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    Abstract  

  Stem cells are highly promising resources for application in cell therapy, 
regenerative medicine, drug discovery, toxicology and developmental biol-
ogy research. Stem cell banks have been increasingly established all over 
the world in order to preserve their cellular characteristics, prevent con-
tamination and deterioration, and facilitate their effective use in basic and 
translational research, as well as current and future clinical application. 
Standardization and quality control during banking procedures are essen-
tial to allow researchers from different labs to compare their results and to 
develop safe and effective new therapies. Furthermore, many stem cells 
come from once-in-a-life time tissues. Cord blood for example, thrown 
away in the past, can be used to treat many diseases such as blood cancers 
nowadays. Meanwhile, these cells stored and often banked for long periods 
can be immediately available for treatment when needed and early treat-
ment can minimize disease progression. This paper provides an overview 
of the fundamental principles of stem cell banking, including: (i) a general 
introduction of the construction and architecture commonly used for stem 
cell banks; (ii) a detailed section on current quality management practices; 
(iii) a summary of questions we should consider for long-term storage, such 
as how long stem cells can be stored stably, how to prevent contamination 
during long term storage, etc.; (iv) the prospects for stem cell banking.  
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  Abbreviations 

   AMI    Acute myocardial infarction   
  CFC    Colony-forming cells   
  CGMP    Current good manufacturing practice   
  CJD    Creutzfeldt-Jakob disease   
  CMV    Cytomegalovirus   
  DNA    Deoxyribonucleic acid   
  EBV    Epstein-Barr virus   
  EMA    European Medicines Agency   
  ESCs    Embryonic stem cells   
  FDA    Food and Drug Administration   
  GMP    Good manufacturing practice   
  GvHD    Graft versus host disease   
  HBV    Hepatitis B virus   
  HCV    Hepatitis C virus   
  HIV    Human immunodefi ciency virus   
  HSCs    Hematopoietic stem cells   
  HTLV    Human T-cell leukemia virus   
  ICH    International conference on 

harmonization   
  iPSCs    Induced pluripotent stem cells   
  LAL    Limulus amebocyte lysate test method   
  MCB    Master cell bank   
  MSCs    Mesenchymal stem cells   
  NRA    National regulatory authority   
  PCR    Polymerase chain reaction   
  QA    Quality assurance   
  QC    Quality control   
  SNP    Single nucleotide polymorphism   
  SPCs    Spermatogonial stem cells   
  STR    Short tandem repeat   
  UCB    Umbilical cord blood   
  WCB    Working cell bank   
  WHO    World Health Organization   

3.1         Introduction 

 Stem cells are a class of cells that have the capa-
bility to indefi nitely self-renew and differentiate 
to special functional cell types under the right 
conditions or given the right signals [ 1 ]. 
According to their potency, i.e. the range of cell 
types to which they can differentiate, stem cells 
commonly can be classifi ed into totipotent stem 
cells,  pluripotent   stem  cells  , multipotent stem 
cells and unipotent stem cells, such as zygote, 
embryonic stem  cells   (ESCs) and induced plu-
ripotent stem cells (iPSCs), hematopoietic stem 
cells (HSCs) and mesenchymal stem  cells   
(MSCs), and spermatogonial stem cells (SPCs) 
respectively. Stem cells with properties of self- 
renewal and potency to generate different cell 
types are proving to be very promising resources 
for  application   in  cell therapy  ,  regenerative medi-
cine  , drug discovery, toxicology and develop-
mental biology research [ 2 – 6 ]. They hold great 
potential to revolutionize healthcare and to sup-
ply new methods and tools for effective treatment 
of many diseases [ 7 – 10 ]. In the process, stem cell 
banks play a pivotal role in stem cell basic and 
translational research, as well as current and 
future  clinical applications  . 

 Banking stem cell is an extension of  biobank-
ing  . The concept of biobanking has varied in his-
tory and there is no consensus [ 11 ]. The practice 
of “biobanking” has been broadly construed to 
involve storing health and genetic information 
and/or various types of biological materials in 
banks, repositories, or collections [ 12 ]. The prac-
tice of banking somatic cells, as well as primary 
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cell lines and immortalized cancer lines, has been 
a vital research resource for many years [ 12 ,  20 ]. 
In 1988, the fi rst successful related umbilical 
cord blood (UCB) transplant was conducted in 
Paris, France on a 6-year-old male patient suffer-
ing from a blood disorder called Fanconi’s 
Anemia [ 3 ]. In 1998,  hESC   isolation and  culture 
methods   were developed by James Thomson and 
his research group [ 5 ]. In recent years, many 
kinds of  MSCs   derived from a large number of 
different tissues show promising therapy poten-
tial [ 13 – 16 ]. In 2007, human iPSCs derived from 
human somatic cells were shown to have similar 
properties to hESCs and hold signifi cant poten-
tial in disease modeling, drug discovery and 
selection [ 4 ,  6 ]. All these important events in the 
fi eld of stem cells have sparked considerable 
public interest in stem cells banking. 

 Stem cell banks have been established in many 
countries in order to preserve stem cells and 
facilitate their research and clinical  application   
[ 17 ,  18 ]. Many benefi ts accrue from stem cell 
banking, but  standardization   and quality control 
during banking procedures are essential to allow 
researchers from different labs to compare their 
results and to develop safe and effective new 
therapies. Furthermore, many stem cells come 
from once-in-a-life time tissues, UCB for exam-
ple, thrown away in the past, can be used to treat 
many diseases such as blood cancers nowadays. 
Over the last several decades, the fi eld of UCB 
banking and  transplantation   has grown exponen-
tially. Over 600,000 UCB units have been stored 
for transplantation worldwide, and more than 
30,000 UCB transplantations have been per-
formed [ 19 ]. Meanwhile, these stem cells  stored   
in banks are immediately available for treatment 
when needed and early treatment can minimize 
disease progression [ 20 ]. 

 Before establishment of a stem cell bank, 
there are many factors that need to be taken into 
consideration including new technological devel-
opments and a deeper understanding of stem 
cells. For example,  pluripotent   stem  cell   culture 
has clearly improved in the past decade, from 
dependence on feeder cells to culture on syn-
thetic matrices [ 21 ]. Thus, stem cell banks may 
need to change their SOPs and adopt new ones to 

increase productivity and stability etc. Although 
different stem banks may store different typed of 
stem cells, the major issues are common, such as 
the design of the bank, how to guarantee storage 
cell quality, and how do maintain and manage the 
bank over the long term? These are the main 
questions that will be addressed in this article, as 
well as the prospects for stem cell banking.  

