activities including the creation of new embryonic cell lines and pub-
lication of a number of scientific papers (DBT Annual Report 2015–2016; Inamdar 
et al. 2009; Pandey and Desai 2016; Sharma 2009). While these efforts have been 
commended nationally and in the international community, significant concerns 
began to emerge from the mid-2000s over unproven stem cell treatments being 
offered in clinics with apparently little by way of regulatory oversight (Jayaraman 
2005; Lander et al. 2008). In 2014, the Indian government began to respond to these 
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concerns by announcing legal changes that would, in theory, outlaw stem cell thera-
pies given the absence of clinical trial evidence on their safety and efficacy (CDSCO 
2014). In a further step, a new Drugs and Cosmetics (Amendment) Bill 2015 has 
been drafted to regulate clinical trials and medical devices and to classify the clini-
cal use of stem cells under the category of drugs.

In this chapter, we first review the background to these developments drawing 
from social scientific studies of the stem cell sector in India. We then consider the 
challenges and prospects for governing this sector in practice, building on concepts 
of governance in the study of law, politics and biomedicine which highlight the need 
to understand how regulatory objects are constituted and different possible modes 
by which an emerging technology might be actually governed. This helps clarify 
why stem cell activities, more specifically stem cell-based therapies, have been his-
torically difficult to regulate and the implications for the implementation of recent 
laws (CDSCO 2014; ICMR-DBT 2013; MoH&FW 2014).

In India, strictly research-based activities in stem cells have been relatively 
uncontroversial; rather, it has been clinical activities which have been objects of 
national and international concern. It is reported that many clinics in India make 
false claims about the efficacy of a wide range of stem cell treatments and, in some 
cases, have offer fake declarations of approval from governing bodies (Pandya 
2008; Sipp 2009). The reported use of embryonic stem cell therapies by Nutech 
Mediworld in New Delhi attracted widespread condemnation in the early days 
(Cohen and Cohen 2010; Khullar 2009; Padma 2006). Other claims related to the 
clinical use of adult stem cells have also been controversial (Pandya 2008; 
Rosemann and Chisainthop 2016). A rise in so-called stem cell tourism with 
patients from the West travelling to India to be treated has also been highlighted in 
international commentary (Cohen and Cohen 2010). Such uses of stem cells are 
taken to be ‘experimental’ in that the regimes in question are yet to be proven treat-
ments established as such through a recognised framework of clinical trials. It has 
therefore been argued that stem cell development in India operate in a ‘governance 
vacuum’ (Salter 2008).

Concerns about regulatory shortcomings around stem cell activities are not 
unique to India. For example, studies also highlight examples of unproven/untested 
stem cell treatments being advertised and offered in a range of countries including 
the USA (see Rosemann and Chiasinthop 2016; Turner and Knoepfler 2016). While 
we focus in this chapter on India, this case should be understood within the wider 
global political economy of stem cell activity.

Early studies on the stem cell sector in India concluded that the governance vac-
uum in India was a result of the lack of statutory regulation of stem cell activities 
(Cohen and Cohen 2010; Glasner 2009; Patra and Sleeboom-Faulkner 2009, 2010; 
Salter et al. 2007; Salter 2008; Sleeboom-Faulkner and Patra 2011). In 2007, the 
Indian Council of Medical Research (ICMR) and the Department of Biotechnology 
(DBT) had jointly issued a set of Guidelines for Stem Cell Research and Therapy 
(ICMR-DBT 2007). This 76-page document specified general ethical principles for 
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research and processes for formal committee approval of stem cell activities and for 
their periodic review/monitoring. In terms of procedures and underlying norms, the 
content was in line with mainstream bioethics. The guidelines stipulated that clini-
cal use of stem cells was not permitted and that any use of stem cells in clinical 
contexts (with the exception of already standardised uses of bone marrow transplan-
tation and epithelial therapies for corneal disorders) must be part of a clinical trial 
conducted after approval by a committee set up to oversee stem cell activity and the 
Drug Controller General of India (DCGI) who sits within the Central Drugs Standard 
Control Organization (CDSCO). However, since these guidelines lacked statutory 
backing, many scholars concluded that the way forward would be to give them leg-
islative weight. Rather than start from this assumption, we work from a more fun-
damental set of questions. How has the governance problem around stem cells been 
framed in India? What are the possible pathways for governing stem cell activity, 
including but not restricted to statutory guidelines? What does the effort to debate 
and govern stem cell therapy conceal as well as reveal about India’s engagement 
with biomedicine?

We begin by summarising key insights from social scientific studies of how law 
and governance work in practice, especially in relation to technologies associated 
with the life sciences. We then examine the significance of how the ‘object of gov-
ernance’ is constituted in the Indian stem cell case, paying specific attention to 
boundaries of jurisdiction between different regulatory agencies in the domains of 
biomedicine, biomedical research and stem cells. Insofar as stem cell treatments are 
offered in a clinical context, it should in theory be possible to govern them through 
the regime governing medical practice and practitioners, a point that those focusing 
on stem cell-specific guidelines fail to consider. We follow this up by examining the 
range of forms of regulation available (in principle) for addressing the governance 
vacuum around stem cells.

Second, the focus on a statutory gap as the underlying cause of legitimacy prob-
lems seems to be based on the assumption that laws, once enacted, automatically 
coerce people to behave in the ways intended by their designers. Yet, scholars in 
sociolegal studies have long highlighted the limits of a purely ‘top-down’ approach 
to understanding the nature and abilities of state intervention and of law itself (e.g. 
Kagan et al. 2003; May 2005). Issues of meaning, discretion and judgement remain 
important in the domain of more formal and codified laws. In democratic societies, 
when law ‘works’—or when it is seen to work—it is through a process that unfolds 
and becomes enacted through society rather than being imposed on it. This in turn 
also means that nonstatutory guidelines do not necessarily have to produce disorder 
or ethical transgressions as social or professional norms sometimes produce law- 
like behaviour (Jasanoff 2011). Multiple approaches to governing health care in 
India are now emerging beyond those represented by statutory laws alone (Peters 
and Muraleedharan 2008). In the main part of the chapter, we follow this insight by 
investigating different forms of governance (Pierre and Peters 2000) of medical 
practice in India and their relevance to stem cell clinical activity.
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11.2  Law-in-Practice and the Making of Governance

In this section, we distil key questions from scholarship on law, governance and the 
life sciences and technologies that help us identify the issues facing regulators of 
new developments such as stem cells and consider the different ways in which the 
stem cell sector in India might be governed.

First, how does a particular activity such as stem cell treatment, in our case, come 
to be seen as risky or needing regulation? A central problem for governance of 
research and development in biotechnology and the life sciences in all countries is 
the tension between the imperative to promote new technologies and the imperative 
to regulate them. In the case of biomedical research in the West, the tension was 
transformed into a productive one for scientists with regulation seen as a way of 
managing reputational risk (Dixon-Woods and Ashcroft 2008) and, in that respect, 
enabling rather than only constraining research. But how this tension plays out in 
different contexts is a matter to investigate. In India, reputational concerns are 
indeed regularly cited as a reason for needing statutory regulation.

Second, when new objects of governance are made visible as needing interven-
tion, how are they constituted and ordered? For example, both human and agricul-
tural biotechnologies have been constituted as a series of products in the USA, thus 
allowing them to be regulated by existing frameworks of contract law for market 
transactions with any grievances handled through the courts (Jasanoff 2011). By 
contrast, countries like Britain handled technologies such as those relating to sur-
rogacy through existing frameworks in family law. Different ways of constituting 
the object lent themselves to different spheres of jurisdiction, the political and cul-
tural legitimacy of which allowed governments to manage controversies around 
new technologies. Research on lawmaking therefore highlights the value of under-
standing how legal or regulatory questions are framed in the first place and how this 
matters for jurisdictional boundaries. This is a key issue for our case as framing the 
object in question as stem cell ‘research’ did not have the intended success.

Third, mechanisms of governance are not simply embedded in the state. 
Professional and political norms of practice and judgement may acquire law-like 
qualities despite never having been formally articulated as such (Jasanoff 2011); 
this means that stem cell practices could, in theory, be governed from ‘below’ and 
not just from ‘above’. Pierre and Peters (2000) distinguish between four modes of 
governance: a hierarchical, state-led model of command-and-control regulation, a 
market-based mode, a community-based mode and a distributed or network mode 
consisting of actors from different institutions and social groups. In the stem cell 
case, we could therefore explore alternatives to statutory regulation as well as ask 
how different modes interact in practice. For example, civil society groups might 
put pressure on the professions, industries or the state in order to hold them to 
account in terms of their role in governing. Professions and industries might call for 
more regulation by the state if they are concerned about reputational risk; equally, 
they might also put pressure on the state to relax regulatory constraints. We will 
explore these dynamics later in the chapter.
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Fourth and related to the above, a key question is what happens to statutory laws 
once they come into existence. Laws cannot by themselves compel people to act in 
expected ways. This point allows us to consider how the state, professions or other 
communities, industries and civil society interact in the process of implementing 
formal laws and policies.

Finally, bringing in a civil society perspective into the study of law opens up the 
possibility of fundamentally rethinking the terms on which the regulatory problem 
at stake has been framed in the first place. Salter et al. (2016) argue that given grow-
ing demand for stem cell treatments, more attention must be paid to the health 
consumer market rather than only efforts to regulate supply. By contrast, Kim 
(2014) highlights civil society activists in South Korea who have argued for stricter 
controls on stem cells in order to rein in a capitalist-developmental drive towards 
biotechnology and promote alternative pathways in the public interest. Given the 
inequalities entailed in the politics of life (Raman & Tutton 2010), we therefore 
might ask why a governance vacuum matters and to whom.

11.3  Methods

To understand the making and interpretation of law-in-practice, it is essential to 
consider how stakeholders ‘on the ground’ perceive the key issues—in this case, 
difficulties around stem cell governance and prospects for their remediation. Hence, 
a qualitative study of documents in different media (news and opinion, scientific 
literature, policy reports) and interviews with key stakeholders was undertaken.

Semi-structured interviews were conducted after ethical approval from the 
University of Nottingham, UK, during June 2010–January 2011, and again during 
September–October 2011, in various cities in India including New Delhi, Mumbai, 
Pune, Chennai, Bangalore, Hyderabad, Tirupati, Kolkata and Chandigarh where 
most of the research and clinical activities in stem cells are being carried out. 
Locations were identified on the basis of a mapping exercise in 2010 using docu-
ments available on the internet. Twenty-seven interviews (five scientists, 11 clini-
cians, seven firms’ representatives and four policymakers) were conducted by the 
first author, lasting between 45 min to an hour (with one exception, where the inter-
view finished in 15 min). The majority of the interviews were recorded with the 
informants’ permission and transcribed. However, in three cases, informants were 
not comfortable with the prospect of being recorded; hence, notes were taken and 
subsequently written up.

Documents included news items on stem cell activities published in leading 
newspapers available on the Internet (The Times of India, The Hindu, The Indian 
Express), science magazines (BioSpectrum India), official documents related to 
stem cell research and medical governance published by government bodies and 
articles published in international journals on stem cells in India (e.g. Nature, 
Science). There is a lively debate in Indian newspapers and journals (especially the 
Indian Journal of Medical Ethics) on the state of medical ethics in the country and 
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wider issues of negligence. These articles also provided key insights into how pro-
fessionals and commentators in India perceive the issues that are being discussed 
elsewhere in the international media and journal literature.

11.4  Constituting Stem Cell Research as the Object 
of Governance

As news emerged of unproven stem cell treatments being offered in India, 
respondents identified a ‘vacuum’ in governance which they traced to two key fac-
tors: the nonstatutory status of the 2007 ICMR-DBT guidelines and an overall frag-
mentation of regulatory authority (Patra and Sleeboom-Faulkner 2009; Salter et al. 
2007). The Indian Council of Medical Research (ICMR) is part of the Ministry of 
Health and Family Welfare, while the Department of Biotechnology (DBT) is in the 
Ministry of Science and Technology. Yet, such a structure does not necessarily have 
to fail as it might represent an effective way of combining forces in complex situa-
tions calling for multiple sources of expertise. Following Jasanoff’s (2011) injunc-
tion to consider how biotechnology is ordered, we ask how stem cell therapy has 
been constituted as a regulatory object. Framing the question this way sheds light on 
the terms in which the ‘problem’ to be regulated is made visible and jurisdictional 
boundaries drawn, which, in turn, allows us to consider if these boundaries might be 
defined differently.

In the early days, the Indian government was keen to promote Nutech Mediworld’s 
work with the then health secretary quoted in 2005 as saying that ‘sometimes, sci-
entific knowledge cannot wait for bureaucratic apparatus’ (Mudur 2005). However, 
fears about reputational risk (Dixon-Woods and Ashcroft 2008) began to emerge 
and stimulated a regulatory response. Many Indian scientists and clinicians 
expressed concerns to journalists about unwarranted claims made by Nutech 
Mediworld and others (e.g. Life Line Hospital, Chennai; All India Institute of 
Medical Sciences, New Delhi) regarding successful treatments based on stem cells 
(see Mudur 2005). A few took to journals in science and in medical ethics to criti-
cise these claims and the lack of an effective response from government (e.g. 
Jayaraman 2005; Padma 2006; Pandya 2008). Many urged the ICMR to take a 
firmer stance and ‘mandate’ medical ethics (Mudur 2005).

Given their keenness to secure investor confidence in biomedical research, it is 
not surprising that the Indian government responded quickly to these developments 
with the 2007 ICMR-DBT guidelines that were modelled on established Western 
bioethical frameworks. However, critics argued that these needed to have legislative 
force (e.g. Pandya 2008), a point that was also evident during interviews conducted 
with key players. One scientist (Scientist 1) working in a government-funded 
research laboratory who was interviewed pointed out that malpractice would only 
stop when the Indian Parliament backed up guidelines with legislation. He also 
argued that those who violated the guidelines should be punished. A private medical 
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practitioner (Clinician 1), who himself offered experimental stem cell therapy for 
muscular dystrophy, lamented that everyone was free to provide stem cell treat-
ments and that guidelines were ineffective since violations went unchecked.

This underlines the point made by others (Patra and Sleeboom-Faulkner 2010; 
Salter 2008) that guidelines cannot compel action in the way that laws potentially 
can. However, while the development of guidelines as a response to controversy was 
seemingly straightforward, the question of jurisdictional authority over their imple-
mentation has been more complicated. What was missed in this debate was the fact 
that neither the ICMR nor the DBT had a legislative remit over medical research. 
Interviewees in government and industry pointed out that the ICMR funds research 
and provides advice, while the DBT is an agency for funding (rather than regulat-
ing) preclinical and clinical R&D. Also, the DBT has no remit over activities taking 
place outside government-funded R&D programmes (Policymaker 2). Its stem cell 
task force and committees oversee the DBT’s own research activities, but these do 
not cover clinical trials.

The Drug Controller General of India (DCGI) which is frequently characterised 
as the ‘Indian FDA’ already had a mandate to regulate clinical trials and would have 
been the obvious candidate to extend its remit to stem cells. Only the DCGI has the 
authority to regulate their activities, an industry representative was quick to point 
out (Firms Representative 2). However, the DCGI had no experts of its own who 
were able to evaluate stem cell proposals, according to a policymaker. Also, in these 
early days, it appeared that the DCGI was uncertain about the reach of its powers 
which may be due to the fact that it is only nominally similar to the FDA with a 
remit primarily related to drug approvals (Sunder Rajan 2007). ‘Our FDA is not that 
strong’, noted a policymaker (Policymaker 2). Clinician 1 quoted above noted that 
the Drug Controller of India likewise acknowledged limits to their office’s remit 
over stem cell treatments.

This suggests a fundamental jurisdictional ambiguity with even the relevant 
agency unsure of what falls under its regulatory scope. Referring to the wider land-
scape of medical law, a policymaker (3) explained that those offering stem cell 
therapies did not interpret their activities as ‘research’ but rather as ‘treatment’ 
which they had a right to give as doctors. The ICMR-DBT guidelines did not seem 
to apply to them, in this view. Here, we begin to see that the jurisdictional difficul-
ties around identifying who has authority to regulate stem cell ‘research’ have arisen 
partly from the ambiguous boundary between research and therapy. For those offer-
ing stem cell therapy, guidelines pertaining to ‘research’ did not appear to have 
meaning since they saw themselves as treating patients rather than using them as 
research subjects for publishable studies (see also Bharadwaj 2014).

Comparing the 2007 guidelines with the new guidelines published in 2013, the 
most dramatic change related to the very title. In 2007, the document was labelled 
Guidelines for Stem Cell Research and Therapy (emphasis added). By 2013, this 
read Guidelines for Stem Cell Research. The writers of the foreword to the 2013 
document drew attention to the change, explaining that this was done to avoid con-
fusion over the fact that stem cell therapy is not allowed in the first place; hence, 
there can be no guidelines to govern it! The 2013 guidelines reiterated the point that 
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any clinical use of stem cells must be part of an authorised clinical trial, a point that 
was already present in the 2007 version but did not have meaning for those carrying 
out the activity in question.

To summarise, constituting the regulatory object as ‘research’ enabled the ICMR 
to bring its expertise in stem cells and bioethics to bear on the problem. However, 
since the ICMR could only provide advice, the DCGI’s statutory powers were high-
lighted as the answer to the problem of ICMR’s guidelines being ignored in prac-
tice. However, insofar as unproven therapy was being provided in clinical settings 
outside recognised clinical trials, bringing this activity under DCGI’s remit proved 
challenging in the first instance.

11.4.1  Reconstituting Stem Cell Governance

So far we have highlighted the jurisdictional ambiguities that challenge one- 
dimensional accounts of a governance vacuum in stem cell research. Yet, jurisdic-
tional boundaries and the objects of regulation can be open to reconstitution as was 
evident at the time of fieldwork and confirmed by recent developments in stem cell 
governance. In light of the persistent controversy over stem cell therapies, the story 
of what the ‘Indian FDA’ can or cannot do was slowly being opened up to alterna-
tive interpretations in interviews conducted in 2010–2011. For example, one policy-
maker (1) observed that initially the DCGI thought that stem cells were not 
‘biological entities’ relevant to their purview, but later, they realised that it could be 
classified under the category of biological products which they had authority to 
regulate. As clinicians began to offer marketable stem cell products, they were 
opening themselves up to scrutiny by the DCGI under its existing remit which 
(unlike the DBT) covers both public and private activities.

In 2012, the DCGI constituted a special division for stem cells in response to 
criticisms that it did not have any internal evaluation mechanism (BioSpectrum 
India, April 30, 2012). In practice, DCGI’s reliance on the ICMR is likely to con-
tinue as ICMR’s Director General is also the Chair of the new division, though as 
one interviewee noted, both agencies are part of the same ministry and this co- 
working need not be construed as a problem (Policymaker 2). In 2014, in addition 
to the publication of revised guidelines mentioned above from the ICMR-DBT, the 
DCGI announced that it would modify the Drugs and Cosmetics Act to treat ‘stem 
cells and cell-based products’ as new drugs (CDSCO 2014). In a subsequent initia-
tive, the Ministry of Health and Family Welfare introduced the draft Drugs and 
Cosmetics (Amendment) Bill 2015 for the same reason.