3.2     Construction and Design 

3.2.1     Functional Areas 
and Equipment 

 Stem cell banking is a procedure wherein the 
cells isolated from various sources are collected, 
proliferated, stored and preserved for their future 
use [ 7 ]. Establishing a well-functioning  biobank   
for stem cells provides the foundation for suc-
cessful storage, quality control and assessment, 
and  long-term maintenance   and  management  . 

 The basic issues pertaining to the design and 
equipping of a stem cell biobank are very similar 
to those of a regular stem cell laboratory [ 22 ], but 
more functional areas and equipment should be 
considered and coordinated, as well as more rig-
orous manufacturing practices. The key consider-
ations when setting up the bank include (1) 
defi ning the scope of the work, which includes 
the numbers and types of cell lines to be banked, 
and (2) determining the number of people who 
will work in the bank and their specifi c tasks. If 
more than one cell type will be  stored   in the same 
bank, what safeguards will be put into place to 
prevent cross-contamination? Do different cell 
types need separated areas to quarantine these 
cell types [ 22 ]? Furthermore, the processing of 
stem cells, including isolation, culture and col-
lection, requires a physical environment in which 
air quality (i.e., the number of airborne particles) 
is controlled to minimize risk of contamination. 
The processing facility should be constructed and 
operated to minimize the introduction, genera-
tion and retention of particles and microorgan-
isms. A formal program of environmental 
monitoring should be maintained in each stem 
cell bank to specify and assess key factors and 
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their infl uence on the microbiological quality of 
the process and product. This program should 
assure the manipulation of cells involved in the 
derivation of stem cell lines and their culture 
under established limits for airborne particles and 
for microbial contamination of the air and sur-
faces, especially for stem cell lines that will be 
applied to human therapy [ 23 ]. 

 When designing and building a well- 
functioning stem cell bank, the design team usu-
ally includes architects, contractors, builders, 
tradespeople and a laboratory director or man-
ager. One needs to consider budget, space, the 
biosafety level of the laboratory, major equip-
ment, number of people, major functional areas, 
freezer rooms, storage areas in and adjacent to 
the laboratory, and databases for information 
storage and extraction etc. To avoid cross- 
contamination of different functional areas, car-
rying out cell isolation, culture and quality 
control in different laboratories is recommended. 
Figure  3.1  outlines the major functional areas 
commonly needed in a stem cell bank. The major 
function of the preparation areas focuses on cell 
isolation and expansion, while the function of the 
quality assessment area is to test the cell charac-

teristics and insure the cells generated meet the 
requirement of  good manufacturing practice 
(GMP)   or good laboratory practice (GLP) or sim-
ilar quality requirements according to the local 
government.

3.2.2        File  Management      

 Figure  3.2  shows the workfl ow for stem cell 
banking under good manufacturing practice con-
ditions, which can be partitioned into three com-
ponents: manufacturing, quality control and fi le 
management. Following cell isolation, expan-
sion, characterization, storage, and quality con-
trol and assessment, many record fi les will be 
formed and archived, including data fi les, 
informed consent, personal information from 
donors, SOPs for practice etc. All should be well 
managed to insure  standardization  , effi ciency 
and privacy protection, and should guarantee cell 
quality. Ideally fi le management of stem cell 
banks should conform  good manufacturing prac-
tice (GMP)   or good laboratory practice (GLP) or 
similar quality requirements mandated by local 
government.

  Fig. 3.1    Major 
functional area in a stem 
cell bank       

 

C. Sun et al.



35

3.2.3        Master Cell Banks 
and Working Cell Banks 

 When a cell line is to be used over many manu-
facturing cycles and may be distributed to others, 
a two-tiered cell banking system consisting of a 
master cell bank (MCB) and a working cell bank 
(WCB) is recommended [ 24 ]. Upon arrival at a 
banking facility, tissue and newly acquired cells 
lines should be quarantined until shown to be 
clear of contamination (such as mycoplasma, 
HIV etc.), and then clean tissues and cells can be 
used to create the MCB [ 12 ]. This MCB must be 
characterized and extensively tested for contami-
nants such as bacteria, fungi, and mycoplasma 
after isolation and expansion before  freezing  . 
Most cell lines also require sterility and PCR test-
ing for viruses. The analysis process starts with 
the isolation of a suffi cient number of clones to 
adequately sample the population of cells in the 
culture. The characterization of single clone iso-

lates insures that there are no signifi cant numbers 
of cells with missing or mutated genetic elements 
present in the cell bank. 

 A WCB can be prepared from live cultures or 
a single frozen vial from the MCB. Cells are 
grown for several passages, allowing for minimal 
necessary characterization and scale-up prior to 
aliquoting into vials and freezing. Cells from the 
WCB are normally used for distribution to 
researchers. Thus, creation of a two-tiered frozen 
cell bank enables a supply of reliable quality- 
controlled cells at the same passage over a long 
period of time, which is the principal requirement 
for biomedical research and product develop-
ment [ 12 ,  24 ]. Furthermore, WCBs are best 
maintained at low passage to avoid phenotypic 
and genetic variation. In order to minimize the 
risk of complete loss of a cell line due to, for 
example, contamination or equipment or facility 
failure, it is critical that frozen stocks are also 
stored at a second site [ 25 ].   

  Fig. 3.2    Workfl ow for stem cells banking under  GMP   conditions       
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3.3      Quality Management      

 The application of stem cells in  cell therapy   has 
obviously increased in the past few years. The 
risk posed by the administration of a cell-based 
medicinal product is highly dependent on the ori-
gin of the cells, the manufacturing process and 
quality control program. In order to facilitate the 
effective use and prevent contamination and 
 deterioration of stem cells in  clinical applica-
tions  , stem cell banks should establish rigorous 
quality assurance (QA) and quality control (QC) 
processes, which cover the entire procedure of 
ex vivo expansion, and apply quality control tests 
for identity, sterility, viability, and other impor-
tant characteristics such as potency, genetic sta-
bility, etc. 

 This section aims to provide a thorough under-
standing of the characteristics of stem cell banks 
and the development of standardized methods 
and common strategies to meet current good 
manufacturing practice (cGMP)    compliant con-
ditions, including tissue sourcing, manufactur-
ing, testing, and storage. 

3.3.1     Current Good Manufacturing 
Practices 

 The goal of banking stem cells is to preserve their 
characteristics, prevent contamination and dete-
rioration, and facilitate their effective use in 
research and  clinical applications  . National and 
international regulatory authorities such as the 
World Health Organization (WHO), European 
Medicines Agency (EMA) and  Food and Drug 
Administration (FDA)   recommend that the gen-
eral principles of  GMP   should be applied from 
the fi rst stage of cell banking onwards [ 26 – 28 ]. 
Many important guidelines on good cell culture 
practice [ 29 ] and cell banking [ 30 ,  31 ] have been 
developed. Briefl y, the fundamental regulatory 
principles of stem cell banking include the cre-
ation of quality controls for master cell bank and 
working cell banks, supported by traceability of 
procured cell lines and thorough documentation 
of the whole stem cell banking process. Ideally 
banks should operate minimally in “the spirit” of 

GMP that complies with national and interna-
tional quality systems standards [ 32 ,  33 ].  

3.3.2     Principles of Good Cell Culture 
Practice 

 In all aspects of sourcing, banking and preparing 
cell cultures, the principles of good cell culture 
practice should be observed [ 29 ,  30 ]. Fundamental 
features to be considered in the development of 
stem cell bank are: (a) authenticity, including 
identity, provenance and genotypic/phenotypic 
characteristics; (b) absence of contamination 
with another cell line; (c) absence of microbio-
logical contamination; (d) stability and func-
tional integrity over extended in vitro passage 
[ 28 ]. 

 In order to avoid catastrophic failure of the 
stem cell bank, minimizing the opportunities for 
contamination of cell cultures is very important. 
Taking into consideration the specifi cs of the 
manufacturing process, the steps of cell manipu-
lation and open processing should be minimized. 
It is critical to employ a rigorous aseptic tech-
nique and appropriate environmental controls for 
cell culture processing and the preparation of 
growth media [ 28 ]. Meanwhile, the variation of 
physical culture parameters such as pH, tempera-
ture, humidity, gas composition also can signifi -
cantly affect the viability of cells and should be 
specifi ed within established standard operating 
procedures. In summary, a consistent process 
should be demonstrated. 

 Although antibiotic and antifungal agents may 
be required for primary cell cultures, the using of 
antibiotics in a stem cell bank is discouraged. 
When antibiotics have been used, the potential 
inhibitory effects of the antibiotics on contami-
nating organisms should be considered in 
sterility-testing.  

3.3.3     Selection of Donors, Materials 
and Reagents 

 All materials should be subjected to risk assess-
ment and testing when necessary because raw 
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materials can be a primary source for the intro-
duction of adventitious agents into the stem cell 
bank [ 28 ]. Careful attention should be paid to 
sourcing, production, handling, testing and qual-
ity control. According to international guidelines 
[ 28 ,  34 ,  35 ], the sections below detail the infor-
mation on manufacturing components and mate-
rials that should be considered:

•     Donor screening and testing : Donor screen-
ing and testing is performed to determine donor 
eligibility. Details of the requirements for 
screening and testing donors of  human cells   
and tissues are described in  FDA   and EMA 
documents [ 26 ,  28 ,  34 ,  35 ]. Briefl y, the donors 
of stem cells must be screened and tested for 
HIV-1, HIV-2, hepatitis B virus (HBV), hepati-
tis C virus (HCV), Treponema pallidum (syphi-
lis), and CJD. Donors of viable leukocyte-rich 
cells or tissues should be screened and tested 
for human T-lymphotropic virus types 1 and 2 
(HTLV-1, HTLV-2) and CMV.  

•    Quality control of reagents : Reagents which 
are used for cellular growth, differentiation, 
selection, purifi cation, or other critical manu-
facturing process can affect the safety, potency, 
and purity of the stem cells, especially by 
introducing adventitious agents such as bacte-
ria, fungi, mycoplasmas and viruses [ 26 ,  28 ]. 
For example, trypsin and bovine serum have 
been known to contain mycoplasma species 
and sometimes more than one viral contami-
nant. The common reagents include fetal 
bovine serum, trypsin, digestion enzymes, 
growth factors, cytokines, monoclonal anti-
bodies, antibiotics, cell separation devices, 
media components and so on. Documentation 
should be gathered on their manufacturing 
history, production, quality control in order to 
ensure the reagents’ quality and safety [ 26 –
 28 ]. The reagents should be subjected to strict 
tests for quality and freedom from contamina-
tion by adventitious agents to assure their 
acceptability for use in cell culture. 
Meanwhile, the reduction and elimination 
from the manufacturing process of reagents 
and materials derived from humans and ani-
mals is encouraged, where feasible.      

3.4     Quality Control Testing 
of the Stem Cell Bank 

 The recommendations for characterization test-
ing for cells in the stem cell bank include, but are 
not limited to, identity, purity, viability, microbi-
ological testing (including sterility, mycoplasma, 
and adventitious viral agent testing), tumorige-
nicity, stability (including stability during cryos-
torage and genetic stability), potency etc. 

3.4.1     Identity 

 Cell line misidentifi cation, contamination and 
poor annotation affect scientifi c reproducibility 
[ 36 – 38 ]. Cell banks should be authenticated by a 
cell identifi cation method approved by the NRA 
in order to confi rm that no switching or cross- 
contamination has occurred [ 28 ]. We recommend 
that the identity of the cells in the MCB and WCB 
should be characterized by phenotypic and/or 
genotypic profi les including cell morphology, 
genetic tests (STR, SNP), specifi c surface mark-
ers and gene expression products. 

 For adherent cells, morphology may be a use-
ful method in conjunction with other tests. For 
human stem cells, genetic tests such as short tan-
dem repeat (STR) analysis are most commonly 
used to confi rm cell line identity [ 39 – 42 ], and 
single nucleotide polymorphism (SNP) genotyp-
ing is also used for identifi cation of cells as well 
as for monitoring their genomic stability. We also 
recommend additional identifi cation based on 
cell surface markers or genetic polymorphisms to 
distinguish between the multiple cell lines. 

 In summary, the combined use of variety 
methods for cell identifi cation depending on the 
different cell types and tissues can achieve more 
rigorous identifi cation.  

3.4.2     Purity 

 The cellular population of interest usual contains 
other cells, which belong to different lineages or 
differentiation stages that may be unrelated to the 
intended population. The unwanted cells should 
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be defi ned and their amount in the fi nal cell bank 
should be controlled by appropriate specifi ca-
tions, Acceptance criteria for the amounts of con-
taminating cells should be set. Cell surface 
markers, genetic polymorphisms and specifi c 
biological activities are recommended methods 
to test the cell purity [ 43 ].  