In sum, jurisdictional ambiguities over the governance of stem cell therapy seem 
to have finally been resolved with the ICMR-DBT revising their guidelines and the 
DCGI extending their statutory remit to stem cells. Statutory laws are in place to 
address earlier criticisms of guidelines. Yet, if the meaning of law is determined in 
practice, legal amendments are insufficient in themselves to draw a line under the 
challenges of stem cell governance. While the DCGI has addressed the ambiguity 
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over who has legal jurisdiction over stem cell uses, we still need to know how medi-
cal law works on the ground in order to make sense of the practical implications of 
DCGI’s efforts. In the next section, we explore ways in which clinical medicine is 
regulated in India and their prospects for contributing to the governance of stem cell 
therapy.

11.5  Enacting Stem Cell Governance Through Regulation 
of Clinical Practice?

Even well-ordered statutory laws require mechanisms for enforcement. One inter-
viewee (Policymaker 3) implicitly raised the possibility of potential violations alto-
gether going unnoticed—in the absence of complaints actually being lodged, there 
was little that regulators could do. In this section, we consider two possible routes 
by which recent stem cell laws may—or may not—be enacted in practice, first, 
through professional self-regulation and second, through the broader edifice of stat-
utory law governing clinical practice. We examine the difference, if any, that law 
makes through its interaction with the medical profession and the courts.

We adapt Pierre and Peters’ (2000) four-part typology of governance to a simpler 
distinction between centralised (‘hierarchical’ models) and decentralised forms 
(more distributed models). This also allows us to consider decentralised approaches 
which derive from legislation (e.g. consumer legislation, professional guidelines 
such as those issued by ICMR-DBT on stem cells) as well as the activities of those 
formally ‘external’ to the state (e.g. civil society) but which might still involve put-
ting pressure on governments to act in particular ways. Decentralised modes of 
governance do not mean the state is absent.

International and national guidelines stipulate that clinical uses of stem cells 
must be as part of a clinical trial for research conducted under established regula-
tory protocols. If, as we have argued, stem cell therapy escaped the regulatory net 
due to its location in a health-care market rather than research per se, one option 
might be self-regulation through ethical codes of conduct that cover clinical prac-
tice. However self-regulation is complicated by the fact that professionals will 
inevitably have their own views about how regulation should or should not proceed. 
For example, many leading Indian stem cell clinicians have requested the govern-
ment of India and the current Prime Minister Mr. Modi to reconsider the proposal 
of classifying autologous stem cells under the category of drugs (Stem Cell Society 
of India 2015). We therefore need to consider how professional norms are them-
selves shaped, including the role of the state in regulating the medical profession 
and providing an overarching structure within which medical providers govern 
themselves.

Sanctioned by the Indian Medical Council Act of 1956, the Medical Council of 
India (MCI) is the primary regulatory body for maintaining uniform standards of 
medical education and certifying medical qualifications. Medical practitioners reg-
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ister through state-level councils overseen by the MCI. In 2002, the MCI introduced 
the Indian Medical Council (Professional Conduct, Etiquette and Ethics) 
Regulations of 2002 to cover codes of conduct for practitioners, which again operate 
through state councils. However, violations of the code have been noted and the 
code itself challenged as impractical in a highly market-driven health-care sector. 
For instance, some clinicians and corporate hospitals advertise their medical ser-
vices through media interviews or hoardings at public places although the medical 
code considers advertising to be unethical (Balasubramanian 2008). It is only 
recently that MCI started taking action on medical service advertisements 
(Perappadan 2014). Overall, the MCI, at both central and state levels, is perceived 
to be ineffective in monitoring codes of conduct with critics charging that ‘they have 
not bothered to exercise the powers given to check unethical medical practice’ 
(Pandya 2007, p. 2). The MCI and state medical councils have also been plagued 
with corruption charges over the years (Pandya 2007; The Times of India, April 24, 
2010). The government of India policy think-tank, the National Institution for 
Transforming India (NITI Aayog), has recently called for replacing the tainted MCI 
with a new National Medical Commission, and a bill along these lines has since 
been drafted (Bhargava 2016).

In addition to state-sanctioned councils, the Indian Medical Association (IMA) is 
the main professional body for doctors. Its website highlights that ‘[IMA] looks 
after the interest of doctors as well as the well-being of the community at large’.1 
However, in a stinging critique, one doctor charges the IMA with behaving ‘as an 
interest group pushing the special interests of doctors instead of society as a whole’ 
and altogether failing to contribute to policy on improving health indices in India 
(Thomas 2011, p. 2). Dr. Thomas also takes the MCI to task for failing to provide 
leadership on ethics education for doctors (Thomas 2011).

Madhiwalla (2011, p. 3) argues that the medical profession in India has not tra-
ditionally faced the type of public scrutiny that medicine received in the West owing 
to its origins as a sector built ‘by both the colonial and the independent Indian state 
as the vehicle of modernity and welfare’. An interest in bioethics emerged in the 
1980s from controversy over the role of medicine in the 1984 Bhopal disaster and 
earlier, in sterilisation programmes introduced during the 1975 Emergency. 
However, it remained a niche interest with few roots in professional education.

Others emphasise the need for guidelines to be backed up by threat of sanctions. 
Commenting on the lack of efficacy of the MCI’s code of conduct, one doctor said, 
‘it is important to have ethical guidelines. But the profession should enforce them. 
We need to develop mechanisms so that a variety of transgressions are regulated and 
penalised’ (Dr. K. Reddy quoted in Jain 2010). Once again, there are strong hopes 
pinned on statutory law. However, the question is how violations of laws or profes-
sional codes become visible in the first place. Who notices if something goes wrong? 
We turn to this question below.

At present, medical ethics violations are dealt with indirectly under various 
sections of the Indian Penal Code which defines criminal acts and related punish-

1 http://www.ima-india.org/IMA.html.
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ments (Dhar 2010). Section 304-A of the Code deals with complaints against medi-
cal practitioners for alleged medical negligence (Nayak 2004) which includes 
violations of medical ethics (Dhar 2010). The civil Law of Torts is considered to be 
among the most significant for governing medical malpractice as it has been suc-
cessfully applied in many cases (Peters and Muraleedharan 2008). It applies to all 
health professionals, whether in the public or the private sector. This law also covers 
circumstances when a clinician treats a patient without informed consent (Nandimath 
2009). The Indian Contract Act of 1872 provides legal protection to agreements 
between the parties but has hardly been used for health issues in India (Peters and 
Muraleedharan 2008).

Taken together, these legal avenues appear to offer some statutory weight for 
governing medical practices including unproven stem cell treatments. So, if such 
treatments were offered despite recent legal amendments, these cases could, in the-
ory, be pursued by underpinning legislation such as the Indian Penal Code. However, 
the social meaning (Jasanoff 2011) of any of these laws as they have been applied 
in the medical sector is problematic given the way in which they have been tended 
to be interpreted in the courts and entrenched delays in completing court cases 
(BBC, October 24, 2013; The Times of India, March 6, 2010). According to one 
Indian Supreme Court order, the opinion of an expert or panel of doctors is neces-
sary to begin a case (Kamath 2010). It is also alleged that courts have tended to 
favour medical providers in their rulings (Peters and Muraleedharan 2008).

For these reasons, Peters and Muraleedharan (2008) suggest that focusing on 
enforcement of legal mechanisms is insufficient since ‘the limited ability to enforce 
civil and criminal laws in India is well known’ (Peters and Muraleedharan 2008, 
p. 2137). Hence they call for approaches focusing on the capacity of consumers to 
raise complaints through alternative forums. This then opens up the possibility of 
making sense of stem cell governance through a wider perspective offered by inves-
tigations of the relationship between law, medicine and civil society, a question to 
which we now turn.

11.6  Stem Cell Governance Through Civil Society

If neither statutory laws nor professional self-regulation is sufficient for governance, 
we need to ask how law may be supported or given meaning through its embedding 
in civil society. Second, a civil society perspective also reopens the very question 
around which the notion of a ‘governance vacuum’ in the Indian stem cell sector has 
emerged. We consider each of these issues in turn.

One way to deal with the limits of the court system is to develop alternative 
mechanisms of enforcing medical laws. Here, the Consumer Protection Act (CPA) 
of 1986 is potentially relevant as it is meant to protect the interests of consumers 
from poor-quality products/services and provide quicker responses to grievances by 
circumventing the delays of court cases (Peters and Muraleedharan 2008). Cases are 
brought to consumer forums which do not require court fees. Medical services were 
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included in this act in the year 1995 after a Supreme Court ruling that ‘patients 
aggrieved by deficiencies in medical services rendered for payment can claim dam-
ages under the act’ (Mudur 1995, p. 1385). However, complainants still do have 
costs and delays beyond the stipulated 3-month limit remain a problem. 
Unsurprisingly, most health cases tend to be brought by wealthier and educated 
families (Peters and Muraleedharan 2008).

Also, the CPA covers only private clinicians who offer paid services. As with the 
Indian Penal Code, the CPA requires expert advice from other doctors for a case of 
alleged malpractice or negligence to be brought (Joshi 2011). This act also does not 
cover clinicians working in public hospitals. In theory, this gap should not be rele-
vant to the case of stem cell treatments which are primarily offered in private prac-
tice for a fee, while services in government-run public hospitals are, for the most 
part, free. However, the link between private and public health care is more blurred 
in practice with public-sector doctors doing private practice and sometimes refer-
ring their patients to private facilities for certain services. This may also account for 
the fact that the private sector accounts for 80% of health-care services in India 
(Peters and Muraleedharan 2008), despite high levels of poverty.

If public-sector medicine does become relevant to the governance of stem cell 
therapy through interfaces with the private, the gap in the CPA could, in principle, 
be addressed through right-to-know laws (Jasanoff 1988) which allow individuals to 
access information held by public authorities. India introduced a Right to Information 
Act in 2005 which has been used over the years by activists to seek information on 
clinical trials and publicise ethical violations (Paliwal 2011). Mere exposure of vio-
lations does not guarantee that perpetrators will be held to account. For example, in 
one case in Madhya Pradesh, government doctors were found to have made millions 
of dollars through their role in corrupt clinical trials though this resulted in a mere 
$100 fine (Yee 2012). Still, it is worth asking if such outcomes might be trans-
formed in future through civil society activism.

The role of organised civil society action around biomedicine is similarly becom-
ing stronger; however, the capacity to impact on ‘high-tech’ biomedicine is more 
complex. Bhattacharya et al. (2008) claim that the exploitation of poor people dur-
ing clinical trials and surrogacy or issues related to the trade in organs and human 
tissues have gone unnoticed, failing to create a mass movement. Controversial HPV 
vaccine trials did, however, spark organised action and led to the trials being sus-
pended (Sarojini et al. 2010). Following protests in February 2011 around clinical 
trials involving victims of the Bhopal gas disaster (Rajalakshmi 2012), the govern-
ment of India was compelled to take action against clinicians who were involved, 
though health activists subsequently criticised the penalty imposed as a mere token 
(Yee 2012). Such episodes helped trigger the government effort to amend and 
strengthen the 1940 Drugs and Cosmetics Act with new powers to punish violations. 
So, while health activism does have a history in India (Madhiwalla 2011), it is only 
now increasing in national visibility.

In sum, the ability to enact stem cell laws through civil society mechanisms 
remains limited, unless patients perceive their rights to have been violated and have 
the wherewithal to follow through. More significantly, looking at stem cell gover-
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nance through a civil society lens allows us open up broader questions as Kim 
(2014) has done with reference to South Korea. A key question for future work 
might be to explore opportunities for activists to reframe the concern about a ‘gov-
ernance vacuum’ around unproven therapies to a social justice concern about the 
very development of stem cell biomedicine in a context of radical social and health- 
care inequalities. If stem cell therapies were to be developed in a way that might 
benefit a wider spectrum of people, questions about governance would look very 
different.

11.7  Conclusion

We began this chapter by asking why has it been difficult to govern stem cell treat-
ments offered in India and the prospects for this vacuum in governance (Sleeboom- 
Faulkner and Patra 2008; Salter 2008) to be remedied. Many have argued that the 
answer is to create statutory/legal backing for stem cell research guidelines devel-
oped by the two major agencies in the sector, the ICMR and the DBT. We have 
shown that this diagnosis of a statutory gap is inadequate since the construction of 
law and the boundaries of regulatory objects need attention as do the ways in which 
laws and law-like behaviour work in practice through social and institutional inter-
actions (Jasanoff 1988; 2011). Indeed, the statutory gap in Indian stem cell gover-
nance was recently addressed with changes announced in 2014–2015 to the Drug 
Controller of India’s (DCGI) legal remit and a revised set of guidelines produced by 
the ICMR-DBT guidelines at the same time. But questions still remain over the 
capacity to enact law-in-practice and enforce the new laws.

Our analysis highlighted a key jurisdictional ambiguity around stem cell therapy. 
The ICMR-DBT guidelines were framed in terms of stem cell research, but research 
implies the conduct of clinical trials. Until recently, stem cell therapies escaped the 
regulatory net of the Drug Controller General of India (DCGI) as they did not take 
place under the auspices of a trial, sitting primarily in a private market for clinical 
services. Patients may have taken the risk—or opportunity—of ‘therapeutic con-
sumption’ (Sunder Rajan 2007) without a system of governmental protection 
backed up by the ability to enforce sanctions. But this indicates that the reputational 
controversy around Indian stem cell activities did not affect clinical practice even 
though it damaged the cause of research and eventually led to the recent amend-
ments. The ability to enact these laws in practice depends on their interactions with 
the medical profession (specifically, mechanisms such as codes of conduct issued 
by the Medical Council of India), the wider edifice of health-care governance (spe-
cifically, statutory and quasi-statutory options available through the Indian Penal 
Code or the 1986 Consumer Protection Act) and civil society activism. However, we 
found that these too are problematic for a number of reasons. If legal violations go 
unnoticed, a de facto ‘governance vacuum’ would still persist. Medical negligence 
cases may be on the rise in India but hardly represent a viable option for the major-
ity, not least for the costs they impose on individuals and on the health-care system 
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as a whole. Civil society activism around health is becoming more visible, but this 
is necessarily centred on remedying the serious inequalities of health-care access in 
a country where the commercial sector accounts for 80% of health-care services 
rather than violations in stem cell treatments per se.

In the end, we need to acknowledge that stem cell treatments are primarily 
offered to those who can afford them—or who find the means to afford them. This 
then means asking not only whose rights are potentially being violated by unethical/
unregulated treatments, but what the rise of such commercial treatments means for 
others’ rights to health care. It also means attending to the question of who can cur-
rently afford to participate in such a market and who is effectively excluded at the 
outset from future markets for better-regulated/certified forms of stem cell treat-
ment. The vacuum around stem cell activity in India—be it a vacuum in governance 
or in bioethical behaviour—is more problematic than a simple failure to adequately 
enforce guidelines through statutory or nonstatutory means. Rather, the vacuum 
encompasses multiple inequalities in the politics of life (Raman and Tutton 2010) 
that shape the governance and delivery of health care which need to be placed centre 
stage in such debates over biomedical research governance.
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Chapter 12
Patenting Human Embryonic Stem Cells 
in the European Union Context: An Updated 
Analysis of a Complex Issue

Iñigo de Miguel Beriain

12.1  Introduction

Is it possible to patent human embryonic stem cells (hESC)? This question plays a 
key role in the debate on the future of regenerative medicine in so far as patentabil-
ity is extremely important to ensure the development of a concrete biotechnology. 
As Brian Salter wrote some years ago,

Without IPR, and in particular patent protection, emerging markets would find it difficult 
(or more difficult) to develop since the tangible product has yet to appear and economic 
value is embedded in the potential application of the knowledge. This problem is particu-
larly acute in high-tech and research based Small to Medium Enterprises (SMEs) for whom 
their IPR is their main asset (Salter 2007).

However, the access to hESC patents has been largely denied to enterprises and 
researchers in the EU context. This has been for a number of different reasons that 
have contributed to darken the debate and, sometimes, to arrive at rulings that con-
tradicted the state of the art in biology, such as the prohibition to patent hESC lines 
produced, thanks to a parthenogenesis process.

The aim of this chapter is to discuss the current juridical debate on the patent-
ability of the hESC in the European context via an updated analysis of the European 
Patent Office (EPO onwards) and the Court of Justice of the European Union (CJEU 
onwards) jurisprudence and the normative framework created by both the European 
Patent Convention (EPC onwards) and the EU Directive on biotechnological inven-
tions (Directive 98/44/EC of the European Parliament and of the Council of 6 July 
1998 on the legal protection of biotechnological inventions). This will include a 
final reflection on the recent changes introduced by Case C-364/13 (International 
Stem Cell Corporation v Comptroller General of Patents, Designs and Trademarks) 
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and the probable consequences it might bring to the patentability of hESC accord-
ing to the attitudes adopted by the EPO in 2016.

12.2  Patenting hESC: The Normative Framework

What are the normative limits to the patentability of hESC? One can hardly answer 
this complicated question without mentioning the so-called ordre public clause, 
which was included in Article 53(a) of the European Patent Convention (Convention 
on the Grant of European Patents (EPC) of 5 October 1973, as revised by the Act 
revising Article 63 EPC of 17 December 1991 and the Act revising the EPC of 29 
November 2000). It states: http://www.epo.org/law-practice/legal-texts/html/
epc/1973/e/ar53.html—FOOTNOTE-29.

Exceptions to patentability
European patents shall not be granted in respect of:
(a) inventions the publication or exploitation of which would be contrary to “ordre pub-

lic” or morality, provided that the exploitation shall not be deemed to be so contrary merely 
because it is prohibited by law or regulation in some or all of the Contracting States.

For a long time, this clause was rarely used. Nevertheless, this situation changed 
dramatically after the approval of the EU Directive on biotechnological inventions, 
which included an article (Art. 6) that reads:

1. Inventions shall be considered unpatentable where their commercial exploitation would 
be contrary to ordre public or morality; however, exploitation shall not be deemed to be so 
contrary merely because it is prohibited by law or regulation.

2. On the basis of paragraph 1, the following, in particular, shall be considered 
unpatentable:

… (c) uses of human embryos for industrial or commercial purposes;

Of course, the approval of the Directive introduced no compulsory changes in the 
EPO framework, in so far as EU rules are not legally binding on the EPO, which is 
not part of the EU at all. However, its influence was immediately felt. In the after-
math of the Directive, a new rule (Rule 28) was incorporated to the EPC’s imple-
mentation regulations, stating that “Under Article 53(a), European patents shall not 
be granted in respect of biotechnological inventions which, in particular, concern 
the following: … (c) uses of human embryos for industrial or commercial pur-
poses”. Keeping this normative framework present, the Opposition Division of the 
EPO decided, in the “Edinburgh Patent” case (European Patent No. EP 0695351, 
with the title “Isolation, selection and propagation of animal transgenic stem cells”), 
to adopt a broad interpretation of the exceptions to patentability included in the 
EPC. As a consequence, it excluded from patentability both (a) processes that 
involve the extraction of stem cells from a human blastocyst (and therefore directly 
entail the destruction of the human embryo) and (b) claims relying on already- 
established hESC cell lines (Porter et al. 2006).
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This ruling did not deny the idea that hESC could be patentable as such. The 
EPO, indeed, considered that, in theory, they could be patentable in so far as there 
was a scientific consensus on that hESC should not be considered as embryos 
because they alone cannot give rise to a full-grown organism (Condic et al. 2009; 
Condic 2014). However, the EPO concluded that, in practice, they could not be 
patentable due to the fact that their production involved the destruction of a human 
embryo at any stage, a practice that should be considered the forbidden commercial 
use of human embryos. This idea was, on its behalf, based on two assumed beliefs: 
the impossibility of obtaining hESC from an embryo without destroying that embryo 
and the impossibility of creating hESC from sources other than a human embryo.