3.4.3     Viability 

 A high level of viability of cell lines derived from 
stem cell banks is important for effi cient and reli-
able cell-based products [ 28 ]. Documents of the 
China  FDA   recommend that different testing 
methods (such as cell counting, cell doubling 
time, cell cycle, cloning effi ciency, telomerase 
activity) can be used to determine  cell viability   
and growth status [ 43 ]. The recommendations of 
WHO state that thawed cells should typically 
have viability levels in excess of 80 %, though 
this is not always achieved and may depend on 
the cell line [ 28 ]. Lower viabilities may still 
result in suitable growth recovery and in accept-
able product qualities. Meanwhile, for somatic 
cellular therapies, the minimum acceptable via-
bility specifi cation recommended by the FDA is 
generally set at 70 % [ 27 ]. 

  Cell viability   can be easily assessed in culture 
by employing widely applied assays. However, in 
some cases, such as pre-apoptotic cells excluding 
trypan blue, viability assays may give misleading 
results. So we suggest that when a membrane- 
integrity test is used for cell viability, additional 
cell markers such as indicators of  apoptosis   
should be studied in order to avoid signifi cant 
overestimation of viability.  

3.4.4     Microbiological Testing 

3.4.4.1     Sterility Tests 
 It is important in risk evaluation for the manufac-
turer to bear in mind that standard compendial 
tests for “sterility” are intended to give an indica-
tion of the effectiveness of aseptic processing in 
preventing general bacterial or fungal contamina-
tion. For suitable sterility tests one should refer to 

certifi ed documentation and Pharmacopoeias. If 
antibiotics were used in manufacturing, docu-
mentation should be provided indicating that the 
antibiotics were removed prior to sterility 
testing.  

3.4.4.2     Mycoplasma 
 Animal serum products used in culture and the 
culture facility environment are the two main 
sources of mycoplasma contamination. Testing 
for mycoplasma contamination should be con-
ducted on both cells and supernatant. Due to the 
limited dating period of many cellular products, 
it is frequently not feasible for a sponsor to per-
form the recommended culture-based assay. The 
EMA and  FDA   recommend the use of poly-
merase chain reaction (PCR)-based mycoplasma 
assays or another rapid detection assay during 
cell manufacturing [ 26 ,  44 ].  

3.4.4.3     Pyrogenicity/Endotoxins 
 The rabbit pyrogen test is the currently required 
method for testing biological products for pyro-
genic substances. Although the pyrogenicity test 
is required, there may be specifi c cases where 
this test method cannot be performed due to 
properties of the cellular product. Another test 
such as the Limulus Amebocyte Lysate test 
(LAL) may be used as an alternative method 
[ 27 ]. For any parenteral drug, the  FDA   recom-
mends that the upper limit of acceptance criterion 
for endotoxin be 5 EU/kg body weight/hour. For 
intrathecally-administered drugs, an upper limit 
of acceptance criterion is 0.2 EU/kg body weight/
hour [ 27 ].  

3.4.4.4     Adventitious Agent Testing 
 As appropriate, adventitious agent testing should 
include in vitro viral testing, in vivo viral testing 
and selected species-specifi c testing for adventi-
tious viruses. 

 In vitro viral testing should be conducted by 
inoculating the test sample (MCB) onto various 
susceptible indicator cell lines such as the human 
 cell   line MRC-5 or Vero cells. We recommend 
that in vivo viral assays be carried out by inocu-
lating the test sample (MCB) into animals such as 
adult and suckling mice and embryonated hen 
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eggs. Finally, assays for the presence of species- 
specifi c viruses also should be performed espe-
cially when the cell lines are used as a therapeutic 
product. We recommend that testing for human 
pathogens (CMV, HIV-1 & 2, HTLV-1 & 2, EBV, 
HBV, HCV, B19), and other human viral agents, 
for which PCR-based assays are available, should 
be performed [ 44 ,  45 ].   

3.4.5     Tumorigenicity 

 Testing for tumorigenicity of cells derived from 
cell culture and banked will be required with a 
test approved by the NRA. Several in vitro sys-
tems, such as cell growth in soft agar [ 46 ] and 
muscle organ culture [ 47 ], have been explored as 
alternatives to in vivo tests for tumorigenicity. 
The test should involve a comparison between 
the cell line and a suitable positive reference 
preparation (e.g. HeLa cells) and a standardized 
procedure for evaluating results. 

 Other assays can also be considered, such as 
proliferative capacity, dependence on exogenous 
stimuli, response to  apoptosis   stimuli and 
genomic modifi cation, in order to evaluate the 
risk of cellular transformation and subsequent 
potential for tumorigenicity.  

3.4.6     Stability 

 The stability of cell banks during cryostorage, 
and the genetic stability of cell lines are key ele-
ments in a successful cell bank programme. 

3.4.6.1     Stability During Cryostorage 
 Data should be generated to support the stability or 
suitability of the cryopreserved cell banks during 
storage. Continuous monitoring records and suc-
cessful periodic production runs could be useful 
strategies to monitor the stability of the cell bank.  

3.4.6.2     Genetic Stability 
 Cell genome stability is the key quality and safety 
indicator of stem cell banks. Genomic instability 

refers to an increased tendency to generate altera-
tions in the genome during the life cycle of cells. 
It is main driving force for tumorigenesis [ 40 ]. 
The WHO has pointed out that any features of the 
cell lines that might affect quality should be dis-
cussed with the NRA to ensure that tests used by 
the manufacturer to monitor genetic stability are 
adequate [ 28 ]. 

 However, there is no standard method to eval-
uate the genetic stability of cell lines in MCB and 
WCB at present. The common methods such as 
doubling time of cell lines and karyotyping 
already cannot meet the comprehensive assess-
ment of genomic stability. Here we recommend 
high-throughput sequencing which has better 
resolution and accuracy to assess genetic stabil-
ity. Other approaches include examining telomer-
ase activity, chromosomal integrity, expression of 
proto oncogenes, etc.   

3.4.7     Potency 

 According to ICH guideline 6QB, potency is the 
quantitative measure of biological activity [ 48 ], 
but in addition, qualitative biological assay may 
be included. 

 Basically, potency assays can be performed 
in vitro using cell systems and in vivo using ani-
mal models [ 48 ,  49 ]. As stem cells have a ten-
dency to spontaneously differentiate in culture, 
the stem cell bank should ensure that pluripo-
tency is not lost during in vitro expansion and 
 cryopreservation  . As the function of cells such as 
viability, self-renewal, differentiation and  apop-
tosis   are critical to their quality, potency assays 
may need to be evaluated during manufacturing 
using appropriate markers and technology, such 
as gene expression profi les, fl ow cytometry, cell 
cloning, PCR, etc. [ 50 ]. In vivo assays for potency 
may also be useful especially using available ani-
mal models. As described in the referred guide-
line, the combination of multiple methods may 
be better to adequately evaluate the potency of 
the cells in the stem cell bank.   
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3.5     Long -Term  Maintenance   
and  Management   

 Stem cells have been applied in research and 
clinical use for many years, and appropriate cryo-
preservation protocols for long-term storage is 
essential [ 51 ].  Standardization   of processes and 
the implementation of quality control pro-
grammes should be established during the bank-
ing process in order to prevent contamination and 
deterioration and maintain post-thaw quality, plu-
ripotency and genetic stability of recovered cells 
[ 17 ,  24 ]. Moreover, viability tests, functional 
assays, stability measurements, authentication 
and documentation have to be carried out [ 52 , 
 53 ]. 

3.5.1     Quality Control During Stem 
Cell Cryopreservation Process 

3.5.1.1     Storage Temperature 
 Storage temperature is a key factor for long-term 
 storage   of stem cells in a stable state. Lower tem-
peratures can reduce metabolism of cells and 
effi ciently reduce the rate of degradation [ 53 ]. In 
general, the lower the storage temperature, the 
more stable the cells remain and the longer they 
can be preserved [ 54 ,  55 ]. The traditional method 
for long-term cryopreservation of stem cell is 
storage in liquid nitrogen, which can reach a ter-
minal temperature of −196 °C [ 52 ]. 

 Quality control methods should be applied to 
keep a stable temperature environment in long- 
term storage vessels as stored  cells   may be sub-
jected to temperature changes during the 
maintenance of storage vessels. For example, 
storage vessels are opened frequently to gain 
access to stored vials, intermittent warming may 
occur to cryovials. Furthermore, some storage 
racking material can act as good heat conductors 
and may promote warming cycles and tempera-
ture gradients within the storage vessel. Finally, 
there may be failures in the liquid nitrogen fi lling 
process [ 25 ]. A number of straightforward proce-
dures can be taken to keep a stable temperature 

environment in stem  cell storage   vessels during 
the long-term storage process: (1) choose a suit-
able terminal temperature for the long-term stor-
age of stem cells; (2) use appropriate facilities to 
cryopreserve samples and manual or automatic 
continuous temperature monitoring to detect and 
provide useful monitoring data of temperatures; 
(3) set up an automatic liquid nitrogen fi lling sys-
tem; (4) keep vessel vacuum checks, electrical 
testing, and other maintenance procedures regu-
larly and periodically audited [ 25 ,  53 ].  

3.5.1.2     Contamination 
 It is crucial to prevent microbial/cross contami-
nation during the long-term storage of stem cells. 
The risk of stem cell products is mainly associ-
ated with contaminated liquid nitrogen during 
long-term storage [ 51 ] as microbial fl ora can eas-
ily accumulate within ice sludge debris [ 25 ]. 
Quality control methods should be taken to pre-
vent contamination of cell samples in these long- 
term storage vessels [ 56 ]. It has been shown that 
vapour phase storage can largely overcome sam-
ple contamination as it can prevent the liquid 
nitrogen permeating into cryovials thereby avoid-
ing contamination by contaminated liquid [ 57 ]. 
However, all long-term storage samples run the 
risk of cross contamination risk when they are 
stored in the same cryotank, rewarmed in the 
same water bath, and because of other potential 
environmental sources. 

 Quality control methods can be taken as fol-
lows to reduce the contamination of stem cells 
during long-term storage: (1) choose a vapour 
phase liquid nitrogen containment vessel; (2) set 
security caps when sample have to be submersed 
in liquid nitrogen; (3) employ internal threads 
and double bagging to store cell samples; (4) 
maintain the storage container closure integrity 
and within the product shelf life; (5) set up a 
quarantined storage area to control the spread of 
pathogens and infectious agents; (6) keep storage 
containers in a clean and controllable environ-
ment to reduce the contamination risk from the 
surrounding area; (7) make sure the source of liq-
uid nitrogen is clean [ 53 ].   
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3.5.2     Quality Validation 
for Recovered Stem Cell 

 Stem cells should have the ability to survive 
long-term storage and keep their functions after 
recovery. Post-thaw  cell viability   testing is vital 
to evaluate the effects of cryopreservation on 
stem cells. Quality assessment including viability 
tests, functional assays, stability measurements 
and authentication should be applied to analyze 
the post-thaw stem cells metabolic functions, 
genetic integrity and totipotency after recovery 
[ 25 ,  58 ]. 

 These quality control measures have been 
shown to be necessary in various studies. For 
example, the numbers of colony-forming cells 
(CFC) and CD34 cells, which can effectively pre-
dict  engraftment   kinetics and hematopoietic 
recovery, were measured to evaluate the function 
of 9.5-year cryopreserved hematopoietic stem 
cells [ 59 ], and the differentiation potential of 
long-term cryopreserved human adipose- derived   
stem cells was measured by using different induc-
tion medium to test totipotency after rewarming 
[ 60 ]. 

 Trypan Blue exclusion assay is used to deter-
mine the post-thaw  cell viability   of stem cells, 
and a light microscope is used to count total num-
ber of dead cells and live cells [ 60 ]. Stability 
assessment for stem cells includes: evaluation of 
totipotency by  cell differentiation   potential 
assays and morphological characteristics; studies 
of phenotypes; cytological and karyotype testing; 
confi rmation of functional biochemistry (metab-
olites/proteins, proteins/enzymes); omics analy-
ses; biomarker studies;, investigations of genome 
structure, DNA damage and repair, chromatin 
analysis, analysis of DNA adducts (methylation, 
oxidation) and confi rmation of genetic modifi ca-
tions [ 61 ]. Furthermore, since cells that have 
been held in long-term storage may have been 
cross-contaminated by other samples, authentica-
tion is particularly important and quality control 
needs to be performed to insure sample identity 
following the cells retrieval from storage [ 53 ].   

3.6     Prospects for Stem Cell 
Banking 

 Many countries have now established stem cell 
banks. Table  3.1  shows the major stem cell banks 
in the world. Stem cells  stored   in banks play an 
important role in promoting biological develop-
ment and providing medical science with a pow-
erful tool. Several types of conditions are 
currently being treated with stem cell-based ther-
apies, including autoimmune diseases, neurolog-
ical disorders, cancers, and infertility [ 62 ]. To 
date, several stem cell therapeutic products have 
been approved in different countries (Table  3.2 ). 
Especially worthy of mention is umbilical cord 
blood. Since the fi rst successful transplantation, 
the fi eld of UCB banking and transplantation has 
grown exponentially. Over 600,000 UCB units 
have been stored for transplantation worldwide, 
and more than 30,000 UCB transplantations have 
been performed [ 19 ].