These arguments provoked a general rejection of all patent claims involving 
hESC for a time in the EU context, a situation that generated a lively debate in the 
arenas of industry and academia (Porter et al. 2006). However, both ideas have been 
successfully challenged in the following 10 years. As a consequence, the EPO has 
adequately turned its position on this issue. Indeed, it has created a new paradigm 
by recognising (explicitly or not) the lack of consistency of both premises according 
to the updated knowledge. As a final result, hESC has been progressively allowed in 
the European context. In the next section, this normative U-turn will be exposed, 
and its present and future consequences described.

12.3  The WARF Case and the Possibility of Obtaining hESC 
Without Destroying Human Embryos

The first of the two premises to be challenged was the one stating that it was not 
possible to obtain hESC without destroying human embryos, an assumption that led 
to the delivery of the first patents on hESC. This turn was made in the context of the 
“primate embryonic stem cells” patent, filed by the Wisconsin Alumni Research 
Foundation [WARF], which claimed cell cultures including primate embryonic 
stem cells (EP0770125, application number 196903521.1). This claim was initially 
rejected by the Examining Division of the EPO in 2004, on the basis that the method 
disclosed made use of human embryos for industrial or commercial purposes. The 
applicant, however, decided to appeal to the Technical Board of Appeal of the EPO, 
which referred the question to the Enlarged Board of Appeal [EBoA]. The Board 
reached a decision in 2008, ruling that claims directed to products which, at the fil-
ing date, could be prepared exclusively by a method necessarily involving the 
destruction of human embryos are not patent eligible, even if the said method is not 
part of the claims (Davey et al. 2015).

This statement opened the gate to the patentability because of the concrete use of 
the word necessarily. Indeed, by using it, the EBoA emphasised that the moral 
clause only concerned inventions obtained by any methods involving the destruc-
tion of human embryos. On the other hand, it would not be applicable to general 
inventions relating to human stem cells or human stem cell cultures (Zhu 2011) as 
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such. Therefore, it recognised that where it is possible to create hESC without 
destroying human embryos, these hESC could be patented. As a consequence, fol-
lowing the WARF decision, a European patent involving hESCs could be issued if 
its date of filing was after 10 January 2008, because it was considered that a technol-
ogy able to produce this result (creating hESC without destroying embryos) had 
been disclosed at that moment (Chung et al. 2008). The invention, as disclosed in 
the application, did not necessarily have to be obtained with cells generated accord-
ing to non-destructive embryo technology. However, the applicant had to be able to 
demonstrate that the invention could be reproduced, at the date of filing, using such 
cells (if the examiner had any doubt, an objection was raised, even if the application 
was filed after 10 January 2008). This demonstration did not, however, necessarily 
have to feature in the description of the application (Faure Andre 2014).

In any case, it was clear from the very beginning that the impact of this new deci-
sion depended on the definition of “human embryo” under the Directive on 
Biotechnology (Davey et al. 2015), an issue which was left blank by the ruling on 
purpose. Indeed, the decision did not adhere to any position regarding the human 
embryo definition. Therefore, it was not possible to determine whether Rule 28(c) 
should be applied only to inventions involving human embryos produced by fertili-
sation or also to those created by other techniques, such as, for instance, somatic cell 
nuclear transfer (cloning), which was already available at that moment. However, 
this was precisely the issue that was about to be faced by the European Court of 
Justice.

12.4  Oliver Brüstle Vs. Greenpeace and the New EPO 
Position

In 1997, a German scientist, Dr. Oliver Brüstle, submitted a patent concerning the 
production of neural precursor cells used for the treatment of neurological diseases 
made from human embryonic stem cells. At the request of Greenpeace, the federal 
tribunal of patents (Bundespatentgericht) ruled that Dr. Brüstle’s patent was invalid 
since it concerned processes which allowed precursor cells to be obtained from 
human embryonic stem cells (Puppinck 2013). Dr. Brüstle decided to appeal the 
decision to the Federal Court of Justice (Bundesgerichtshof). This Court, on its side, 
requested a preliminary ruling from the Court of Justice of the European Union 
(CJEU onwards) on the interpretation of the Parliament and the Council’s Directive 
98/44/CE, from 6 July 1998, regarding the legal protection of biotechnological 
inventions, in order to define what should be understood as a human embryo in the 
context of the Directive.

Thus, the CJEU finally undertook to define the term “human embryo” in Article 
6(2)(c) of the Directive in a ruling (Case C-34/10, Oliver Brüstle vs. Greenpeace 
e.V., 18 October 2011). The nucleus of this ruling is contained in point 39, which 
states that “any human ovum after fertilisation, any non-fertilised human ovum into 
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which the cell nucleus from a mature human cell has been transplanted, and any 
non-fertilised human ovum whose division and further development have been 
stimulated by parthenogenesis constitute a “human embryo””. The reasoning behind 
this conclusion was showed in points 35 and 36. Point 35 stated that “any human 
ovum must, as soon as fertilised, be regarded as a ‘human embryo’ within the mean-
ing and for the purposes of the application of Article 6(2)(c) of the Directive, since 
that fertilisation is such as to commence the process of development of a human 
being”, a consideration that should “also apply to a non-fertilised human ovum into 
which the cell nucleus from a mature human cell has been transplanted and a non- 
fertilised human ovum whose division and further development have been stimu-
lated by parthenogenesis” (36).

This position was due to a scientific belief that was considered an undeniable fact 
by the Court: “although those organisms have not, strictly speaking, been the object 
of fertilisation, due to the effect of the technique used to obtain them they are, as is 
apparent from the written observations presented to the Court, capable of commenc-
ing the process of development of a human being just as an embryo created by fer-
tilisation of an ovum can do so” (36). Therefore, the reasoning reinforced one of the 
two main beliefs that served as a basis to the “Edinburgh Patent” case ruling, as 
previously mentioned: the impossibility of creating hESC other than from a human 
embryo.

Moreover, the Brüstle vs. Greenpeace ruling went a step further than the 
Edinburgh Patent case. Together with this extremely extensive definition of the 
embryo, the Court adopted a similar position regarding the range of the use of the 
embryos in the process, by stating that the use of human embryos exclusion applied 
not only to those inventions which directly involved in the destruction of an embryo 
but also to those requiring the use of an hESC which was originally derived through 
the destruction of an embryo. This meant that any methods or products which 
involved as their base material cells taken from an established hESC line which was 
originally obtained through the destruction of a human embryo, no matter how long 
ago the hESC line was established, were excluded from patentability (Rigby 2015). 
Accordingly, it also stated that a claim would be excluded from patentability even if 
it involved the use of an existing hESC line where the destruction of a human 
embryo for preparing the existing hESC line occurred a long time before implemen-
tation of the invention (Young-In et al. 2016). Finally, the CJEU detailed that the 
ban on the patentability of human embryos for industrial and commercial purposes 
also covered the use of embryos for scientific research, since the granting of a patent 
for an invention involved, in principle, such types of uses.

The adoption of these criteria created an important (even if not lasting) differ-
ence between the CJEU and the EPO, which was made clear by U. Storz: “while the 
WARF decision has often been interpreted in such way that (i) patent applications 
which relate to inventions made after the underlying hES cell lines became avail-
able, and (ii) patent applications related to the production of stem cells, or stem cells 
as such, which describe at least one alternative way to produce the said cells (i.e., 
not related to, or involving, hES cells), are both patentable, such bypass is no longer 
possible in the understanding of the ECJ” (Storz 2013). However, differences did 
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not last for long. As previously mentioned, an ECJ ruling cannot directly influence 
the EPO, since it is not part of the EU, but it usually happens in practice. Indeed, it 
was as soon as 3 November 2011 when the latter’s EPO president Benoît Battistelli 
stated in his weblog that “if the judges rule in favour of a restrictive interpretation 
of biotech patentability provisions, the EPO will immediately implement it”. 
Therefore, it was not surprising to see that 3 years after the Brüstle vs. Greenpeace 
ruling, on 4 February 2014, the Technical Board of Appeal of the EPO (EPO. Boards 
of Appeal, Technion Research and Development Foundation Ltd., T2221/10. 4 
February 2014) tightened the argument held in the WARF case, explicitly noting 
that CJEU rulings were persuasive. In fact, the Board repeated the CJEU argument, 
detailing that hESC would not be patentable if they had been obtained from the 
destruction of human embryos, no matter when such destruction might take place 
(Mahalatchimy et al. 2015). Moreover, it clarified that inventions which made use 
of publicly available hESC lines initially obtained by methods involving the destruc-
tion of human embryos were excluded from patentability. Finally, it decided that the 
use of commercially available hESC lines was not sufficient to meet the require-
ments of Article 53(a) EPC if, at the “relevant date”, these cell lines could only be 
obtained by destroying an embryo. This was particularly important, in so far as, 
between 2008 and 2012, the EPO granted patents for inventions involving such cell 
lines, as their use did not momentarily require the involvement of a human embryo 
(Faure Andre 2014).

12.5  A New Turn: Judgement C-364/13

Oliver Brüstle vs. Greenpeace received wide criticism due to its extensive interpre-
tation of the moral clause, its construction of the concept of human beings, and the 
consequences that these facts might bring to the EU biotechnological industry. 
However, it was not formally defied until 2014. The history reads like this: at the 
beginning of the 2010s, a private firm called International Stem Cell Corporation 
devised methods for provoking human eggs to divide into clusters of pluripotent 
stem cells, known as parthenotes, and methods for turning such cells into corneal 
cells (Hitchcock 2014). Soon afterwards, it made a claim to register patents on them 
in the UK. The hearing officer of the UK Intellectual Property Office, acting for the 
comptroller, refused to register those applications by the decision of 16 August 
2012. The reason provided was quite simple: as far as the inventions disclosed in the 
applications for registration related to unfertilised human ova which were however 
“capable of commencing the process of development of a human being just as an 
embryo created by fertilisation of an ovum can do so”, they should be considered 
human embryos, within the meaning of paragraph 36 of the judgement in Brüstle.

This decision made perfect sense, according to the Brüstle ruling, but, in any 
case, the ISCO decided to bring an appeal against it before the High Court of Justice 
(England and Wales), Chancery Division (Patents Court), claiming that it was 
unclear whether the expression “capable of commencing the process of  development 
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of a human being” referred to an entity that could in fact develop into a human being 
or something that could start the process of becoming a human being but was unable 
to complete that process. At the same time, it amended its applications for registra-
tion to exclude the prospect of the use of any method aimed, through additional 
genetic manipulation, at overcoming the inability of a parthenote to develop into a 
human being, in order to facilitate the Court to make a decision in its interest.

The High Court of Justice (England and Wales), Chancery Division (Patents 
Court), felt quite dubious regarding the decision to be made, in so far as it consid-
ered that the balance between respect to human dignity and promotion of biological 
research development could hardly be maintained while banning the patents on par-
thenotes. Therefore, it finally decided to refer a simply and clear question to the 
Court of Justice for a preliminary ruling: “are unfertilised human ova whose divi-
sion and further development have been stimulated by parthenogenesis, and which, 
in contrast to fertilised ova, contain only pluripotent cells and are incapable of 
developing into human beings, included in the term ‘human embryos’ in Article 
6(2)(c) of Directive 98/44 ...? ”.

On 17 July 2014, the general advocate of the case, P. Cruz Villalón, redacted an 
opinion on the issue that mostly accepted the arguments of International Stem Cell 
Corporation. This was only the preliminary to the Court’s ruling, which was finally 
made on 18 December 2014 (Case C-364/13 International Stem Cell Corporation 
vs. Comptroller General of Patents, Designs and Trademarks). Mainly addressing 
the opinion formulated by its advocate general, it corrected the ruling made by 
Brüstle vs. Greenpeace by stating that

Article 6(2)(c) of Directive 98/44 must be interpreted as meaning that an unfertilised human 
ovum whose division and further development have been stimulated by parthenogenesis 
does not constitute a ‘human embryo’, within the meaning of that provision, if, in the light 
of current scientific knowledge, that ovum does not, in itself, have the inherent capacity of 
developing into a human being, this being a matter for the national court to determine.

At first glance, it could be concluded that the new ruling had simply corrected a 
scientific mistake included in Brüstle. Indeed, in a very polite way, the Court stated 
that “according to current scientific knowledge, a human parthenote, due to the 
effect of the technique used to obtain it, is not as such capable of commencing the 
process of development which leads to a human being” (point 33). Of course, the 
same scientific knowledge was available at the time that Brüstle was ruled, but it 
probably seemed less rude to avoid mentioning the gross scientific mistake that the 
Court had made on that previous occasion. That mistake was made on the grounds 
that these eggs are “capable of commencing the process of the development of a 
human being just as an embryo created by fertilisation of an ovum can”, a fact 
which is not certain at all, as scientists repeatedly mentioned in the aftermath of the 
ruling (Green 2011).

However, if we only concentrate on that part, we would be missing the fact that 
the really groundbreaking statement included in the ruling referred to the notion of 
what an embryo is. Indeed, the most astonishing statement made by the Court was 
that “in order to be classified as a ‘human embryo’, a non-fertilised human ovum 
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must necessarily have the inherent capacity of developing into a human being” 
(point 28) and “consequently, where a non-fertilised human ovum does not fulfil 
that condition, the mere fact that that organism commences a process of develop-
ment is not sufficient for it to be regarded as a ‘human embryo’, within the meaning 
and for the purposes of the application of Directive 98/44” (point 29). Of course, 
this was in huge contrast to the Court’s previous ruling in Brüstle, where it held that 
an ovum would constitute a “human embryo” if it were “capable of commencing the 
process of development of a human being” instead of “capable to develop into a 
human being”, as this new decision stated (Dannreuther 2014). This subtle differ-
ence of criteria involves an enormous change in scientific terms, in so far as the 
capability to develop into a human being involves a much higher exigency than the 
capability to commence the process of development. Therefore, some of the entities 
that should be considered as human embryos according to Brüstle vs. Greenpeace 
should no longer be named as such in the terms settled by Case C-364/13. This rul-
ing, thus, involved a decisive U-turn in the jurisprudence of the High Court, not just 
because it permitted patents on human parthenotes but for the reasons that justified 
the decision: their lack of the necessary capability to develop into a human being. In 
doing so, the Court recognised the possibility to create hESC from a source different 
to human embryos.

By adopting this new criterion, Case C-364/13 has brought an important conse-
quence: claims on patents on hESC obtained from parthenotes are now considered 
acceptable because they are not embryos, and, thus, their use does not contradict the 
moral clause restriction. Furthermore, it seems reasonable to foresee that the EPO 
might start accepting applications relating to hESCs filed after 5 June 2003. This is 
due to a simple fact: even if judgement C-364/13 does not indicate the date from 
which the skilled person would have been able to generate hESCs from parthenotes, 
it is precisely that moment when the EPO considers that the skilled person would 
have been able to generate parthenotes and derive hESCs from them because it was 
that point at which WO03046141, a patent application including an efficient meth-
odology to reach this purpose, was disclosed.

However, changes might reach a much deeper dimension, depending on the con-
sequences that the new criterion to define a human embryo involves in practice. 
Indeed, it does not seem at all illogical to consider that if a parthenote must not be 
considered an embryo because it does not hold the inherent capacity to develop into 
a human being, then any egg which shares this lack does not constitute a human 
embryo, regardless of the method it was created by (De Miguel Beriain 2014). This 
opens up a number of extremely interesting questions (Rigby 2015): Can it there-
fore be concluded that using non-viable embryos with chromosomal abnormalities 
to isolate hESCs (Alikani and Munné 2005) is outside the scope of the prohibition? 
A further question is whether a blastocyst that has been rated as being of poor qual-
ity (and that is therefore deemed by IVF experts to be unsuitable for implantation) 
has or not have the capacity to develop into a human being in the terms expressed 
by the EPO (Mitalipova et al. 2003). Moreover, let us think that our latest discover-
ies (Fragouli et al. 2015; Diez-Juan et al. 2015) about the correlation between mito-
chondrial DNA (mtDNA) and development potential are confirmed. Where this is 
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the case, we will soon be perfectly able to distinguish which fertilised eggs are not 
capable of being implanted due to a fatal mtDNA composition. Should we then 
conclude that hESC extracted from these entities could be patented, because they 
could not be considered human embryos according to the judgement C-364/13 cri-
terion? If this were the case, we could think about a revolutionary change in the 
framework, as hESC lines obtained from these defective fertilised eggs would be 
100% similar to embryonic stem cell lines (blastocysts are totally equal) and they 
could be obtained in a much easier and cheaper way than the parthenogenesis pro-
cess, because IVF could probably provide us with thousands of embryo-like struc-
tures every year, even for free, if the users were willing to donate these entities to 
science.

Of course, all of these modifications will only happen if the EPO decides to 
assimilate the new CJEU criterion (and, moreover, if its interpretation adopts the 
idea that entities possessing the same capabilities should be considered morally 
equivalent, no matter the way they were created). At present, this change in practice 
does not appear to have been publicised in the Official Journal of the EPO or 
reflected in the changes to the EPO official guidelines (Young-In et al. 2016; Rigby 
2015), but there are good reasons to think so. First of all, it is necessary to highlight 
that whenever any difference between the positions of the EPO and the CJEU exists, 
the EPO deliberately surrenders its position in favour of that of the CJEU (Storz 
2013). Moreover, there are some evidences to suggest that this case will not make 
an exception: a recent examination report in respect of EPO application 
No.13186524.8 concluded, with reference to the judgement C-364/13, that the 
invention was not excluded from patentability under the EPO’s morality provisions. 
Thus, it seems reasonable to anticipate that it should be easier to protect technolo-
gies using human parthenotes in the future in Europe, including those involving 
their destruction (Faure Andre 2014). If further decisions confirm this initial impres-
sion, the future will know a totally different normative framework, a framework that 
might work much better with the necessities of the industry and also with the 
requirements of our common moral basements, which recommend an adequate pro-
tection of human embryos’—but only real human embryos’ (De Miguel Beriain 
2014; Meskus and De Miguel 2013)—life.
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Chapter 13
The Regulatory Situation for Clinical Stem 
Cell Research in China

Achim Rosemann, Margaret Sleeboom-Faulkner, Xinqing Zhang,  
Suli Sui, and Adrian Ely

13.1  Introduction

This chapter provides an overview of the regulatory landscape of clinical stem cell 
research in the People’s Republic of China. It provides, first, an overview of the regu-
lation for the donation of human gametes and embryos and for their use in basic and 
clinical research. The chapter will then in Part II present an overview of all regula-
tions and laws that were issued in China since the1990s to govern human subjects 
research. While these regulations do not mention stem cell research as a distinct 
regulatory category, these rules affect clinical stem cell research horizontally.

The final part of the chapter introduces the stepwise formation of a regulatory 
approach especially for clinical stem cell applications. This process was initiated in 
the mid-2000s and is ongoing. The chapter ends with a conclusion that discusses open 
questions and the implications of China’s current regulation of clinical stem cell 
research for both domestic researchers and international clinical collaborations.1

1 This chapter is based on a working paper and two publications that the authors of this chapter 
have published in 2013 and 2015:
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13.2  The Regulation for the Donation and Use of Human 
Gametes and Embryos

Two regulations have been issued in China to govern the donation of human gam-
etes and embryos for research purposes. Both of these regulations focus exclusively 
on human embryonic stem cell research. The first concerns the sourcing of human 
embryos and oocytes in the context of IVF clinics. The second addresses the spe-
cific conditions under which human embryos can be produced and used research 
and clinical application. No regulation exists currently that addresses (a) somatic 
cell nuclear transfer techniques for research purposes (i.e., “therapeutic cloning”), 
(b) basic or preclinical research with iPS cells, and (c) research with human-animal 
hybrids.

13.2.1  The Ethics Guiding Principles for Assisted 
Reproductive Technology [2001–2003] 

The “Ethics Guiding Principles for Assisted Reproductive Technology” have been 
issued by the Ministry of Health (MOH) between 2001 and 2003.2 These guidelines 
regulate the donation and transfer of human embryos and gametes for reproductive 
purposes and research. This document addresses stem cell research, by stipulating 
that all ART institutions must set up ethics committees and that these committees 
must approve applications of human embryos to be donated for research (Hu et al. 
2011; Cure 2009). The regulation affects the donation, circulation, and use of human 
embryos, gametes, and fetal tissue for research in four additional ways: (1) by stat-
ing that the buying and selling of human ova, sperm, embryos, or fetal tissues is 
prohibited; (2) by restricting the use of embryos for research to supernumerary 

 1. Rosemann A, Zhang X, Sui S, Su Y, Ely, A (2013) Country report: Stem cell research in China. 
Working Paper, Centre for Bionetworking, University of Sussex. (This working paper forms 
the basis for Sects. 13.1, 13.2, and 13.3 of this chapter.)

 2. Rosemann A (2013) Medical innovation and national experimental pluralism: Insights from 
clinical stem cell research and applications in China. BioSocieties 8(1):58–74. (This paper 
forms the basis for Sects. 13.4, 13.4.1, 13.4.2, and 13.4.3 of this chapter.) (Palgrave MacMillan 
provides the right to the authors to use this information in this chapter.)

 3. Rosemann A, Sleeboom-Faulkner M (2015) New regulation for clinical stem cell research in 
China–expected impact and challenges for implementation. Regen Med Doi:10.2217/
rme.15.80. (This paper forms the basis for Sects. 13.4.4 and 13.5 of this chapter.) (This article 
has been published under a Creative Commons CC-BY license, and we are allowed to use 
published this information in this chapter.)

2 Please note that the Chinese Ministry of Health (MOH) was in 2012 renamed to the National 
Health and Family Planning Commission (NHFPC). In this article we use both of these terms: for 
regulatory documents that were issued before 2012, we use the term Ministry of Health (MOH), 
and for regulatory documents that were issued after 2012, we use the term National Health and 
Family Planning Commission (NHFPC).
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embryos in the context of an IVF treatment and by explicitly prohibiting the cre-
ation of IVF embryos for research only; (3) by specifying that embryos and gametes 
must be voluntarily donated, on the basis of informed consent; and (4) by forbidding 
hormonal super-stimulation, to harvest a larger number of oocytes. This regulation 
is backed up by punitive measures: IVF clinics or ART centers can lose their license 
if they violate these guidelines (Cure 2009).

13.2.2  The Ethics Guiding Principles for hESC 
Research [2003] 

The derivation of human embryonic stem cells (hESC) and the use of these cells 
for research are regulated with the “Ethics Guiding Principles for hESC research” 
(人胚胎干细胞研究伦理指导原则). Regulation occurs at a national level 
through ministerial guidelines, joint issued in 2003 by the Ministry of Health 
(MOH) and the Ministry of Science and Technology (MOST). The core aspects 
of this regulation are that (1) embryos are not allowed to be used for the deriva-
tion of hESC after 14 days post-conception and (2) embryos used for research 
cannot be implanted in human beings (prohibition of human reproductive clon-
ing). The principles demand, furthermore, that institutions that are involved in 
hESC form an ethics committee that details regulatory rules and exact conditions 
under which research can be conducted. These principles have been criticized by 
members of the National Ethics Committee of the MOH in China because (a) 
they do not introduce a registration or licensing system of research institutes or 
clinics that conduct hESC research, (b) they are not backed up by law, and (c) no 
clear control pathways for the principles are provided. Plans and efforts to revise 
this regulation, from the side of the MOH National Ethics Committee, are ongo-
ing (Zhai 2007).

13.3  The Regulation of Human Subjects Research in China

Before introducing the regulations, laws, and institutions that play a role in the gov-
ernance of clinical stem cell research and applications in Sect. 13.4, we will first of 
all provide an outline of the regulations and laws that were issued since the 1990s to 
govern human subjects research in China. As will become clear in Sect. 13.4 of this 
chapter, even though these regulations do not mention stem cell research, they play 
a role in the governance of clinical stem cell research and applications in China at a 
horizontal level.

13 The Regulatory Situation for Clinical Stem Cell Research in China
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13.3.1  The Foundation of a National-Level Ethics 
Committee [1998] 

An important step for the governance of human subjects research in China was the 
foundation of the Ministry of Health’s “ethics committee on biomedical research 
involving human subjects” in 1998. The committee was renamed in 2000 as 
“Medical Ethics Expert Committee.” Following a reform in 2007, the committee 
comprises 17 members from a multidisciplinary background. These members have 
been instrumental in the formation of many of the regulatory documents discussed 
in this chapter.

13.3.2  The Regulation on Ethical Review of Biomedical 
Research Involving Human Subjects [2007] 

The “Regulation on ethical review of biomedical research involving human 
subjects”.

(涉及人的生物医学研究伦理审查办法 [试行]) addresses the formation of 
institutional review committees, and the procedures through which ethics review of 
human subjects research shall be conducted. A first document on the regulation of 
ethical review procedures was drafted in 1998. However, due to internal controver-
sies, the document was not endorsed (Hu et al. 2011). A revised version of the regu-
lation was then issued by the MOH in 2007. According to this regulation, all forms 
of research and experimental clinical interventions that involve human subjects 
require review by an ethics committee at the level of research institutes and hospi-
tals. The regulation specifies information on the procedures and criteria for ethics 
committee review, the structure of the committees as well as details on informed 
consent procedures. This regulation has been of significance to clinical stem cell 
research and applications in China, because it requires mandatory EC approval at 
the level of medical institutions.

13.3.3  Regulation on the Governance of Medical 
Institutions [1994] 

The “Regulation on the governance of medical institutions” was issued by the State 
Council in 1994. It clarifies that informed consent is required for the conduct of 
surgical operations, special investigations, participation in clinical studies as well as 
experimental medical interventions. The regulation introduces performance rules 
for medical institutions such as registration procedures, required qualifications of 
medical staff, and institutional safeguards that shall prevent the misuse of patients. 
An example is a clause that specifies that that approval documents for treatments 

A. Rosemann et al.



279

(which were provided by the Chinese health authority to a particular hospital) can-
not be “inherited,” if the owner or name of a hospital changes. This regulation is of 
relevancy for clinical SC research, in particular with regard to the governance of 
clinics that offer experimental for-profit interventions with stem cells. The Jilin 
Silicon Valley Hospital, for instance, was criticized by the media on the basis of this 
regulation. The reason is that the hospital had changed its name and proprietor but 
used the same approval license for its cellular treatments (issued by a local and a 
provincial health bureau) in order to attract patients. The Chinese health authorities 
withdrew the license of the hospital shortly after this discovery.

13.3.4  The Drug Clinical Trial Regulations Law on Practicing 
Doctors [1999] 

This regulation protects patients by stating that doctors who violate a patient’s pri-
vacy or who conduct experimental medical interventions without informed consent 
will be legally persecuted. Even though cases where this regulation has been applied 
in the context of stem cell-based forms of clinical intervention, this regulation offers 
a legal instrument could be applied to providers of experimental stem cell treat-
ments, if these fail to sufficiently inform patients of medical risks or make exagger-
ated treatment claims (Cure 2009). In other words, based on this regulation, patients 
could sue doctors who offered experimental stem cell treatments based on fraudu-
lent claims.

13.3.5  The Drug Administration Law [2001, amended in 2015] 

The Drug Administration Law was issued by the National People’s Congress and is 
implemented through the Chinese Ministry of Health (which since 2012 was 
renamed to the “National Health and Family Planning Commission”) and the 
Chinese State Food and Drug Administration (SFDA) (which since 2012 was 
renamed to the China Food and Drug Administration).3 The law has been amended 
in 2015 and covers the use of pharmaceutical products in research as well as routine 
clinical applications following market approval. It clarifies that GCP and GMP stan-
dards must be followed (Cure 2009). This regulation is of relevancy for the develop-
ment of stem cell-based medicinal products once the Chinese regulators have issued 

3 Please note that the Chinese State Food and Drug Administration (SFDA) was in 2012 renamed 
to the China Food and Drug Administration (CFDA). In this article we use both of these terms: for 
regulatory documents that were issued before 2012, we use the term State Food and Drug 
Administration (SFDA), and for regulatory documents that were issued after 2012, we use the term 
China Food and Drug Administration (CFDA).
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a regulation for stem cell research that specifies the exact conditions for market 
approval under the authority of the China Food and Drug Administration.

13.3.6  The SFDA Good Clinical Practice Standards [1999, 
2003] 

The State Food and Drug Administration (SFDA) good clinical practice standards (
药物临床试验质量管理规范) were issued in a first version in 1999 and in a second 
more complete version in 2003. Both versions were drafted and issued by the 
SFDA. The SFDA GCP standards specify procedures for clinical trials in the con-
text of market authorization pipeline and for the accreditation of medical institu-
tions that take part in drug trials. The regulation requires that each hospital that 
conducts clinical trials acquire GCP certification (Cure 2009). An interesting fea-
ture is that GCP certification is based on examinations of high-level clinical staff 
(heads of department). They emphasize strict informed consent and review by ethics 
committees and include provisions on how IRBs should be composed and be orga-
nized. The Chinese GCP standards draw actively on the ICH GCP standards (Cure 
2009). These SFDA GCP standards are of relevancy to hospitals that conduct clini-
cal trials with SC in the context of an SFDA registered IND application.

13.3.7  The SFDA Guidance for Human Somatic Cell Therapy 
Research and Quality Control of the Products [2003] 

The Guidance for Human Somatic Cell Therapy Research and Quality Control of 
the Products (人体细胞治疗研究和制剂质量控制技术指导原则) forms an 
important precursory regulation for the clinical use of cells and stem cells. It was 
issued by the Chinese SFDA in 2003 and is still valid. The guidance addresses fun-
damental issues of therapy research with somatic cells. It focuses on aspects such as 
the collection, isolation, and verification of somatic cells, the kind of (medical and 
personal) information that is required from cell donors, directives on the use and 
documentation of specific types of culture mediums, and a broad range of specifica-
tions on quality control. Quality control encompasses measures for both preclinical 
research and production, culture, and storage protocols of somatic cellular products 
in the context of clinical research. While this guidance is still valid at the time of 
writing, many of the biological characteristics and particularities of stem cell 
research are not—or only insufficiently—addressed in this document. This is one of 
the reasons why the Chinese SFDA and MOH in the late 2000s decided that a new 
and more comprehensive regulation for the regulation of clinical stem cell research 
is necessary.

A. Rosemann et al.
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13.4  The Evolving Regulatory Approach for Clinical Stem 
Cell Research

In the subsequent paragraphs, we provide a detailed overview of the evolving regu-
latory framework for clinical stem cell research and applications in China. At the 
moment of writing, the process of developing a regulatory framework that can be 
used for both clinical testing and market approval of stem cell treatments is still 
ongoing. Since 2009 a range of regulatory documents have been issued by the 
Chinese health authorities that have affected clinical research and experimental for- 
profit interventions in various ways. The most recent and fargoing regulatory mea-
sure has been provided in 2015.

13.4.1  The Management Measures for the Clinical Use 
of Medical Technologies [2009] 

On May 1, 2009, the MOH promulgated the “Management Measures for the Clinical 
Use of Medical Technologies” [医疗技术临床应用管理办法], a regulation that 
classified a range of new medical technologies and procedures into three categories. 
Stem cell transplant technology was grouped into category III, which included tech-
nologies considered as risky, ethically controversial and in need of clinical verifica-
tion (Chen 2009). To implement the regulation, the MOH assigned five institutions 
(Chen 2009, p. 271); among them are the Chinese Medical Association, the Chinese 
Hospital Association, and the Chinese Doctors Association. According to an associ-
ate of the MOH in Beijing, clinics that used SC transplantation technology were 
summoned to register at these institutions. These organizations in turn were assigned 
to grant licenses on the basis of newly formed assessment criteria and review and 
inspection committees. In practice, this regulation has not yet been implemented for 
SC transplantation technologies. As stated by a senior SC scientist, who as a member 
of the Chinese Doctors Association was involved in the formulation of review crite-
ria, there were widespread disagreements among experts of the assigned five institu-
tions, over the precise characteristics of these criteria, over feasible implementation 
pathways, as well as the extent to which the situation should be controlled.

13.4.2  Notification on Self-Evaluation and Self-Correction 
Work Regarding the Development of Clinical Stem Cell 
Clinical Research and Applications [2012] 

On January 6, 2012, the National Health and Family Planning Commission (NHFPC, 
the former MOH) issued a regulatory document called “Notification on Self- 
Evaluation and Self-Correction Work regarding the Development of Clinical Stem 
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Cell Clinical Research and Applications” [关于开展干细胞临床研究和应用自查
自纠工作的通知].4 With this document, the NHFPC initiated a 1-year phase that 
was announced to be followed by a more comprehensive regulatory approach at a 
later point. In the January 2012 document, four subsequent stages of this forthcom-
ing approach were announced: self-evaluation (zicha), self-correction (zijiu), recer-
tification (chongxin renzheng), and standardized management (guifan guanli). The 
initial 1-year phase that is set out in the 2012 document, however, addresses only the 
first two of these stages: self-evaluation and self-correction. Self-evaluation of the 
hospitals that carry out SC-based clinical research and applications shall occur in 
the following way. First, clinics are required to fill in the “Self-Evaluation Form for 
Inquiry into Conditions of Stem Cell Clinical Research and Applications.”5 In this 
form, clinics are asked to report truthfully on previously and currently developed 
kinds of clinical research and applications with stem cells. Information is requested 
on (1) types of cells and forms of cell-processing, (2) the disease types for which 
cells have been used, (3) forms of ethics and regulatory approval mechanisms, (4) 
informed consent procedures, (5) information on risks and experienced problems, 
(6) sources of funding and patient fees, (7) number of patients experimentally 
treated, and (8) publications or summarizing reports from clinical trials or other 
types of clinical studies. Second, this information is evaluated by province-level 
MOH workgroups, which are coordinated by the “Stem Cell Clinical Research and 
Application Standardization and Rectification Work and Leadership Group,” 
cofounded by the MOH and SFDA in Beijing (paragraph 2). The task of these 
province- level workgroups is to appraise the incoming data, to produce summariz-
ing reports to Beijing (paragraph 4), and, during later stages, to play an active role 
in the implementation and enforcement of the regulation (paragraph 2).

Self-correction means that all institutes that have not yet received approval, 
either by the MOH or the SFDA, must stop clinical stem cell research or application 
activities until approval has been obtained. Institutes that continue to carry out 
unauthorized clinical research or applications have been announced to be targeted 
as focal points for rectification (paragraph 2). On the other hand, clinical trials for 
stem cell products that have obtained approval by the SFDA are expected to act in 
strict accordance with the requirements set out by the SFDA and in compliance with 
the Chinese GCP standards (paragraph 2). The document has announced that no 
registration applications will be accepted by the MOH or the SFDA until July 1, 
2012 (paragraph 2). Information on how applications for registration will be han-
dled, however, has not been provided in the text. Uncertainty also remains as to how 
non-compliance will be dealt with, and which role the MOH and its province-level 
workgroups will play in this. It is not clear, furthermore, whether military hospitals 
(which operate under the command of the Health Department of the Army General 
Logistics Department) will be subjected to the same review and approval proce-
dures as state hospitals or whether a different regulatory approach shall apply.

4 http://www.moh.gov.cn/publicfiles/business/htmlfiles/mohkjjys/s3582/201201/53890.htm.
5 This document has been put on the MOH website. http://61.49.18.65/publicfiles///business/cms-
resources/mohkjjys/cmsrsdocument/doc13829.docx. Translations of these two documents can be 
requested from the author of this article per email.
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13.4.3  The March 2013 Announcement of Three Interrelated 
Draft Regulations

On March 7, 2013, the MOH published online three regulatory documents on clini-
cal stem cell research for public feedback and commentary. These documents intro-
duced the underlying rationale of the planned regulatory framework, an overview of 
its basic structure, central regulatory instruments, and planned implementation 
structure. In contrast to initial media reports (Zornoza 2013), these documents did 
not yet constitute regulatory draft documents themselves, and they had no legal 
authority. This consultation formed the first publicly visible step toward regulatory 
intervention of clinical stem cell research and applications in China, since the 
abovementioned January 6, 2012, notification. It represents the first move toward 
realization of the third and the fourth of the four regulatory phases that the MOH 
announced in its 2012 notification (as introduced above): “recertification” [chongxin 
renzheng] and “standardized management” [guifan guanli], following, from phases 
I and II, “self-evaluation” [zicha] and “self-correction” [zijiu], which were initiated 
in the course of 2012.

The most important announcements in these documents were as follows. The 
approval of stem cell-based therapeutic applications must be based on phase I, II, 
and III clinical trials. These trials must be approved by hospital internal ethics com-
mittees and joint expert committees of the NHFPC and CFDA. Clinical stem cell 
trials must follow from solid preclinical evidence that documents the safety and 
therapeutic potential of a candidate therapy in animal models. Clinical or corporate 
sponsors of these trials will not be allowed to charge patients for participation in 
these trials. The stem cell collection, purification, amplification, certification, pack-
aging, storage, and transport of the stem cells that shall be used for clinical trials 
must occur in accordance with good laboratory practice (GLP) and good 
 manufacturing practice (GMP) standards. Another announcement was that violation 
of these requirements would be subject to punishment procedures and legal persecu-
tion under the existing drug management law.