    Treatments in regular clinical use are limited 
to adult stem cells. Many stem cell  therapies      are 
based on the regenerative capacities of stem cells 
to produce a variety of tissues, either in the 
patient’s body or in vitro [ 62 ]. And other thera-
pies depend on the transplanted stem cells to pro-
vide signals that regulate the activities of nearby 
cells [ 63 ]. Although unanticipated  challenges   in 
safety or effi cacy still exist, we can optimistically 
believe that products and medicine based on stem 
cells will be widely used in the future.  

3.7     Summary 

 Since signifi cant progress has been made in stem 
cell research and application over the last few 
decades, stem cell banks have become very 
important platforms to preserve their characteris-
tics, prevent contamination and deterioration and 
facilitate their effective use in baicl and transla-
tional research, as well as clinical  application   all 
over the world [ 17 ,  18 ]. A number of stem cell 
banks have been established in many countries 
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and regions, and the number will increase. There 
are many factors that need to be carefully consid-
ered before establishing a stem cell bank. New 
technology development and knowledge will 
undoubtedly lead to improvements in stem cell 
bank maintenance and  management  . For exam-
ple, at present most banks banking  MSCs   adhere 
to the minimal criteria proposed by the 
International Society for Cellular Therapy 
(ISCT), i.e. (1) MSCs must be plastic-adherent 
when maintained in standard culture conditions; 
(2) MSCs must express CD105, CD73 and CD90, 
and lack expression of CD45, CD34, CD14 or 
CD11b, CD79alpha or CD19 and HLA-DR sur-
face molecules. (3) MSCs must differentiate to 
osteoblasts, adipocytes and chondroblasts in vitro 
[ 64 ]. However, many investigations reported 
recently have shown that  MSCs   isolated utilizing 
these criteria are heterogeneous and different 
MSCs subtypes may have discordant functional 
properties, implying their applications need fur-
ther elaboration [ 65 ,  66 ], and as a result banking 
SOPs need corresponding modifi cation. Thus, 

the practice of stem cell banking is a dynamic 
process, which will advance with the times.     

  Acknowledgements   Preparation of this report was sup-
ported by National Natural Science Foundation of China 
(No. 31401259) and the Shenzhen Municipal Government 
of China (NO. JCYJ20140418203036946).  

   References 

    1.   National Institute of Health web site   http://stemcells.
nih.gov/info/scireport/pages/chapter1.aspx    . Accessed 
Feb 2016  

    2.    Baksh D, Song L, Tuan RS (2004) Adult mesenchy-
mal stem cells: characterization, differentiation, and 
application in cell and gene therapy. J Cell Mol Med 
8:301–316  

    3.    Gluckman E, Broxmeyer HA, Auerbach AD et al 
(1989) Hematopoietic reconstitution in a patient with 
Fanconi’s anemia by means of umbilical-cord blood 
from an HLA-identical sibling. N Engl J Med 
321:1174–1178  

    4.    Takahashi K, Tanabe K, Ohnuki M et al (2007) 
Induction of pluripotent stem cells from adult human 
fi broblasts by defi ned factors. Cell 131:861–872  

   Table 3.2    Example of stem cell therapeutic products approved in the world   

 Country  Year  Product/company  Source  Adaptation disease 

 Europe – EMA  2009  Chondro Celect/TiGenix  Autologous 
chondrocytes 

 Knee cartilage 
defects 

 USA –  Food and 
Drug Administration 
(FDA)   

 2009  Prochymal/Osiris  Allogeneic bone 
marrow 
mesenchymal stem 
cells 

 GvHD and Crohn 
disease 

 Australia-Therapeutic 
Goods Administration 
(TGA) 

 2010  Mesenchymal Preursor/
Mesoblast 

 Autologous 
mesenchymal 
progenitor cells 

 Bone repair 

 Korea – Food and 
Drug Administration 
(FDA) 

 2011  Hearticellgram-AMI/
FCB-Pharmicell 

 Autologous bone 
marrow 
mesenchymal stem 
cells 

 Acute myocardial 
infarction(AMI) 

 USA – FDA biologics 
license 

 2011  Hemacord/New York Blood 
Centre 

 Umbilical cord blood 
hematopoietic 
progenitor cells 

 Genetic acquired 
hematopoietic 
system disease 

 Korea – Food and 
Drug Administration 
(FDA) 

 2012  Cartistem/Medi-post  Mesenchymal stem 
 cells   from umbilical 
cord blood 

 Degenerative 
arthritis and knee 
joint cartilage injury 

 Korea – Food and 
Drug Administration 
(FDA) 

 2012  Cuepistem/Anterogen  Autologous fat 
source of 
mesenchymal stem 
cells 

 Complexity Crohn’s 
disease complicated 
by anal fi stula 

 Canada  2012  Prochymal/Osiris  Bone marrow stem 
cell 

 Children graft versus 
host disease(GvHD) 

3 Fundamental Principles of Stem Cell Banking

http://stemcells.nih.gov/info/scireport/pages/chapter1.aspx
http://stemcells.nih.gov/info/scireport/pages/chapter1.aspx


44

    5.    Thomson JA, Itskovitz-Eldor J, Shapiro SS et al 
(1998) Embryonic stem cell lines derived from human 
blastocysts. Science 282:1145–1147  

     6.    Yu J, Vodyanik MA, Smuga-Otto K et al (2007) 
Induced pluripotent stem cell lines derived from 
human somatic cells. Science 318:1917–1920  

     7.    Deshpande HA, Akkala S, Rasquinha S et al (2015) 
Stem cell banking: an update on current scenario. 
Indian J Res Pharm Biotechnol 3:392  

   8.    Khanna A, Shin S, Rao MS (2008) Stem cells for the 
treatment of neurological disorders. CNS Neurol 
Disord Drug Targets 7:98–109  

   9.    Le Blanc K, Frassoni F, Ball L et al (2008) 
Mesenchymal stem cells for treatment of steroid- 
resistant, severe, acute graft-versus-host disease: a 
phase II study. Lancet 371:1579–1586  