13.4.4  The Regulation for Clinical Stem Cell Research 
and the Stem Cell Preparations Quality Control 
and Preclinical Research Guidelines [2015] 

Following the public consultation in 2013, another 2 years went by until a formal 
regulation for clinical stem cell research was published. On August 22, 2015, the 
Chinese National Health and Family Planning Commission (NHFPC, the former 
Ministry of Health, MOH) and the China Food and Drug Administration (CFDA, 
the former SFDA) have issued two interrelated documents: (1) the regulation for 
clinical stem cell research and (2) the Stem Cell Preparations Quality Control and 
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Pre-clinical Research Guidelines. These documents form the long-awaited follow-
 up from the regulatory announcement that was issued in March 2013. The August 
2015 “regulation for clinical stem cell research” presents itself as a “trial” or 
“interim” (试行) regulation. This is not unusual. In China, regulation usually starts 
out as a draft (草案) or trial regulation (试行). A “trial” regulation should be 
regarded as valid as formal regulation, but it is flexible enough to leave space for 
change. The document announces the central elements of a regulatory foundation 
for the clinical translation of stem cell-based medicinal products and procedures. 
What does China’s future regulation for clinical stem cell trials look like? What 
challenges can be expected with regard to its implementation? And what impacts 
will the regulation have for domestic researchers, clinics, and corporations in China 
and at an international level?

13.4.4.1  Overview of the “Trial” (or “Interim”) Regulation

The trial regulation applies to the clinical use of human autologous and allogeneic 
stem cells that are manipulated in vitro, with the exception of the routine transplan-
tations of hematopoietic stem cells and of clinical trials that use stem cells that are 
affirmed as pharmaceutical products. Stem cell treatments have to pass through 
methodical clinical studies and follow from systematic preclinical evidence. These 
trials must comply with the Chinese “Quality Control Standards for Clinical Drug 
Trials” (the Chinese good clinical practice [GCP] standards), which has guided the 
approval of new drugs by the China Food and Drug Administration (CFDA) since 
2007. Furthermore, first-in-human clinical trials must be based on systematic evi-
dence of preclinical research proving the therapeutic value and safety of a candidate 
treatment in appropriate animal models.

The standards and technical procedures for the collection, manufacturing, and 
storage of stem cells for clinical use are laid down in the “Stem Cell Preparations 
Quality Control and Preclinical Research Guidelines,” a supplementary document 
published by the CFDA, which also specifies the required criteria for safety and 
efficacy assessment in the context of preclinical studies. Only level 3 hospitals—the 
highest-ranked hospital category in China—are permitted to conduct stem cell clini-
cal trials. To qualify, such hospitals must have established institutions for research, 
health care, and teaching and be in possession of the relevant professional qualifica-
tions. Hospitals must have ethics and academic committees capable of dealing ade-
quately with adverse effects and preventing high-risk applications. Moreover, 
hospitals are required to establish stem cell preparation facilities that are compliant 
with international GMP standards.

Investigators applying for stem cell clinical trials must do so at provincial 
branches of the NHFPC and CFDA and register the trials online at the Chinese 
Medicine Registry and Management System. The NHFPC and CFDA will jointly 
review the projects at a provincial level with the help of specifically formed expert 
committees. These committees do not only review incoming applications but also 
will conduct on-site verification and evaluation of academic institutions, ethics 
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committees, and project management. If a clinical trial application is accepted, 
phase I of the trial can go ahead. Clinical trial progress reports must be submitted to 
the authorities on a regular basis, and after each phase investigators need to report 
the research results to the provincial agencies. Based on these reports, decisions are 
made about progression to the next phase and ultimately about routine clinical 
application.

The regulation seeks to protect the interests of patients in the following ways. 
First of all, clinical investigators may not charge money for patients taking part in 
clinical studies, and hospitals are not allowed to advertise stem cell trials as treat-
ments. Hospitals are required to fully inform patients of the potential risks of the 
research involved and to arrange insurance coverage for human subjects for projects 
involving a high level of risk. In case of emergency, life-saving facilities need to be 
in place. Moreover, serious adverse events must be reported to the hospital ethics 
committee and the provincial health authorities and will result in the immediate halt 
of the research project and withdrawal of approval for the application of the stem 
cell therapy concerned.

Stem cell clinical trials must be conducted in accordance with the “2007 Interim 
Regulation on the Review of Biomedical Research Involving Human Subjects” of 
the MOH (now NHFPC) and the “Drug Administration Law,” issued by the MOH 
in 2001 (and amended in 2015). Clinical trials using human embryonic stem cells 
must harvest and process the cells in line with the “Guiding Principles for the Ethics 
for Human Embryonic Stem Cell Research,” a joint regulation issued in 2003 by the 
Ministry of Science and Technology and the MOH. With the new trial regulation, 
stem cell-based treatments are no longer regulated as class III medical technology 
in accordance with the 2009 regulation for clinical stem cell applications [4], which 
indicates that the former regulation is no longer valid.

Medical institutions and staff who violate regulatory provisions are directly held 
responsible in accordance with specifically designed penal procedures. The provin-
cial branches of the NHFPC and CFDA have the authority to suspend stem cell tri-
als and to punish investigators and staff in line with appropriate laws and 
regulations.

13.4.4.2  Commentary

China has invested heavily into stem cell medicine in recent years. This has resulted 
in a growing body of publications and the development of new candidate therapies 
(Song 2011). Simultaneously, due to a permissive regulatory environment for clini-
cal stem cell applications, the country has witnessed the mushrooming of commer-
cial stem cell clinics. Between 2002 and 2012, China became a global hub for the 
sale of unproven clinical for-profit interventions (Rosemann 2013). A first attempt 
to control this situation was undertaken in 2009 in the context of a new regulation 
for medical technologies (Sui and Sleeboom-Faulkner 2015). However, because of 
disagreements within the health authorities on feasible implementation pathways, 
this regulation was never enforced for stem cell research, and the number of 
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unproven stem cell interventions was widely reported to grow (McMahon 2014; Sui 
and Sleeboom-Faulkner 2015). In 2012 the MOH undertook a renewed regulatory 
effort by introducing a notification, which stipulated that all medical institutions 
without prior approval from the MOH or the CFDA must stop clinical stem cell 
procedures. This notification had limited effect, mainly on state-supported scientific 
institutions. An article in Nature reported that 3 months after the ban, numerous 
clinics in China were continuing their services (Cyranoski 2012). Then, in March 
2013, the NHFPC published three interrelated draft regulations for public com-
ments. These documents announced stringent controls on experimental stem cell 
interventions and emphasized clinical translation through systematic clinical trials 
overseen by the Chinese health authorities.

Elements of the 2013 regulation have now been incorporated in the regulatory 
documents published in August 2015. The 2015 “trial” regulation indicates an 
important step toward the improved governance and review of stem cell clinical 
research and applications in China. With the enforcement of systematic clinical 
studies required to comply with scientific principles, standardization, transparency, 
and the improved protection of research subjects, the CFDA and NHFPC have 
established a framework intended to cater the needs of researchers in China and 
internationally. The regulation rejects the use of unproven experimental for-profit 
interventions with stem cells (Song 2011), while introducing a clear strategy toward 
more responsible forms of clinical translation. The prohibition to advertise unproven 
stem cell treatment and charging patients for taking part in experimental studies 
alone could potentially result in the permanent halt of experimental for-profit inter-
ventions in a large number of hospitals that have profited from unclear regulations 
for years (McMahon 2014). Institutions that work under the publicized rules can be 
expected to raise methodological standards, improve the validity of research data, 
and subject patients to less risk.

However, the actual impact of the regulation depends on its enforcement and 
implementation. By sharing administrative duties for review and certification of 
clinical stem cell research and applications between provincial NHFPC and CFDA 
branches and by training specialist staff and expert committees to operate at the 
provincial level, China’s health authorities create a regulatory infrastructure that 
promises to hit its target. The document’s grounding in the country’s “Drug 
Administration Law” and the backing of its stipulations by punitive measures rein-
force this impression. Implementation, nonetheless, can be expected to be a difficult 
and gradual process, with several challenges along the way. A first challenge will be 
to train sufficient numbers of staff and to recruit well-qualified experts for indepen-
dent review, so that incoming applications can be dealt with in a reliable and simul-
taneously efficient way. A further challenge concerns the geographical size of 
China, the country’s large number of medical institutions, and the lucrative business 
opportunities that have evolved in the stem cell field in recent years (McMahon and 
Thorsteinsdóttir 2010). In the light of the well-established national and international 
networks of for-profit stem cell therapy providers in China (Sui and Sleeboom- 
Faulkner 2015), it will be difficult to control for-profit stem cell clinics. The prob-
lem of implementing the regulation to established institutions that seek to approve 
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stem cell clinical trials is different from that of controlling stem cell clinics. While 
the new trial regulation delegitimizes unapproved for-profit stem cell interventions 
and provides a legal basis to close down such clinics, it does not provide concrete 
details on how the enforcement of such controls might occur. While the Chinese 
authorities in the last years have sporadically clamped down on for-profit stem cell 
clinics (Sui and Sleeboom-Faulkner 2015), it is unclear whether the resources, 
administrative infrastructure, and the political will can be mobilized to counter 
these clinics on a large scale and on a nationwide level. Enforcement of the regula-
tion in the context of level 3 hospitals, on the other hand, can be expected to be 
successful: China’s elite stem cell researchers have long since demanded a kind of 
regulation that can legitimize their research and resulting clinical applications. It 
remains to be seen, however, how tightly oversight procedures for clinical stem cell 
applications will be organized and whether the number of staff and available 
resources will be sufficient to assure dependable implementation.

Moreover, variation can be expected in the interpretation of regulation and poli-
cies among the provinces. Will these divergent interpretations thwart homogenous 
implementation? Despite possible variation across provinces, it is clear in the trial 
regulation that all research and commercial activities fall under the responsibility of 
the main units of the NHFPC and the CFDA in Beijing, which prohibit unauthorized 
for-profit interventions at the national level. Exemptions from the national standard 
at the provincial level (which has proven a hindrance for the effective regulation of 
autologous stem cell treatments in the USA (Knoepfler 2014)) are not possible.

It is also not clear to what extent the regulation affects practices in army and 
police hospitals, which have their own regulatory bodies and where much of the 
commercial stem cell activities have been located in recent years (Yuan et al. 2012). 
Much will depend on the political prioritization of tackling all experimental stem 
cell therapy providers, ranging from small for-profit providers to powerful military 
organizations.

The promise of greater dependability of approval procedures for the clinical 
development of stem cell treatments and greater compatibility with international 
procedures should be a relief to many stem cell scientists in China. The absence of 
a functioning regulatory framework for clinical stem cell research for many years 
has deprived researchers and R&D companies of the possibility to apply for the 
official registration of newly developed candidate treatments (Rosemann 2013). It 
has also limited the opportunity for building international clinical research collabo-
rations (Zhang 2012). By introducing systematic approval procedures for stem cell 
clinical trials, the forthcoming regulation will strengthen domestic innovation tra-
jectories, facilitate collaborations with foreign researchers, and also allow for joint 
applications for the approval of candidate therapies at drug regulatory authorities in 
China and in other countries.

The trial regulation’s commitment to systematic preclinical studies, clinical tri-
als, reliable quality controls, the Chinese GCP standards, GMP, and external review 
by independent expert committees promises to create congruence with both the 
benchmarks set out in the “Guidelines for the Clinical Translation of Stem Cells” of 
the International Society for Stem Cell Research (ISSCR 2008) and the standards 
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for clinical stem cell research handled by the US Food and Drug Administration 
(FDA) and the European Medicines Agency (EMA).

13.5  Conclusion and Final Questions

The new trial regulation provides a basis to define experimental for profit interven-
tions with stem cells in China as illegal and to investigate and punish stem cell clin-
ics that operate outside the supervision of the NHFCP and the CFDA. The focus of 
this new regulation, however, is exclusively on the governance of clinical research. 
It does not stipulate any details on how the transition from clinical trials to routine 
clinical use and market approval shall be handled. This leaves many questions to be 
answered that will be crucial for corporations and international collaborations that 
strive for the joint application of stem cell treatments at drug regulatory authorities 
in China and other countries. Because information on marketing conditions is absent 
in the publicized regulation, it is extremely difficult to discuss its implications for 
international collaborations. A possible explanation to the lack of information on 
market approval in the current regulation is that no agreement on this point has been 
reached yet between involved stakeholders.

Unclear is also what procedures will be handled for the clinical use of stem cells 
that are affirmed as pharmaceutical products and also what criteria the NHFCP and 
the CFDA handle in order to define pharmaceutical stem cell products. Clearly des-
ignated subcategories of different types of stem cell interventions have not yet been 
published. However, such definitions will be of crucial importance to determine the 
relevant regulatory authority (the NHFCP, the CFDA, or different subunits). The 
fact that the CFDA is closely involved in the drafting and implementation of this 
regulation suggests that at least some stem cell-based applications will be classified 
as medicinal products. No matter how, the fact that this important point remains 
undefined suggests that harmonization with regulatory agencies in the USA, Europe, 
and other highly developed countries is still a long way off. These uncertainties 
might cause confusion for biotech companies, especially those that produce stem 
cells as quantifiable batch products from a single cell line, as, for instance, Geron 
has done with its human embryonic stem cell product (Knoepfler 2014). Another 
question is what type of clinical studies the NHFCP and CFDA require to allow the 
go-ahead from clinic to the market and routine use. While in a former, now invalid 
draft of the new regulation that was issued for public consultation in 2013, it was 
stated that systematic controlled phase I–III trials would be required (Xinhua 2013), 
the current regulation only speaks of clinical trials that shall be conducted according 
to scientific principles. Do China’s health regulators leave this question deliberately 
open, so as to have the flexibility to follow the current Japanese model rather than 
the USA or EU model, which allows for conditional and time-limited market 
approval after successful clinical studies with relatively small number of patients 
(Azuma 2015)? Another issue that remains unclear is whether the new regulation in 
China leaves space for the conduct of experimental clinical interventions with stem 
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cells outside of the format of the clinical trial (for instance, as a “last resort” treat-
ment in individual patients after all existing interventions have failed) and how these 
forms of clinical experimentation will be reviewed and approved. A further question 
is how the regulation will impact the affordability of stem cell trials. The require-
ment of systematic preclinical research, the availability of GMP laboratories, and 
clinical translation through systematic clinical trials will significantly increase the 
costs of clinical translation. Accordingly, the introduction of the new regulations 
may have drawbacks for less well-endowed research institutes (Sui and Sleeboom- 
Faulkner 2015). With increased costs and a system that allows clinical studies solely 
in qualified tier three hospitals, only a limited number of investigators and research 
institutions will be enabled to conduct clinical stem cell trials. The resulting unequal 
access to financial resources may redefine opportunities to clinical innovations in 
the stem cell field. It remains to be seen whether this new situation will reignite a 
new brain drain to the private sector or abroad.
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Chapter 14
Contested Tissues: The Donation of Oocytes 
and Embryos in the IVF-Stem Cell Interface 
in China

Achim Rosemann

14.1  Introduction

Human embryonic stem cell research has been a rapidly growing area within the life 
sciences since their discovery in 1998 (Thomson et al. 1998). A fundamental pre-
requisite for human embryonic stem cell (hESC) research is the sourcing of human 
embryos. The supply of embryos is made possible by the in vitro fertilization (IVF) 
of oocytes as part of infertility treatments, a process that routinely involves the cre-
ation of larger numbers of embryos. Depending on national regulations, “surplus” 
or “spare” embryos that IVF patients do not plan to use for reproductive purposes 
can be donated for stem cell research. In the laboratory, the inner cell mass of the 
donated embryos is isolated, modified, and cultured to colonies of hESC. These 
“spare” embryos are typically donated through a system of voluntary gifting, which 
is based on informed consent. The IVF clinic is thus the pivotal point in a triangular 
relationship that links the stem cell laboratory with the donors of the “biological raw 
material” on which stem cell economies rely: women and couples undergoing IVF 
treatment. Sarah Franklin has called this relational space the “IVF-stem cell inter-
face” (Franklin 2006, p.  86). The need of hESC for stem cell research has con-
fronted IVF patients with new choices and moral dilemmas, and it has led to a 
conflict of interests between the needs of patients and the requirements of the 
research lab. IVF clinicians are between these two interests and faced with the dif-
ficult task to balance the professional codes of the clinic with the demands of 
research (Svendsen and Koch 2008, p. 94). This situation is particularly demanding 
when IVF clinicians are also stem cell researchers or when a stem cell lab is part of 
(or part of the same institution as) an IVF clinic, which is often the case.
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During 3 months of ethnographic field research in China, conducted between 
2008 and 2009, I followed the pathway of human reproductive tissues (human 
gametes and embryos) on their way out of the human body into the IVF clinic 
and then from the clinic into the stem cell research laboratory. As I have illus-
trated elsewhere (Rosemann 2011, 2016, under review), this journey is paralleled 
by the systematic reconceptualization of the value, the status, and the meanings 
ascribed to these tissues. While initially intimately entangled with the physical, 
emotional, and social realities of their biological originators, in the course of the 
donation process, these bonds are gradually disconnected, and the telos and bio-
logical significance of these tissues is redefined (Waldby and Mitchell 2006). 
These changes enable and legitimize the destruction of human embryos and their 
transformation to hESC lines and use for scientific research. These changes 
enable, furthermore, the integration of these lines into new relational networks 
and systems of exchange, including their exchange as a commodity (Waldby and 
Mitchell 2006).

This chapter focuses on value conceptions of embryos and donation practices in 
the context of the IVF clinic, with a particular focus on the enactment of informed 
consent procedures. A question that I ask in this respect is what ideas are communi-
cated to potential embryo donors, so that the donation of their spare embryos for 
hESC research appears reasonable and justifiable. The structure of this paper is as 
follows. I will first explore the role and meaning of informed consent procedures 
and the attitudes on informed consent among IVF clinicians from five IVF clinics in 
China. I will then examine actual donation practices. I will focus in particular on the 
more problematic aspects of embryo donation, which involve the provision of false 
facts and forms of rhetoric deception. I will then discuss these findings with regard 
to the regulatory context in which hESC are donated, banked, and distributed to 
researchers. I will draw, in this regard, on a comparison with the UK and in particu-
lar the role of the UK stem cell bank. First, however, I will provide some informa-
tion on the methodology of this study.

14.2  Methods

The data presented in this chapter were gathered in China in February and March 
2008 as well as August 2009. In this time, I visited five IVF clinics and six stem cell 
centers in three cities in Southeast and Central China. Research methods comprised 
the analyses of documents, semi-structured open-ended interviews with 15 stem cell 
scientists, 15 IVF clinicians, and 15 embryo donors, as well as a quantitative survey 
study whose findings are presented elsewhere (Rosemann 2010; Rosemann 2016, 
under review). The names of researchers and clinicians that are cited in this article 
have been anonymized.