    10.    Resnick IB, Shapira MY, Slavin S (2005) 
Nonmyeloablative stem cell transplantation and cell 
therapy for malignant and non-malignant diseases. 
Transpl Immunol 14:207–219  

    11.   M.F.A O, D N, M.J.A S (2010) Biobanks information 
paper. J Law Inf Sci 20:97–227  

       12.   Efthymiou AG, Rao M, Lowenthal J (2014) Banking 
of pluripotent stem cells: issues and opportunities 
from the NIH perspective. In: Stem cell banking. 
Springer, New York, pp 77–93  

    13.    Caplan AI (1991) Mesenchymal stem cells. J Orthop 
Res 9:641–650  

   14.    Gimble J, Guilak F (2003) Adipose-derived adult 
stem cells: isolation, characterization, and differentia-
tion potential. Cytotherapy 5:362–369  

   15.    Romanov YA, Svintsitskaya VA, Smirnov VN (2003) 
Searching for alternative sources of postnatal human 
mesenchymal stem cells: candidate MSC-like cells 
from umbilical cord. Stem Cells 21:105–110  

    16.    Shi S, Gronthos S (2003) Perivascular niche of post-
natal mesenchymal stem cells in human bone marrow 
and dental pulp. J Bone Mineral Res 18:696–704  

      17.   Luong MX, Smith KP, Crook JM et al (2012) 
Biobanks for pluripotent stem cells. In: Loring JF, 
Peterson SE (eds) Human stem cell manual: a labora-
tory guide. Elsevier Inc, Amsterdam, pp. 105–125  

     18.   Mirabet V, Solves P (2013) Cryopreservation of 
hematopoietic stem cells from umbilical cord blood 
for transplantation. In: Stem cells and cancer stem 
cells, vol 9. Springer, dordrecht, pp 3–11  

     19.    Ballen KK, Gluckman E, Broxmeyer HE (2013) 
Umbilical cord blood transplantation: the fi rst 25 
years and beyond. Blood 122:491–498  

     20.   Stewart JA (2005) Cancer management: a multidisci-
plinary approach. Oncology:1272–1272  

    21.    Qian X, Villa-Diaz LG, Krebsbach PH (2013) 
Advances in culture and manipulation of human plu-
ripotent stem cells. J Dent Res 92:956–962  

     22.    Wesselschmidt RL, Schwartz PH (2011) The stem 
cell laboratory: design, equipment, and oversight. 
Methods Mol Biol 767:3–13  

    23.    Cobo F, Stacey GN, Cortes JL et al (2006) 
Environmental monitoring in stem cell banks. Appl 
Microbiol Biotechnol 70:651–662  

      24.    Kiatpongsan S, Wacharaprechanont T, Tannirandorn 
Y (2006) Embryonic stem cell bank. J Med Assoc 
Thai = Chotmaihet Thangphaet 89:1055–1063  

        25.    Stacey G (2004) Fundamental issues for cell-line 
banks in biotechnology and regulatory affairs. In: 
Fuller BJ, Lane N, Benson EE (eds) Life in the frozen 
state. CRC Press, Boca Raton, pp 437–452  

        26.   European Medicines Agency (Emea) (2008) 
Guideline on human cell-based medical products  

      27.   FDA (2008) Content and review of Chemistry, 
Manufacturing, and Control (CMC) Information for 
human somatic cell therapy Investigational New Drug 
Applications (INDs)  

               28.   WHO (2010) Recommendations for the evaluation of 
animal cell cultures as substrates for the manufacture 
of biological medicinal products and for the charac-
terization of cell banks  

     29.    Coecke S, Balls M, Bowe G et al (2005) Guidance on 
good cell culture practice. a report of the second 
ECVAM task force on good cell culture practice. 
Altern Lab Anim: ATLA 33:261–287  

     30.    International Stem Cell Banking I (2009) Consensus 
guidance for banking and supply of human embryonic 
stem cell lines for research purposes. Stem Cell Rev 
5:301–314  

    31.   OECD (2007) OECD best practice guidelines for bio-
logical resource centres. Website   http://www.oecd.
org/sti/biotech/oecdbestpracticeguidelinesforbiologi-
calresourcecentres.htm    . Accessed Mar 2016  

    32.   FDA (2010) Good laboratory practice for nonclinical 
laboratory. Website   http://www.reginfo.gov/public/
do/eAgendaViewRule?pubId=201004&RIN=0910-
 AG47    . Accessed Jan 2016  

    33.   Niazi SK EU Guidelines to good manufacturing prac-
tice: medicinal products for human and veterinary use  

     34.   FDA (2007) Guidance for industry: eligibility deter-
mination for donors of human cells, tissues, and cel-
lular and tissue-based products (HCT/Ps)  

     35.    Food, Drug Administration HHS (2004) Eligibility 
determination for donors of human cells, tissues, and 
cellular and tissue-based products. Final rule. Fed 
Regist 69:29785–29834  

    36.   Anonymous (2009) Identity crisis. Nature 
457:935–936  

   37.   Asn- ATCCSDOW (2010) Cell line misidentifi cation: 
the beginning of the end. Nat Rev Cancer 
10:441–448  

    38.    Lorsch JR, Collins FS, Lippincott-Schwartz J (2014) 
Cell biology. Fixing problems with cell lines. Science 
346:1452–1453  

    39.    Barallon R, Bauer SR, Butler J et al (2010) 
Recommendation of short tandem repeat profi ling for 
authenticating human cell lines, stem cells, and tis-
sues. In Vitro Cell Develop Biol Animal 46:727–732  

    40.    Butler JM (2006) Genetics and genomics of core short 
tandem repeat loci used in human identity testing. 
J Forensic Sci 51:253–265  

   41.   Dirks WG, Drexler HG (2013) STR DNA typing of 
human cell lines: detection of intra-and interspecies 

C. Sun et al.

http://www.oecd.org/sti/biotech/oecdbestpracticeguidelinesforbiologicalresourcecentres.htm
http://www.oecd.org/sti/biotech/oecdbestpracticeguidelinesforbiologicalresourcecentres.htm
http://www.oecd.org/sti/biotech/oecdbestpracticeguidelinesforbiologicalresourcecentres.htm
http://www.reginfo.gov/public/do/eAgendaViewRule?pubId=201004&RIN=0910-AG47
http://www.reginfo.gov/public/do/eAgendaViewRule?pubId=201004&RIN=0910-AG47
http://www.reginfo.gov/public/do/eAgendaViewRule?pubId=201004&RIN=0910-AG47


45

cross-contamination. In: Basic cell culture protocols. 
Springer, Dordrecht, pp 27–38  