A. Rosemann



293

14.3  Informed Consent: Purposes and Attitudes

Informed consent (IC) is commonly portrayed as an indispensable bioethical prin-
ciple that safeguards autonomy and protects the patients’ right to take a fully 
informed decision (Corrigan 2003, p. 768). An alternative way of defining the role 
and functions of IC procedures has been proposed by Waldby and Mitchell (2006). 
Instead of looking at informed consent as a mechanism to protect patient rights, they 
analyze it as a mechanism for the protection of the interests of clinicians and 
researchers. The signing of a consent form, the authors suggest, relocates the rights 
of ownership from donors to researchers. This step encompasses the renouncement 
of all legal claims to the results, benefits, and profits that might be derived through 
the use of the donated embryo (Waldby and Mitchell 2006, pp. 71–73). This view 
was fully confirmed in the context of my research. As the following two quotations 
show, clinicians and researchers experience informed consent as a crucial safeguard 
for the protection of their activities and interests.

Senior IVF clinician 1: For donation [after a treatment] patients must come back to here, 
personally and sign the consent form. Otherwise, several years later, a patient might say: 
“Where is my embryo?” No, this is impossible!

I: That means the consent form is also a kind of a contract, a legal document that pro-
tects the clinic?

Senior IVF clinician 1: Yes. It is very important … for both doctors and the patients. [It] 
is very important to protect the doctor! Otherwise it is terrible. It may be a disaster to a 
center.

Senior IVF clinician 2: All details are literally stated there. Once a patient has signed a 
paper, for the researchers or doctors it is very safe, very safe.

I: Very safe, why precisely?
Senior IVF clinician 2: We have a paper here, a signature. We have a consent paper 

signed by the patient; of course, it is safe now for the technician to use the embryo.

Importantly, from the perspective of the donor, signing a consent form means 
they abstain from all rights to access to both medical and financial benefits that 
might be achieved through the act of donation:

Senior IVF clinician 3: [It is specified here that] patients cannot achieve any kind of eco-
nomic goods from a [developed] treatment.

Senior IVF clinician and stem cell researcher 1: If you sign the informed consent form, 
you have to agree that you really have no rights to the medical benefits of the research. I 
know that because I am [besides my work as clinician] also involved in a research pro-
gramme. It is said there that you will not get any benefits from the things we do. In my 
personal opinion I think that is not fair.

In my interviews, most of the IVF clinicians and researchers with whom I spoke 
expressed a well-developed responsibility awareness of the needs and concerns of 
patients. In particular, senior IVF clinicians endorsed the requirement to stick to 
ethical principles such as informed consent and the right of IVF patients for a vol-
untary and autonomous decision:
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Senior IVF clinician 4: They [the patients] have the right ... their behavior is totally volun-
tary, not under any pressure from the researchers or the doctors and [...] no matter how they 
will decide, their clinical treatment will not be influenced at all.

Senior IVF clinician 5: We have to explain to them, we have to offer different options, 
and then the patients make a decision by themselves.

Senior IVF clinician and stem cell researcher 2: We have to protect the rights of patients, 
so that they receive all the embryos they need for a successful pregnancy. Then we have to 
give information to donors about our research [...]. We have to inform patients, also if we 
want their low-quality embryos.

Many more examples could have been provided here. It is important to note, 
however, that the overwhelming majority of these statements come from clinicians 
and stem cell researchers in senior organizational functions who would only spo-
radically conduct informed consent procedures themselves. It is not surprising that 
at the level of actual practice, a more varied picture emerged.

14.4  Informed Consent and Actual Donation Practices

For persons who undergo infertility treatment, the in vitro generated embryo signi-
fies a source of profound hope and value. After the diagnosis and yearlong experi-
ence of infertility, the creation of these embryos constitutes an important source of 
“reproductive capital.” The IVF embryo, in other words, embodies the promise to 
render a long-cherished but recurrently frustrated wish to have one’s own child into 
the realm of the possible. However, whatever the initial ideas among infertility 
patients on their embryos may have been, in the course of the IVF treatment, these 
conceptions and feelings are subjected to considerable changes. IVF patients are 
exposed to new forms of expertise and explanations, and the embryos that are cre-
ated in the laboratory are subjected to rigorous testing of their quality, morphology, 
and reproductive viability. In other words, in the context of their treatments, patients 
learn to think about the characteristics and value of their embryos through the tech-
nical categories and quality parameters of the IVF space. This process can give rise 
to disappointments and a significant “culture shock” among laypeople. This restruc-
turing of ideas, attitudes, and mental images of patients’ embryos does clearly facil-
itate the attempts of clinicians or stem cell researchers to motivate IVF patients to 
donate their spare embryos for research. An important reason for this is that IVF 
embryos are evaluated and categorized along parameters of reproductive potential-
ity, which means that some embryos are defined as being of lower reproductive 
value than others. Another reason is that the explanations and quality categories of 
the IVF clinic enable the overcoming of alternative understandings of life, value, 
ethics, and sociality, such as defined by common sense, tradition, or religion. While 
I have discussed some of these points elsewhere (Rosemann 2016, under review), I 
shall provide a number of examples that offer insights into the ways in which the 
donation of embryonic tissues is carried out in the IVF clinics I visited.
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14.4.1  Exploring Clinical Practices: Disparities 
Between the Real and Projected Value of hESC

A key finding from my research was that there exist some fundamental contradic-
tions between the value descriptions of donated embryos as conveyed by IVF clini-
cians to IVF patients in the context of the donation procedure and the ways in which 
potential benefits from hESC can be used in the future. These disparities between 
“projected” and “real” value refer to a critical power imbalance between embryo 
donors and IVF clinicians as well as stem cell researchers. This situation opens up 
fundamental questions regarding benefit sharing and justice (see also Dickenson 
2006; Waldby and Mitchell 2006; Sleeboom-Faulkner 2014).

Communication practices and the ways in which the donation process of human 
embryos for hESC research were conducted varied considerably between but also 
within the different clinics I visited. The majority of IVF clinicians with whom I 
spoke expressed a well-developed responsibility awareness of the needs and the 
moral dilemmas of IVF patients. These clinicians and researchers stated that they do 
their utmost in informing patients, in answering their questions, and in offering time 
to discuss donation with friends or family. However, more problematic aspects 
could be observed. Some IVF clinicians would carry out IC procedures in a less 
mindful manner and in ways that violated the interests of patients and their right to 
receive complete and unbiased information. As the following example shows, ideas 
such as “the right to be informed” were sometimes handled in superficial and rather 
unsatisfactory ways:

I: When you ask patients to donate their low-quality embryos for hESC research, what 
information do you provide to them?

Junior IVF clinician 1: Information? (Laughs) ... Not much information. Just these 
words written down on this paper here, not much more information. [She points to a 
multiple- purpose informed consent form that lies on the table in front of her, which has to 
be filled in and signed before the onset of the treatment; most of the issues that were cov-
ered here refer to the risks and procedures of the infertility treatment itself; the donation of 
low-quality embryos for hESC research was only one issue among many, and dealt with in 
two sentences. It is specified that the donated embryos shall be used for research and that 
they will be destroyed in the process and cannot be reclaimed.]

I: But the woman [an IVF patient] we spoke to this morning, she didn’t know anything 
about stem cell research. Don’t you have to explain it to her?

Junior IVF clinician 1: It is just a brief, a brief explanation. It doesn’t have many details.
I: But does that happen often that a woman is asked to sign a form and she does not 

really know what for? I mean, for what kind of research the embryos are given away?
Junior IVF clinician 1: But they ... most of the patients do not care about what research 

we are doing. They just focus on ... if they can get successfully pregnant (laughs). [...] You 
know, most of them just don’t have any questions about it. They just go over it. They agree 
or disagree and then talk about other things. They don’t focus on this ... this is not their 
focus.

Younger clinical staff members, in particular, appear to carry out informed con-
sent procedures in careless and sometimes highly irresponsible ways. Occasionally, 
the conversations that accompanied the IC process appear to be characterized by the 
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calculated handling of silence, that is, the facilitation of “choice” through strategic 
games of information concealment and disclosure. In some cases, the conversations 
with patients also included elements of overt deception and the making of untenable 
promises:

I: How many percent of patients want to provide their embryos after you have talked to 
them?

Junior IVF clinician 2: Mm, maybe 75%.
I: Oh, that is a lot!
Junior IVF clinician 3: Yes but that is because we encourage (guli) them, we persuade 

(shuofu) them.
I: How do you do this?
Junior IVF clinician 3 (laughs and points to Junior IVF clinician 2): She is good at this 

(laughs again). She is doing this very well, to persuade patients.
Junior IVF clinician 2: I tell them that it is useful for scientists and useful for mankind, 

in the future, probably ... And, OK, I will make sure that the donated embryos will not be 
given to other people, so that they know they will not have another baby.

I: And what else do you tell. How do you try to persuade a patient so that she really ...
Junior IVF clinician 2: If patients come to our hospital their purpose is to have a baby, 

they do not care too much about the remaining embryos. [...] I tell them that the stem cells 
[derived from their donated embryo] can maybe be used for their children, in case they have 
a disease that can be cured in the future.

Junior IVF clinician 3: If their child has leukaemia, for example, maybe our research 
would help to cure these diseases. Maybe the patients, if they hear this, they think it is better 
for their child [if they donate], so many times they will agree.

Similar tactics of leading patients to believe that stem cells derived from their 
donated embryos might directly benefit the future health of the donors or the donor’s 
child could also be observed in another clinic. As a clinician in a senior position told 
me, occasionally he would tell patients the following:

Senior IVF clinician 7: If in the coming days, there will be the necessity that you use the 
stem cell line [established from your embryo] for medical purposes, we will check whether 
your embryos have become a cell line, what and where the cell line is today, and whether it 
is possible to use this line for you. If in the future there is a technique, you are the first to 
use this technique. You have the privilege to use the stem cells.

I do not want to preclude that such promises are—at least partly—based on 
good intentions or at least on a genuinely optimistic attitude toward the medical 
potential of stem cell research. However, it is obvious that these conversations 
contain elements of deception and manipulation. In addition to this, from a legal 
perspective, such claims remain unsupported. In the consent forms that patients 
sign, it is unmistakably specified that with the act of donation, the donor gives up 
all future rights on the embryo, including any claim to get access to future thera-
pies or economic profits derived from the research for which donated embryos 
have been used.
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14.5  How is the Use of hESC Lines Regulated? China 
in Comparison with the UK

hESC cell lines created in China are distributed in relatively complex and difficult 
to oversee networks within, but also across, national borders. To understand how the 
distribution of hESC can be used for the extraction of specific forms of value (and 
how these forms of values could benefit embryo donors and citizens), it is necessary 
to know more about the regulatory conditions under which these exchanges occur. I 
have decided, in this regard, to briefly compare the regulatory situation in China 
with the situation in the UK. The reason for this is that the UK is, to my knowledge, 
the only country in the world in which distribution of hESC lines occurs under the 
centralized and legally binding control of a centralized institution: the UK Stem 
Cell Bank (UK-SCB). In contrast to the UK, where the distribution of hESC lines 
occurs entirely under the supervision and rules of the UK-SCB, the movement of 
hESC lines in China occurs in a more open and, in a regulatory sense, also a less 
stringent system. However, let us first look at the situation in the UK. In the UK, the 
transfer of hESC lines is permitted only after the completion of a wide range of 
meticulously prescribed check-up procedures, which range from informed consent 
protocols to standardized assessment procedures for cell characterization and qual-
ity control. The UK-SCB steering committee plays a crucial role here, as it checks 
the license, qualifications, reputation, research objectives, and capacities of appli-
cant centers. In case of requests from centers abroad, the committee still evaluates 
the legality of the proposed research project in the acquiring country (Stephens et al. 
2008). A further responsibility of the committee is to negotiate with applicant cen-
ters the precise conditions and terms of use of the attained cell materials. Agreed 
conditions must fully comply with the UK-SCB’s code of practice. Transgression is 
punishable in law (Warrell 2009).

This situation differs significantly from China, where individual research insti-
tutes manage the distribution of hESC samples, and regional government branches 
carry out the necessary controls. Furthermore, a huge difference exists in China 
regarding the transfer of hESC materials within and across national borders. While 
transfers of hESC samples within China seem to occur on the basis of the institutes’ 
internal approval procedures, a considerably more complex regulatory picture 
emerges in the case of transfers of hESC samples abroad. Here, two basic require-
ments must be met. The first is to obtain approval from the Chinese Inspection and 
Quarantine Bureau, which handles an online registration system and which has 
specified the conditions that apply to the transfer of human tissue in the “Work 
Norms for the Health Quarantine Examination and Approval of the Entry/Exit of 
Special (Biological) Items,” a nationally binding memorandum issued in 2006. No 
distinct set of specifications, however, exists for the transfer of hESC samples in this 
document, which fall under the same category as blood, bone marrow, cord blood, 
and other tissue commonly used for medical purposes. Documentation require-
ments for this category include a range of standard operating procedures for the 
identification of cell identity, quality, and the presence of microbial contaminants 
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and biohazards. Further requirements include a description of research purposes 
and potential risks.

The second requirement is the setting up of a Material Transfer Agreement 
(MTA), a document that has to be signed by the Chinese Human Genetic Resources 
Control Office (HGCO). The MTA specifies the conditions and terms of use of 
exchanged tissue as negotiated and agreed upon between the exchange partners. 
Besides issues related to intellectual property and benefit sharing, the document 
must include a technical description of the research and a risk assessment and safety 
evaluation form. The HGCO checks also the license and qualifications of the tissue 
recipient abroad. Once the MTA has been authorized, a local branch of the Inspection 
and Quarantine Bureau issues a final approval document (Warrell 2009).

A key difference from the UK is that neither the HGCO nor the Inspection and 
Quarantine Bureau carries out controls of issues relevant to the ethical oversight of 
the transfer of hESC samples, such as the documentation of appropriate informed 
consent. Furthermore, while research purposes and related risks, together with the 
license, reputation, and capacities of tissue recipients, are assessed in case of inter-
national transfers, in domestic transfers such controls are performed by individual 
research institutes. As I will show now, these differences have implications with 
regard to the benefits that can be achieved by researchers, embryo donors, and the 
wider citizenry.

14.6  Benefits for the National Community?

A widely expressed claim that IVF clinicians communicated to potential embryo 
donors was that the donation and use of embryos for research would contribute to 
the improvement of the future health of fellow citizens. As one of the IVF clinicians 
with whom I spoke put it: “We tell our patients that the whole society may benefit 
from the donation of their embryos in the future” (emphasis mine). Donation is 
portrayed here as an act of altruism and solidarity. Present-day citizens help, through 
their donation, the well-being of future citizens, a selfless expression of help that 
might also benefit oneself and one’s family. While this may be true for more wealthy 
citizens of high-income countries with comprehensive health care systems, these 
representations provide donors with a biased and rather one-dimensional picture of 
the benefits that can be extracted by the donation and usage of embryos. Three 
points deserve attention in this regard.

First, many of the hESC cell lines that have been created over the past years have 
been distributed to research laboratories all over the world. However, the dispersion 
of places in which research is carried out implies also the spatial dispersion of thera-
peutic applications. As I have shown elsewhere (Rosemann 2011), the distribution 
of stem cell lines across borders is likely to result in the extraction of benefits that 
are shared beyond the relations of national citizenship, events that considerably 
contradict with the perceptions of most embryo donors in China, who are left in the 
belief that research findings contribute, in the first place, to the national health 
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 community. A justified concern in this regard is that access to these developing 
therapeutic possibilities will be highly selective, across national borders as well as 
within. Unlike blood, for example, whose donation benefits people regardless of 
their socioeconomic status, the donation of embryos for the labor-, technology- and 
capital- intensive stem cell research is likely to benefit exclusively the more wealthy 
segments of national populations. In low-income countries such as China, that 
means that larger parts of the population might be excluded from access to these 
therapies, including the majority of people who had donated their embryos for 
research.

Second, the one-sided focus on the communication of the health value of stem 
cell research neglects all other forms of value that are hoped to be extracted on the 
basis of hESC research, among which the accrual of profits by pharmaceutical com-
panies and the biotech industry, the realization of political ambitions as well as 
financial gains, and increases in status for individual scientists and research 
centers.

Third, the communication of the future value of hESC research in terms of “ben-
efits for the national citizenry” neglects to account for the concrete forms of value 
and benefit that the derivation, use, distribution, and circulation of hESC lines has 
for scientific user communities in the present. As I have shown in another publica-
tion (Rosemann 2011), the use and exchange of hESC lines between different 
research labs is producing various forms of value for researchers and research cen-
ters. These are not elusive forms of “future value” but tangible forms of “present- 
day value” that range from career benefits to the attainment of workforce, to 
augmented numbers of publications, to the initiation of national and international 
research collaborations, and to the initiation of sustained chains of exchange with 
other researchers and corporations. While these processes in themselves are in gen-
eral positive and they are as they should be, it is nonetheless striking that these 
benefits remain completely unspecified in the everyday practice of embryo 
donation.

14.7  Conclusions

In this chapter I provided insights into the communication processes through which 
the donation of embryos is facilitated in IVF clinics in China. A varied picture 
emerged here that offered insights into practices that unfolded between the poles of 
a strong commitment to professional care and high responsibility awareness, on the 
one hand, and forms of deception and untenable promises, on the other hand. On 
average, differences in attitudes and practices could be noted between clinicians and 
researchers in lower and higher professional positions. These gaps between pro-
moted principles of good practice at the top level and actual practices at the level of 
the bedside indicate a lack of adequate ethical training of clinical staff or research-
ers. The chapter clarified, furthermore, that there exists a fundamental gap between 
the ways in which the value of the donated embryo is communicated to donors and 
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the forms of value that are extracted by hESC researchers and corporations. In the 
IVF clinics I visited, the donation of embryos for hESC research was framed pri-
marily as an act of solidarity, which exemplified a selfless expression of support 
from citizen to citizen. However, in the light of the complexities and stumbling 
blocks of present-day systems of human tissue circulation and the concrete forms of 
benefit and profit that the derivation and possession of stem cell lines creates for 
user communities in the present, such claims are misleading. Cross-culturally 
informed types of bioethics recognize that there are variations in the ways in which 
social phenomena and processes are categorized and problematized. However, from 
my understanding, some of the practices I encountered did clearly transgress the 
(admittedly difficult to define) borderlands of mutual respect and the positive recog-
nition of difference. The observed ways in which patients were misled by some 
clinicians are intolerable according to Chinese guidelines for embryo donation and 
according to international standards, as provided, for instance, by the International 
Society for Stem Cell Research.
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Chapter 15
Challenges to International Stem Cell Clinical 
Trials in Countries with Diverging Regulations

Achim Rosemann

15.1  Introduction

International collaborations in stem cell medicine have the potential to increase the 
speed of clinical translation and to maximize access to new therapies in multiple 
countries (Martell et al. 2010). With phase II and III trials on the rise, the significance 
of multi-country stem cell trials is growing. At present, however, the conduct of inter-
national stem cell trials is hampered by a high level of regulatory heterogeneity 
across countries and the absence of internationally harmonized governance frame-
works (Bubela et al. 2014). Even though drug regulatory authorities in the USA, the 
European Union, and Canada have now initiated collaborations that focus on the 
convergence of regulatory procedures for cellular therapy products, globally harmo-
nized regulatory procedures are far off (Arcidiacono et al. 2012; Blasimme 2013). 
Regulatory procedures through which the safety and efficacy of stem cell- based 
treatments are determined vary widely and confront clinical trial sponsors with con-
trasting demands. In this chapter we show that this high level of regulatory variation 
and the lack of internationally binding standards for clinical stem cell research pres-
ent a huge challenge to multi-country clinical trial collaborations. Four types of chal-
lenges will be highlighted. First is the need to inquire into and interact with regulatory 
procedures and law in multiple countries. Second, the interaction with medical 
authorities in multiple countries is resulting in a very high level of organizational 
complexity. Third is the challenge of time delays and unexpected costs that result 
from unclear, emerging, or changing regulatory arrangements in different countries. 
Fourth is that the high level of regulatory variation across countries necessitates far-
reaching forms of scientific self-governance, training, and procedural adjustments in 
participating clinical trial sites. The chapter is organized in four parts. Part I  
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provides a brief overview of recent regulatory developments, to illustrate the types of 
differences that clinical trial sponsors and investigators can expect. Part II introduces 
some of the main practical and organizational challenges that arise from these differ-
ences. Part III illustrates the abovementioned challenges through a case study of an 
international clinical trial infrastructure that has been active across the contexts of 
China, Hong Kong, Taiwan, and the USA. Part IV calls for the creation of an inter-
national support structure that systematically addresses these problems. Five mea-
sures that may help to tackle existing difficulties will be introduced.1

15.2  A Diversifying Regulatory Landscape

In the mid- and late 2000s, the USA and European Union have emerged as interna-
tional trendsetters for the regulation of stem cells and human tissue products. Drug 
regulatory authorities in these regions have issued a risk-based tiered approach that 
classifies stem cells that are more than minimally manipulated as biological prod-
ucts. These are subject to premarket approval of the US Food and Drug Administration 
(FDA) and the European Medicines Agency (EMA), which involves systematic pre-
clinical safety studies and the mandatory use of phase I–III drug trials and good 
clinical practice (GCP) standards (Faulkner 2012; Knoepfler 2015). Stem cells that 
are only minimally manipulated and intended for homologous use can be applied to 
patients under compliance with national tissue regulations, which does not involve 
clinical trials. A problem is that—for clinical investigators and small-to-midsize 
companies—the high costs of premarket approval procedures are difficult to cover. 
Geron Corporation, for example, which developed the world’s first human embry-
onic stem cell (hESC) product that entered clinical trials, had to invest about 200 
million US dollars in its hESC program, before FDA approval for a phase I trial 
could be obtained. To get to this point, research was carried out for nearly a decade. 
As stated by Edward Wirth, the former chief scientist of the hESC program at 
Geron, to test biodistribution, dosing, delivery, toxicity, tumorigenicity, and immune 
rejection, the company conducted 24 preclinical studies before an investigational 
new drug (IND) application could be filed at the FDA in March 2008. These studies 
included in total 1977 rodents. The IND application that the corporation submitted 
was 21,000 pages long, with more than 90% consisting of data from the preclinical 

1 This chapter is based on three papers that I have published in 2014 and 2015. These papers are (1) 
Rosemann A (2015) Multi-country stem cell trials: the need for an international support structure. 
Stem Cell Res 14(3):396–400; (2) Rosemann A (2015) Stem cell treatments for neurodegenerative 
diseases: challenges from a science, business and healthcare perspectives, Neurodegener Dis 
Manag 5(2):85–87; and (3) Rosemann A (2014) Standardization as situation-specific achievement: 
regulatory diversity and the production of value in intercontinental collaborations in stem cell 
medicine. Soc Sci Med 122:72–80. I have rearranged information from these articles and devel-
oped them further in the context of this chapter. These articles have been published open access 
under a CC-BY license. I am permitted to use and reproduce segments of these texts in this 
chapter.
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studies. According to Wirth, this was the longest application the FDA had received 
at that time (Wirth 2010). After submission the FDA put the IND on a halt 2 times, 
for 6 and 13 months, respectively, with the request to carry out additional preclinical 
studies. Unfortunately, Geron had to halt its first hESC trial after five patients for 
financial and strategic reasons in 2011, only months after obtaining regulatory 
clearance by the FDA (Brennan 2011). It is important to note, though, that—because 
Geron’s groundbreaking study took place in an early phase of hESC research—the 
costs were much higher than for the development of subsequent hESC products 
(Keirstead 2012). The reason is that drug development costs decrease as a new tech-
nology advances and as regulatory frameworks are getting more mature. 
Nevertheless, in high-income countries extensive preclinical requirements and the 
obligatory conduct of phase I–III trials and subsequent product release costs are 
expensive. These costs can run up to several hundred millions of US dollars. For 
academic investigators and small-to-midsize companies, these high costs are diffi-
cult to bear and carry the risk of financial unsustainability.

In the light of these costs, it is an important question whether stem cell-based 
medicinal strategies can be translated into affordable and widely accessible treat-
ments. As I have argued elsewhere (Rosemann 2015), the translation of the thera-
peutic potential of stem cells into routine, reimbursable healthcare practice is 
currently not only hindered by unresolved scientific issues but also by high financial 
risks for corporations and the question whether evolving treatments will be afford-
able enough to be reimbursed by national healthcare systems. There is a severe 
risk—especially for technologically more demanding treatments—investments can-
not be amortized. It is expected that the fees for stem cell-based treatments for 
neurodegenerative diseases will be between 30,000 and 100,000 US dollars 
(Nuffield Council on Bioethics 2013). For individualized and technologically more 
complex iPS cell treatments, estimates lie around 200,000 US dollars or more 
(Knoepfler 2012). As pointed out by the stem cell biologists Tabar and Studer 
(2014), given the high costs that are associated, for instance, with iPS and other 
pluripotent cell technologies, the integration of these treatments into routine, reim-
bursable medical practice is highly unlikely. If this is true, the range of potential 
users will clearly be delimited, to a relatively small group of wealthy patients. In the 
light of this situation, the risk of financial unsustainability is high. It remains to be 
seen whether development costs can be amortized and sustainable profits can be 
generated.

These risks, high costs, and the long duration of premarket approval procedures 
have in numerous countries resulted in a refusal to accept the standards of high- 
income countries in Northern America and Europe. New types of standards and 
forms of regulation have emerged that significantly diverge from US–European 
models. Even though drug regulatory authorities in the USA, the European Union, 
and Canada have recently initiated collaborations that aim to converge regulatory 
procedures for cellular therapy products, globally harmonized regulatory proce-
dures will be difficult to achieve Rosemann, Bortz and Vasen (2016). What can be 
observed in the stem cell field is a shift to global regulatory diversification rather 
than international harmonization. For instance, in 2014, Japan introduced an 
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approval path for stem cell treatments that avoids the phase I–III clinical trial sys-
tem (Lysaght and Sipp 2014). The new fast-track path enables conditional market 
approval on the basis of safety and efficacy tests on small numbers of patients, 
complemented by a 5–7-year period of post-marketing surveillance (Cyranoski 
2013). South Korea’s Food and Drug Administration still holds onto phase I–III 
clinical trials but has introduced an accelerated system that, on a global level, 
enables the fastest path to market approval for stem cell-based medical products 
(Wohn 2012; Cyranoski 2013). In China and India, health authorities have for many 
years taken a fairly permissive way to the clinical testing and market introduction of 
stem cell treatments.

These countries have until now issued only provisional regulations and regula-
tory guidelines with limited legal options to enforce them (Viswanathan et al. 2013; 
Rosemann 2013; Tiwari and Raman 2014; Sui and Sleeboom-Faulkner 2015). 
Although Chinese and Indian regulatory agencies have recently endorsed the man-
datory use of controlled trials for market approval of stem cell products (Tiwari and 
Raman 2014; Rosemann and Sleeboom-Faulkner 2016), hundreds of clinics have 
provided experimental treatments without evidence from systematic clinical studies 
(Baker 2005; Cyranoski 2009; McMahon 2014). The providers of these experimen-
tal therapies have capitalized on the promissory potential of stem cells, to offer new 
treatment options for previously incurable diseases and to give rise to new therapeu-
tic markets (Salter 2009). These uncontrolled environments of experimental appli-
cations of stem cell research stand in sharp contrast with environments in the USA 
and Europe, where systematic preclinical safety studies and phase I–III trials are the 
cornerstones of market approval procedures for medical products (Faulkner 2012). 
Uncontrolled applications have been reported in more stringently regulated coun-
tries, such as Germany and the USA (McMahon 2014), when companies have either 
ignored state regulation or have exploited regulatory gray areas (Cyranoski 2013; 
Sipp 2014). These kinds of uncontrolled, commerce-driven applications of stem cell 
research are generally dismissed in top international journals (Cyranoski 2006; 
Hyun 2010; Kiatpongsan and Sipp 2008), as well as in official statements by the 
International Society for Stem Cell Research (ISSCR) (ISSCR 2008; Lindvall and 
Hyun 2009). While such dismissals may from a methodological and ethical per-
spective in many cases be justified, they reflect also the position of the global elite 
of stem cell research, a group composed mainly of researchers from high-income 
countries (Sleeboom-Faulkner et al. 2016).

15.3  Challenges to the Organization of International Stem 
Cell Trials

Four types of challenges will be highlighted. First is the need to inquire into and 
interact with regulatory procedures and law in multiple countries. Second, the inter-
action with medical authorities in multiple countries is resulting in a very high level 
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of organizational complexity. Third is the challenge of time delays and unexpected 
costs that result from unclear, emerging, or changing regulatory arrangements in 
different countries. Fourth is that the high level of regulatory variation across coun-
tries necessitates far-reaching forms of scientific self-governance, training, and pro-
cedural adjustments in participating clinical trial sites.

15.3.1  The Need to Inquire and Interact with Regulatory 
Procedures and Law in Multiple Countries

A first challenge to the organization of multi-country stem cell trials is the necessity 
to conduct long-term in-depth research into the regulatory requirements of drug 
regulatory authorities in multiple countries (OECD 2011). Stem cell therapies, as 
pointed out by Martell and colleagues, “do not neatly fit into current regulatory 
categories,” and the barriers of translating stem cell-based approaches in function-
ing therapies lie “in both technical and regulatory constraints” (Martell et al. 2010, 
p. 451).

Regulations for the clinical use of stem cells are in many countries emerging 
only gradually, and far-reaching regulatory differences exist. For clinical investiga-
tors and industry, this diversified and rapidly changing situation is confusing and 
poses significant organizational difficulties (Rosemann 2014a). What is required is 
a long-term, reflective engagement with the review and approval procedures that are 
handled by the drug regulatory authorities in the countries in which a trial is con-
ducted. In order to develop study protocols that are compliant with the demands of 
multiple regulatory agencies, gaps between jurisdictional frameworks must be iden-
tified at an early stage of the clinical translation process. This is a difficult task that 
takes time and may be complicated by language barriers, insufficiently defined 
regulatory procedures, cultural differences, and disparities in the enforcement of 
regulatory protocols (Ravinetto et al. 2013). It is complicated, furthermore, because 
the regulatory issues that are associated with the development of autologous stem 
cell therapies (Hourd et al. 2014) do in important respects differ from the character-
istics that need to be taken into account in the context of clinical trials with pluripo-
tent stem cells (Andrews et al. 2014).

15.3.2  High Level of Organizational Complexity

A second challenge is that the interaction with medical authorities in multiple countries 
is resulting in a very high level of organizational complexity (Minisman et al. 2012). To 
file applications at multiple drug regulatory agencies is a time-, cost-, and labor-inten-
sive process that requires specially trained staff and a well-functioning administrative 
infrastructure (Rosemann  2014b). While for industry-sponsored trials this is not 
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necessarily a problem, for academic research groups and small-to- midsize biotech 
companies (which at present are the main sponsors of clinical stem cell trials), these 
resources are often not available and difficult to acquire (Keirstead 2012).

15.3.3  Time Delays and Unexpected Costs from Unclear, 
Emerging, or Changing Regulatory Arrangements

A third type of challenge are time delays, increased costs, and uncertainties that 
arise from nonexistent or still emerging regulatory procedures in some countries. In 
China, for instance, where effective regulatory procedures for the clinical testing of 
stem cell-based therapeutic approaches have until 2012 been nonexistent, the China 
Food and Drug Administration (CFDA) has repeatedly refused to accept incoming 
investigational new drug (IND) applications for stem cell-based products (Rosemann 
2013). Such unresolved regulatory issues can cause long-drawn-out delays and 
additional costs to the sponsors of clinical stem cell trials and result in the need to 
apply for regulatory approval in another country where regulatory procedures are 
clearer and to conduct the trial there (Bhagavati 2015). But unresolved regulatory 
issues and the potential for sudden regulatory changes exist also in countries with 
highly developed regulatory frameworks. Noteworthy is, in particular, the ongoing 
debate on who should regulate autologous stem cell interventions (Zarzeczny et al. 
2014). In the USA, for instance, think tanks are using the case of autologous stem 
cells in order to promote broader deregulation, and several companies and profes-
sional societies (most prominently the ICMS) have argued that “autologous cell 
products should be treated as part of medical practice and thus not subjected to 
marketing approval” (Bianco and Sipp 2014). These calls have resulted in a bill for 
the Freedom of Choice Act that was put forward to the US congress in April 2014. 
According to this bill, investigational stem cell technologies could be sold to termi-
nally ill patients, outside of the control of the US Food and Drug Administration 
(FDA) (Morgan 2014). Similar developments can also be reported from other highly 
regulated countries. Australia, for instance, has exempted autologous stem cells 
from the review procedures of its drug regulatory agency (Tuch and Wall 2014), and 
in Italy the use of autologous mesenchymal stem cells has been taken out of the 
jurisdiction of the Italian Medicine’s Agency in 2013 (Berger et al. 2014). These 
developments are likely to influence regulations in other countries (Bianco and Sipp 
2014). Most importantly, however, the jurisdictional variation in regulatory frame-
works and the prospect of ongoing policy changes make the implementation of 
multi-country stem cell trials more difficult and increase the risk of organizational 
complications, unexpected or misplaced investments, and time delays.
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15.3.4  The Need for Scientific Self-Governance, Training, 
and Procedural Adjustments in Participating Clinical 
Trial Sites

A fourth challenge is that the high level of regulatory variation across countries 
necessitates far-reaching forms of scientific self-governance, training, and proce-
dural adjustments in participating clinical trial sites (Rosemann 2014b). If, for 
instance, data from clinical trials that are conducted in one country are to be used 
for investigational new drug applications in other countries (or alternatively, if there 
are simultaneous clinical trials conducted in multiple countries), the basic regula-
tory requirements of these countries’ drug regulatory authorities must be met. 
Intercontinental clinical trials conducted in South Africa, India, Mexico, or China, 
for example, must be congruent with the methodological standards required for the 
approval of later-stage (or parallel) trials, by the health authorities, in say the UK, 
Sweden, or the USA. The balancing out of regulatory disparities between countries 
requires strategic efforts to navigate through a diverse and internationally non- 
harmonized regulatory environment; the aim is to create compliance with the diver-
gent requirements of drug regulatory authorities and related processes of peer 
review in multiple countries (cf. Wahlberg et  al. 2013). These efforts comprise 
project- internal forms of scientific self-governance and capacity building that are 
aimed at compensating regulatory gaps and creating congruence with the auditing 
demands of diverging regulatory and political systems (Sariola and Simpson 2013; 
Sleeboom-Faulkner 2013). The enactment of such transnational forms of scientific 
self-governance involves the restructuration and standardization of local clinical 
research environments and practices in the involved clinical trial sites (Rosemann 
2014a, b). A central reason for this is that regulatory differences between countries 
give rise to and enable different types of clinical research practice, methodologies, 
and ethical standards, at the level of local medical institutions. In many countries, 
moreover, knowledge on the conduct of systematized controlled stem cell trials is 
often limited among clinical researchers (Li et al. 2014). These disparities between 
and also within local hospitals form a clear threat to the scientific integrity of inter-
national stem cell trials (OECD 2011). As a result, intensive forms of staff training 
and adjustments of local clinical cultures and research practices are necessary, so 
that standardized research protocols can be implemented (Ravinetto et al. 2013). 
Standardization requires, furthermore, the implementation of reliable monitoring 
and control infrastructures. For academic investigators and small-to-midsize com-
panies, the performances of these tasks pose a significant organizational and finan-
cial burden (Keirstead 2012). Unless sufficient funding for these forms of education 
and scientific self-governance is acquired, multicenter international stem cell trials 
cannot be conducted. A closely related challenge is that in the stem cell field, long-
standing, established clinical trial infrastructures are mostly still absent. In more 
established fields of medicine, well-functioning international research platforms 
have emerged over decades that employ unified methodological standards and ethi-
cal review procedures; these allow for effective and rapid forms of clinical testing 
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(Keating and Cambrosio 2012). In the stem cell field, however, the development of 
clinical infrastructures is often still in initial stages. New alliances between research-
ers, hospitals, universities, corporations, and government institutions have to be 
formed, and unified coordination structures must be established. These processes 
are complicated by regulatory demands for good manufacturing practice (GMP) 
labs and the development of specialized surgical and injection procedures, which 
requires cooperation between experts from a multiplicity of disciplines and back-
grounds. The formation of such standardized multicenter clinical trial infrastruc-
tures is time and labor intensive and involves significant costs. It includes, moreover, 
tasks and responsibilities for which medical researchers are not trained, and that can 
only be learned through experience (Keirstead 2008). A substantial amount of 
energy is necessary to build such infrastructures, long before actual clinical research 
can be conducted.

In the next section, I will briefly exemplify the different forms that project- 
internal processes of scientific self-governance and capacity building can take, in 
order to achieve standardization across participating clinical trial site. The example 
comes from the China Spinal Cord Injury Network, a clinical research network that 
has been active across the contexts of China, Hong Kong, and the USA.  Three 
aspects of change shall be highlighted: selection, restructuring, and the forestalling 
of regulatory gaps.

15.4  Case Study: Scientific Self-Governance in a 
Sino- American Clinical Trial Network

The China Spinal Cord Injury Network (China SCI Net) is the first intercontinental 
clinical trial infrastructure in the stem cell field that has emerged between medical 
researchers in mainland China, Hong Kong, Taiwan, and the USA. The network 
involves more than 20 spinal cord injury (SCI) centers and is dedicated to the clini-
cal testing of stem cell-based combination therapies for spinal cord injury. It targets 
the licensing of (potentially) successful treatments in China, Hong Kong, Taiwan, 
the USA, and potentially other countries. Until April 2014, the China SCI Net had 
conducted seven clinical studies. An initial noninterventional observational study 
was carried out between 2005 and 2008 in 22 hospitals to collect diagnostic and 
long-term follow-up data from up to 600 acute and chronic SCI patients. This study 
was followed by five phase I and II trials that have been conducted in chronic SCI 
patients, in two university hospitals in Hong Kong and one military hospital in 
China. Two of these studies tested the safety and efficacy of lithium in SCI patients, 
and three studies an experimental combination therapy of umbilical cord blood 
(UCB) mononuclear cells, lithium, and methylprednisolone. A Phase III trial incor-
porating more hospitals (including those in Taiwan) is being planned in the nearby 
future.
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15.4.1  Scientific Self-Governance and Capacity Building 
in the China SCI Net

What we are trying to do is to bring the international standards of clinical trials to China. 
[We] bring in the concept of using all the modern standards on how to run a clinical [stem 
cell] trial, as it is recognized in the West, in the current time. All the conceptions of leading 
this network … evolve around that concept. […] First of all we had to promote the interest 
[…] to bring in experts from around mainland China, Hong Kong, Taiwan […], to provide 
a platform. And the second level is, we would then bring in the knowledge as to how a clini-
cal trial should be run, in an internationally recognized manner.