    42.    Yu M, Selvaraj SK, Liang-Chu MM et al (2015) A 
resource for cell line authentication, annotation and 
quality control. Nature 520:307–311  

     43.   China Food and Drug Administration (CFDA).   http://
eng.sfda.gov.cn/WS03/CL0755/    . Accessed Jan 2016  

     44.   FDA (1993) Points to consider in the characterization 
of cell lines used to produce biologicals. Center for 
Biologics Evaluation and Research, Rockville  

    45.   FDA (1998) Guidance for industry Q5A viral safety 
evaluation of biotechnology products derived from 
cell lines of human or animal origin. U.S. Department 
of Health and Human Services, Food and Drug 
Administration, Center for Drug Evaluation and 
Research, Rockville  

    46.    Macpherson I, Montagnier L (1964) Agar suspension 
culture for the selective assay of cells transformed by 
polyoma virus. Virology 23:291–294  

    47.    Petricciani JC, Levenbook I, Locke R (1983) Human 
muscle: a model for the study of human neoplasia. 
Invest New Drugs 1:297–302  

     48.   Ema ICH Topic Q 6 B specifi cations: test procedures 
and acceptance criteria for biotechnological/biologi-
cal products  

    49.   Emea/Chmp (2007) guideline on potency testing of 
cell-based immunotherapy medicinal products for the 
treatment of cancer  

    50.   FDA (2011) Guidance for industry: potency tests for 
cellular and gene therapy products. U.S. Department 
of Health and Human Services, Food and Drug 
Administration, Center for Biologics Evaluation and 
Research, Rockville  

     51.    Hunt CJ (2011) Cryopreservation of human stem cells 
for clinical application: a review. Transfusion Med 
Hemother 38:107–123  

     52.    Andrews PW, Baker D, Benvinisty N et al (2015) 
Points to consider in the development of seed stocks 
of pluripotent stem cells for clinical applications: 
International Stem Cell Banking Initiative (ISCBI). 
Regen Med 10:1–44  

        53.    Benson EE, Betsou F, Fuller BJ et al (2013) 
Translating cryobiology principles into trans- 
disciplinary storage guidelines for biorepositories 
and biobanks: a concept paper. CryoLetters 
34:277–312  

    54.    Ballesteros D, Estrelles E, Walters C et al (2011) 
Effect of storage temperature on green spore longev-
ity for the ferns Equisetum ramosissimum and 
Osmunda regalis. CryoLetters 32:89–98  

    55.    Baust J, Gage A, Klossner D et al (2007) Issues criti-
cal to the successful application of cryosurgical abla-
tion of the prostate. Technol Cancer Res Treat 
6:97–109  

    56.    Tedder R, Zuckerman M, Brink N et al (1995) 
Hepatitis B transmission from contaminated cryo-
preservation tank. Lancet 346:137–140  

    57.    Kyuwa S, Nishikawa T, Kaneko T et al (2003) 
Experimental evaluation of cross-contamination 
between cryotubes containing mouse 2-cell embryos 
and murine pathogens in liquid nitrogen tanks. Exp 
Anim 52:67–70  

    58.   Day JG, Stacey G (2007) Cryopreservation and 
freeze-drying protocols. Springer, Dordrecht  

    59.    Winter JM, Jacobson P, Bullough B et al (2014) Long- 
term effects of cryopreservation on clinically pre-
pared hematopoietic progenitor cell products. 
Cytotherapy 16:965–975  

     60.   Yong KW, Pingguan-Murphy B, Xu F et al (2015) 
Phenotypic and functional characterization of long- 
term cryopreserved human adipose-derived stem 
cells. Scientifi c reports  

    61.    Chen YK, Liu QH, Li J et al (2010) Effect of long- 
term cryopreservation on physiological characteris-
tics, antioxidant activities and lipid peroxidation of 
red seabream (Pagrus major) sperm. Cryobiology 
61:189–193  

     62.    Daley GQ, Scadden DT (2008) Prospects for stem 
cell-based therapy. Cell 132:544–548  

    63.   ClinicalTrials.gov   https://clinicaltrials.gov/ct2/
results?term=ips+cell    . Accessed Feb 2016  

    64.    Dominici M, Le Blanc K, Mueller I et al (2006) Minimal 
criteria for defi ning multipotent mesenchymal stromal 
cells. The International Society for Cellular Therapy 
position statement. Cytotherapy 8:315–317  

    65.    Freeman BT, Jung JP, Ogle BM (2015) Single-cell 
RNA-Seq of bone marrow-derived mesenchymal 
stem cells reveals unique profi les of lineage priming. 
PLoS One 10:e0136199  

    66.    Samsonraj RM, Rai B, Sathiyanathan P et al (2015) 
Establishing criteria for human mesenchymal stem 
cell potency. Stem Cells 33:1878–1891      

3 Fundamental Principles of Stem Cell Banking

http://eng.sfda.gov.cn/WS03/CL0755/
http://eng.sfda.gov.cn/WS03/CL0755/
https://clinicaltrials.gov/ct2/results?term=ips+cell
https://clinicaltrials.gov/ct2/results?term=ips+cell

	3: Fundamental Principles of Stem Cell Banking
	3.1	 Introduction
	3.2	 Construction and Design
	3.2.1	 Functional Areas and Equipment
	3.2.2	 File Management
	3.2.3	 Master Cell Banks and Working Cell Banks

	3.3	 Quality Management
	3.3.1	 Current Good Manufacturing Practices
	3.3.2	 Principles of Good Cell Culture Practice
	3.3.3	 Selection of Donors, Materials and Reagents

	3.4	 Quality Control Testing of the Stem Cell Bank
	3.4.1	 Identity
	3.4.2	 Purity
	3.4.3	 Viability
	3.4.4	 Microbiological Testing
	3.4.4.1	 Sterility Tests
	3.4.4.2	 Mycoplasma
	3.4.4.3	 Pyrogenicity/Endotoxins
	3.4.4.4	 Adventitious Agent Testing

	3.4.5	 Tumorigenicity
	3.4.6	 Stability
	3.4.6.1	 Stability During Cryostorage
	3.4.6.2	 Genetic Stability

	3.4.7	 Potency

	3.5	 Long -Term Maintenance and Management
	3.5.1	 Quality Control During Stem Cell Cryopreservation Process
	3.5.1.1	 Storage Temperature
	3.5.1.2	 Contamination

	3.5.2	 Quality Validation for Recovered Stem Cell

	3.6	 Prospects for Stem Cell Banking
	3.7	 Summary
	References