Prof Kwok-Fai So, Co-Director of China SCI Net, interview with author, Jan 7 2011. 

The realization of this objective is based on three different types of intervention: 
selecting, restructuring, and the forestalling of regulatory gaps.

15.4.2  Selection

A first and crucial task for the formation of the China SCI Net was the selection of 
hospitals that would have the capacity and qualifications to function as clinical trial 
sites. This is a continuous process that gains significance with each new clinical trial 
that is planned and conducted by the network. Selection of suitable hospitals 
depends, in essence, on the ability of affiliated centers to provide evidence that the 
standards and criteria required for participation in internationally recognized (mul-
ticenter) clinical trials can be met. The leadership of the China SCI Net in this 
respect is a combination of external and internal assessment parameters. External 
assessment parameters refer to outward qualification criteria of associated hospitals. 
These include the Chinese good clinical practice (GCP) certification (i.e., the recog-
nition of hospitals as certified clinical trial units, following a qualification procedure 
under the National Health and Family Planning Commission [NHFPC; the former 
Ministry of Health]). They include, furthermore, the availability of good laboratory 
practice (GLP)-accredited laboratory facilities. Internal assessment parameters 
refer to criteria that are imposed on affiliated hospitals by the network itself. These 
internal qualification criteria can be divided into “performance-based” and “organi-
zational” parameters. Organizational criteria cover aspects such as checks of hospi-
tal internal institutional review board (IRB) approval procedures, availability of the 
necessary technical instruments, adequate specialist staff, sufficient hospital beds, 
insurance protection for patients, and adherence to other technical and clinical con-
ditions that are contractually defined between the China SCI Net’s headquarter and 
affiliated hospitals. Performance-based assessment criteria have been exerted first in 
the context of the network’s observational clinical study that was conducted in 22 
hospitals between 2005 and 2008 but have been applied in all further trials that the 
organization has conducted since then. Performance-based criteria focus, above all, 
on the compliance (of each participating hospital) to a clinical trial’s protocol, 
which prescribes the exact clinical, methodological, technical, and organizational 
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procedures of a study. The monitoring of protocol compliance involves the observa-
tion of the correct handling of inclusion and exclusion criteria, the conduct of physi-
ological examinations and follow-up investigations, the accurate completion of data 
sheets, and the informed consent procedures. These monitoring tasks are done from 
the network’s headquarters in Hong Kong. The headquarters—which between 2007 
and 2012 employed one full-time and two part-time staff—operates under the 
supervision of the network’s board of directors. The Hong Kong office is the nerve 
center of the network. All operations of the organization, as well as communication 
with affiliated hospitals, are coordinated from here. In addition to arranging the 
logistics of the network’s clinical trials, and the monitoring of the activities and 
performance of participating hospitals, the headquarters also plays a central role in 
the restructuring of institutional arrangements and practices in associated centers.

15.4.3  Restructuring

The formation of a standardized multicenter clinical trial infrastructure that operates 
according to internationally recognized principles requires significant adjustments 
of local clinical research practices and conditions in network-affiliated hospitals. 
These changes were achieved by an intensive training program, and the implemen-
tation of performance-based assessment procedures, through which required insti-
tutional adjustments, could be monitored and—if necessary—corrected. Training 
for staff members of the relevant departments in the 25 associated research hospitals 
began in 2005, with three to four meetings per year until 2009. A first target was the 
standardization of neurological examination procedures to ensure valid and repli-
cable assessment of the injury grade of spinal cord injury patients on the trial.

When we first came here, the neurological assessment of spinal cord injury – almost every-
where – was completely haphazard. It ranged from, eh, you know … you take a pin, you put 
it here, you touch a patient, ask “Can you feel it?” There was no discipline … no common 
languages, no common neurological assessment of the patients.

Professor Wise Young, director of the China SCI Net, interview with author, June 24 2010. 

Standardization of neurological assessment was the first in a long list of method-
ological, clinical, and organizational issues that were addressed. Training addressed 
aspects of clinical trial design, such as protocol development, quality assurance 
measures, reliable use of outcome measures, long-term follow-up of patients, and 
ethical and legal issues of clinical trials, as well as requirements by foreign drug 
regulatory authorities and international journals. In its training program, the China 
SCI Net did not work with an examination system. Instead, new contents and prac-
tices were transmitted through demonstrations and educational materials, and com-
pliance to newly introduced standards, protocols, and standardized procedures was 
then tested in practice.

A crucial endeavor in this respect was the organization of an initial observational 
(i.e., noninterventional) trial, a multicenter study that was conducted in 22 hospitals 
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in mainland China, Hong Kong, and Taiwan. The purpose of this study was to col-
lect long-term data from 600 chronic and acute spinal cord injury patients, in accor-
dance with international recruitment and measurement protocols. In addition to the 
scientific value of this study—which was the first longitudinal observational study 
of chronic and acute spinal cord injury patients in China—it fulfilled a central func-
tion for the network to serve as a test trial of the ability of affiliated centers to recruit 
patients, to conduct standardized neurological assessments [based on the ASIA 
scheme, developed by the ISCS], to carry out long-term follow-ups, and to docu-
ment data and data collection procedures in the prescribed, standardized, fashion. 
This study helped in identifying various challenges:

The first trial we held was an observational trial. To show that the hospitals can deliver the 
data … Now this study revealed a lot of problems I actually had heard about, but never 
really encountered, until to this point. The number one problem in China is really to get 
patients to come back [for follow-up investigations]. … But we [also] observed data that 
just could not have been. You know – patient data would be the same, over the whole year 
period. Suggesting that someone had examined the patients very carefully … It became 
very clear to us that we need to have very good controls of the protocol.

Professor Wise Young, director of the China SCI Net, interview with author, June 24 2010. 

Due to these problems, instead of the intended 600 patients, only 386 patient 
profiles were completed in this first—entirely observational—study. These insights 
into local conditions and related challenges resulted in the wide-ranging restructur-
ing of the control and monitoring structures through which the network operated, 
such as the introduction of a supervisor–principal investigator double-signing sys-
tem. With this system, each doctor or nurse involved in examination of patients has 
to “sign off” the data collection sheet with his or her supervisor and the principal 
investigator in the institute. Documentation protocols, moreover, were changed 
from paper to a computerized web-based system for data entry, in order to enhance 
data insertion and data analysis and to permit continuous checks by the headquar-
ters in Hong Kong. Identification of challenges in this observational study gave rise, 
too, to adjustments of training procedures, as well as the decision to work with a 
contract research organization (CRO) during the forthcoming phase III trial.

15.4.4  The Forestalling of Regulatory Gaps

The selection of suitable hospitals, and adjustments of local clinical research prac-
tices and conditions, aims at the consistent implementation of fully standardized 
clinical research protocols. In contrast to multicenter clinical trials that are con-
ducted in a single country, the project-internal forms of self-regulation, capacity 
building, and institutional restructuration that have been described constitute a long- 
term strategic endeavor to create congruence with the auditing demands of widely 
varying regulatory and legal systems. At the time of writing, the clinical trials of the 
network had been approved exclusively by the regulatory authorities in Hong Kong 
and mainland China, but the data from these trials shall be used for investigational 
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new drug applications (INDs) in the USA and maybe other countries. This required 
an enduring anticipatory engagement with the review and approval criteria of the 
US Food and Drug Administration (FDA) with respect to the “acceptance of foreign 
clinical studies not conducted under an investigational new drug application (non- 
IND foreign clinical studies)” (Fink 2009). This constant need for forms of anticipa-
tory audit processes requires the identification and forestalling of regulatory gaps 
between national jurisdictions from an early stage of the clinical translation process. 
A brief example will serve to illustrate this point. At the time of writing, the Health 
Department of the Army General Logistics Department in China (the regulatory 
agency that approved the China SCI Net’s clinical studies in mainland China) did 
not mandatorily require that clinical studies should be conducted in compliance 
with ICH-GCP standards. Nor did it require the clinical trials to be conducted exclu-
sively in hospitals certified by the Chinese MOH, as officially recognized clinical 
trial units. However, the US FDA’s list of requirements for the acceptance of “non- 
IND foreign trials” (in the context of IND applications at the US FDA) states that 
“accordance with good clinical practice (GCP), including review and approval by 
an independent ethics committee (IEC)” is obligatory (Federal Register 2008). In 
order to preempt any difficulty arising from these discrepancies, the China SCI Net 
tried to forestall regulatory gaps from the outset and ensured their clinical trial pro-
tocols were fully GCP compliant and only MOH-certified hospitals were selected. 
Moreover, in addition to approval by the Army General Logistics Department in 
Beijing, ethics committee review was also sought by Western IRB, a for-profit IRB 
in the USA with close ties to the US FDA.

15.5  The Need for an International Support Structure

The International Society of Stem Cell Research (ISSCR) has in 2010 called for the 
need to harmonize regulations for the clinical translation and commercialization of 
stem cell-based products and therapies (Martell et al. 2010). However, in 2014 the 
global regulatory landscape for clinical stem cell research remains as diverse as 
before. This situation continues to pose problems to the organization of transna-
tional stem cell trials. I suggest that—in the light of the abovementioned chal-
lenges—what is needed is the creation of an international support structure, through 
which the organizational challenges of multi-country stem cell trials can be system-
atically addressed. International bodies such as the ISSCR or the International Stem 
Cell Forum have until now focused primarily on the development of guidelines, best 
practice standards, and various types of recommendation. These documents have 
concentrated on crucial aspects of the clinical translation process, including the col-
lection, derivation, storage, and clinical application of stem cells, as well as intel-
lectual property rights, commercialization, industry engagement, and ethical issues 
of stem cell research (Isasi 2012). However, a support structure that specifically 
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addresses the regulatory and organizational challenges of multi-country stem cell 
trials has so far not yet been developed. Such a scheme could encompass five 
elements.

15.5.1  The Development of a Web-Based Databank that 
Provides Detailed Information on Regulatory 
Requirements and Procedures for Clinical Stem Cell 
Research and Marketing Approval in a Large Number 
of Countries

This repository could provide a detailed overview of responsible government units, 
key contacts, as well as regulatory documents and websites. Regulatory procedures 
and manuals on how to apply for and conduct stem cell clinical trials in different 
countries could be introduced in detail. This databank could work with a computer-
ized system that explains differences between the regulatory requirement of specific 
countries and regions and that helps to clarify what kind of tasks clinical trial spon-
sors will have to perform to balance out these regulatory gaps. In order to be valu-
able, such a database would have to be nuanced for different cell types and 
manufacturing standards. It would also have to provide information for the regula-
tion of combination therapies (such as cell therapy drug or cell therapy device) 
where different regulatory pathways are required for each element.

15.5.2  The Establishment of an International Task Force that 
Identifies the Central Challenges to Multi-Country 
Stem Cell Trials

This task force could consist of researchers and sponsors with experience in the 
organization of multi-country trials. It should strive for the identification of the 
key challenges for the clinical translation of stem cell-based therapies in the 
context of international projects. Such a task force could aim, furthermore, for 
the development of solution strategies through which international stem cell tri-
als can be conducted in a more time- and cost-efficient way. These measures 
could include information packages for sponsors and clinical investigators, as 
well as tools for staff training, project management, and data collection. Such a 
task force could be initiated by the ISSCR, the International Stem Cell Forum 
(ISCF), or another international society such as the International Society of 
Cellular Therapies (ISCT).
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15.5.3  The Creation of an Interactive Online Education 
and Discussion Platform

The establishment of an interactive education and discussion platform would allow 
for the sharing of critical information and experiences of clinical trial sponsors and 
investigators. Scientists or sponsors who plan to conduct international stem cell tri-
als can learn in this way from the experiences of other researchers and make 
practice- based assessments of the tasks, costs, timeframes, and challenges that may 
lie ahead of them. Such knowledge could also help to make well-informed budget-
ary estimations and to gain access to other useful information such as information 
about insurance schemes, the implementation of project-internal monitoring sys-
tems, and ethics committee approval (Ravinetto et al. 2013).

15.5.4  Raise Awareness of the Challenges of Multi-Country 
Stem Cell Trials Among Public, Private, and Charitable 
Funding Bodies

To facilitate international collaborations in the stem cell field, it will be important to 
create an awareness of the challenges of multi-country stem cell trials among pub-
lic, private, and charitable funding bodies. To develop an understanding of these 
problems will be crucial to prevent unrealistic expectations and to obtain additional 
money that is required to tackle the challenges associated with international stem 
cell trials. A first step into this direction has been made by researchers at the 
University of Alberta in Canada, together with colleagues from McGill University, 
the University of British Columbia, and the London Regenerative Medicine Network 
(Bubela et al. 2012). This group has founded the interactive online forum “Enabling 
Advanced Cell Technologies (EnACT)” [http://enactforum.org] that offers an inter-
active, moderated discussion platform that aims to develop “solutions to key non- 
science barriers” to the clinical translation of cell and stem cell-based treatment 
pathways (Bubela et  al. 2012). The EnACT website features 12 thematic areas 
where barriers to translational stem cell research emerge.

However, the challenges for the organization of multi-country clinical trial col-
laborations are not discussed on the forum. Moreover, online forums may not be the 
best way to identify and/or raise awareness of the challenges of international stem 
cell trials. The organization of a series of workshops and publications that could be 
organized by the ISSCR, the ISCF, the ISCT, or another professional organization 
promises to be a more efficient method. Ideally, such workshops would involve 
representatives from public as well as charitable funding bodies, the industry, and 
drug regulatory agencies from multiple countries.
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15.5.5  Promote Forms of Regulatory Harmonization 
and Lobby for Better Communication Between Drug 
Regulatory Authorities

A final field of activity would be the promotion of forms or regulatory harmoniza-
tion or, at least, to lobby for better communication between drug regulatory authori-
ties, so that some of the challenges regarding multi-country stem cell trials can be 
prevented or reduced. Harmonization, as recently pointed out in a position paper of 
the US FDA’s Office of Cellular, Tissue and Gene Therapies, does not necessarily 
imply the production of internationally shared consensus guidelines (as in case of 
the ICH-GCP standards). Harmonization can refer too to the partial convergence of 
regulatory perspectives—but based on the independent development of national 
regulations and guidelines (Arcidiacono et al. 2012). In light of the current level of 
regulatory divergence in the clinical stem cell field, it is questionable whether such 
a convergence perspective could really be achieved. Be this as it may, considering 
the existing challenges for the performance of international stem cell trials, the 
move toward a more coherent and predictable international regulatory landscape 
would clearly be advantageous.

15.6  Discussion

There is little doubt that the introduction of such an international support structure 
for multi-country stem cell trials would be of great value; its feasibility must be 
viewed from the perspective of possible sponsors. Considering the high costs of 
clinical translation, it is to be expected that the greater part of phase III trials will 
involve commercial sponsors. A newly devised support structure, therefore, must be 
of use to both academic investigators and corporate sponsors. Ideally, representa-
tives of both groups will be involved in the design of these measures. It is not 
unlikely though that commercial sponsors may prefer to undertake their own work 
into the regulatory barriers of international stem cell trials, for instance, by external 
regulatory affair consultants that help companies to navigate and identify existing 
challenges. For fear of competition, these corporations may not be willing or able to 
share this information through online forums, publications, or other means. At pres-
ent, however, the majority of clinical trials in the stem cell field are either investigator- 
initiated or trials that are organized by small-to-midsize biotech companies, often 
start-ups that operate under high risks. The financial means of both of these groups 
are usually limited. Moreover the time and organizational capacities—especially of 
academic investigators—are highly restricted. For these groups a support structure 
in which many of the question and practical challenges that emerge in the context of 
multi-country stem cell trials are discussed and anticipated will allow to save costs 
and time and facilitate realistic assessments and planning. A problem is, of course, 
that such initiatives are likely to be expensive. The organization of such a support 
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structure should best lie in the hands of an international professional society such as 
the International Society for Stem Cell Research or the International Society of 
Cellular Therapies, which are large-scale organizations that represent large numbers 
of re- searchers in many countries and that also cater the interests of the industry. 
Alternatively, the International Stem Cell Forum—which brings together some of 
the main public funding bodies for stem cell research around the world—would be 
a suitable umbrella organization for such an initiative. These organizations are 
firmly grounded into the international scientific community and have a high level of 
credibility. Most importantly, they are most likely to reach a large number of inter-
ested stakeholders, and it also is in the interest of these institutions to provide up-to-
date information, to stimulate participation, and to disseminate findings from such 
an initiative. These large international organizations are also in the best position to 
attract the funding for such a transnational support structure and to provide an appo-
site organizational platform. Considering the high expenses and financial risks of 
multi-country stem cell trials and the potential for regulatory mis-assessments and 
long-drawn-out delays, the money for such an international support structure seems 
well invested.

15.7  Conclusion

With a rising number of stem cell therapies entering the clinical development phase, 
the performance of international stem cell trials is becoming of increasing impor-
tance. This chapter has shown, however, that the high level of regulatory diversity in 
the stem cell field provides important obstacles to the organization of multi-country 
stem cell clinical trials. Emerging and unclear regulations in some countries, and the 
absence of internationally harmonized regulatory frameworks, confront investiga-
tors with unexpected costs, time delays, or even the need to relocate a trial to another 
country or region. The high level of regulatory heterogeneity in the stem cell field 
gives rise to a high level of administrative complexity and requires far-reaching 
forms of scientific self-governance, training, and the creation of effective coordina-
tion and monitoring structures. These forms of self-governance and capacity build-
ing constitute a fundamental precondition to successfully navigate through a diverse 
and internationally non-harmonized regulatory environment. It is important to note, 
in this respect, that the implementation of standardized clinical research protocol is 
more difficult to achieve in the field of regenerative stem cell medicine, than in 
other—more established—areas of medicine research. The key reason for this—
aside from the issue of regulatory heterogeneity—is the lack of well-established 
international clinical research platforms. In oncology research, for instance, long- 
standing international clinical research infrastructures have evolved over the course 
of several decades. These transnational platforms have developed their own central-
ized institutions that are responsible for the coordination of all successive steps of 
the clinical translation process, including controls of processes of data collection, 
recording, and analysis. In the stem cell field, however, such infrastructures are only 
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gradually emerging. While international projects such as the China SCI Net show 
that multi-country clinical research platforms are evolving, this article has illus-
trated that these processes are complicated by the absence of internationally harmo-
nized regulatory frameworks. The existence of strongly diverging regulatory, 
institutional, and clinical research cultures across countries and regions makes the 
performance of standardized multi-country trials to a challenging and risky organi-
zational enterprise.
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