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Cotransplantation of bone marrow-derived mesenchymal stem
cells in haploidentical hematopoietic stem cell transplantation
in patients with severe aplastic anemia: an interim summary for
a multicenter phase II trial results
Z Liu1,8, Y Zhang2,8, H Xiao1, Z Yao1,3, H Zhang1, Q Liu4, B Wu5, D Nie6, Y Li1, Y Pang1, Z Fan4, L Li1, Z Jiang1, F Duan1, H Li1, P Zhang1,
Y Gao1, L Ouyang1, C Yue1, M Xie1, C Shi1, Y Xiao1,7,8 and S Wang2,8

Haploidentical hematopoietic stem cell transplantation (haplo-HSCT) for severe aplastic anemia (SAA) is mainly limited by the high
incidence of graft failure and GvHD. Mesenchymal stem cells (MSCs) have been shown to support hematopoiesis in vivo and to
display potent immunosuppressive effects to prevent or treat GvHD after HSCT. In a multicenter phase II trial, we developed an
approach with co-transplantation of MSCs in patients undergoing haplo-HSCT. Forty-four patients with SAA were included. The
conditioning regimen included busulfan, cyclophosphamide and thymoglobulin (ATG). The recipients received cyclosporin A (CsA),
mycophenolate mofetil and short-term methotrexate for GvHD prophylaxis. Three out of 44 patients, who died early before
hematopoietic engraftment, were not assessed. Evaluable patients (97.6%; 40/41) achieved hematopoietic reconstitution and
sustained full donor chimerism. The median time for myeloid engraftment was 12 days (range 8–21 days) and for platelet
engraftment was 19 days (range 8–154 days). The incidence was 29.3% for grade II–IV acute GvHD and 14.6% for chronic GvHD. The
overall survival was 77.3% with a median 12-month (range 0.9–30.8) follow-up for surviving patients. These data suggest that co-
transplantation of MSCs could reduce the risk of graft failure and severe GvHD in haplo-HSCT for SAA.

Bone Marrow Transplantation (2017) 52, 704–710; doi:10.1038/bmt.2016.347; published online 9 January 2017

INTRODUCTION
Nowadays, with advances in transplant technology, haploidentical
hematopoietic stem cell transplantation (haplo-HSCT) has
achieved good clinical results.1–3 Data from Xu et al.3 indicated
that patients who received haplo-HSCT achieved 100% donor
myeloid engraftment and 64.6 ± 12.4% of overall survival (OS) with
a median time of 746-day follow-up. Compared with malignant
diseases, haplo-HSCT for severe aplastic anemia (SAA) involves
distinct challenges mainly associated with high graft failure and
incidence of GvHD.3–5 Consequently, if we can find a way to
promote while reducing the incidence of GvHD, the efficacy of
haplo-HSCT may improve.
Mesenchymal stem cells (MSCs), multi-potent non-

hematopoietic progenitors, could support hematopoiesis,
enhance engraftment of HSCs and reduce the incidence of GvHD
following HSCT.6–8 A clinical trial involving infusion of MSCs from
healthy donors to patients with AA was approved in 2009 in our
center (NCT 01305694). In a preliminary study, we demonstrated
that infusion of MSCs resulted in 33.3% refractory AA patients
achieving complete response or partial response,9 which
strengthened our confidence in MSCs as a promising therapeutic
strategy for patients with AA. In very recent years, there have been

few reports on co-transplantation of haplo-HSCT with MSCs for
SAA achieving promising clinical results.10–13 To date, there has
been no multi-center clinical study with larger number of patients
in this area. We first launched a multi-center clinical study to
examine the safety and feasibility of co-transplantation of MSCs
from third party donors in haplo-HSCT for SAA patients. We further
investigated the rates and kinetics of hematopoietic engraftment
and the incidence and severity of GvHD. The trail was registered at
ClinicalTrials.gov, identifier NCT02247973.

SUBJECTS AND METHODS
Study setting and participants
Consecutively acquired SAA patients who underwent haplo-HSCT at the
Depatment of Hematology, General Hospital of Guangzhou Military
Command, Guangzhou First People’s Hospital, Second Affiliated
Hospital of Sun Yat-Sen University, Affiliated Nanfang Hospital of Southern
Medical University or the Affiliated Zhujiang Hospital of Southern Medical
University between 6 March 2013 and 24 August 2015 were enrolled in this
study. Informed consent had been obtained from all patients. This study
was approved by the Ethics Committee of General Hospital of Guangzhou
Military Command.
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Patients met the following inclusion criteria: (1) in line with the
2009 Edition (UK), aplastic anemia diagnostic criteria for SAA or very severe
SAA; (2) age o50 years old; (3) no HLA-identical sibling donor;
(4) HLA-mismatched related donors with ⩾ 5/10 HLA-matched loci;
(5) no serious infection or acute hemorrhage; (6) cardiac ultrasound
examination showed left ventricular ejection fraction > 50%; (7) both
transaminase and serum creatinine level no more than twice the upper
limit of normal value; (8) no acute contagious disease; (9) ability to
understand and willingness to sign a written informed consent document;
and (10) Eastern Cooperative Oncology Group score of 0–2 points. Patients
were excluded if they were diagnosed with (1) severe infection or active
bleeding; (2) severe cardiac insufficiency; left ventricular ejection fraction
o50%; (3) severe liver dysfunction, alanine transaminase and total
bilirubin, higher than three times the upper limit of normal value (ULN);
(4) severe renal insufficiency, renal function (measured by creatinine) twice
or more the ULN, or 24 h urine creatinine clearance rate lower than 50 mL/
min; (5) active tuberculosis, severe acute hepatitis or other contagiously
diseases in the active period; (6) Eastern Cooperative Oncology Group
(ECOG) score > 3 points; (7) concomitant malignant tumors or other clonal
disease; and (8) poor compliance and the researchers considered them
unsuitable for MSC infusion. HLA compatibility was determined by high-
resolution DNA techniques for HLA-A, B, C, DRB1 and DQB1 loci. Donors
were ranked on the basis of HLA match, age (younger preferred), gender
(same preferred) and health status (better preferred).

Conditioning regimen
Patients who underwent haplo-HSCT were treated with a regimen that
consisted of the following: busulfan: 3.2 mg/kg IV in divided doses daily for
2 days (total dose 6.4 mg/kg) on days − 7 and − 6; cyclophosphamide:
50 mg/kg once daily IV for 4 consecutive days on days − 5, − 4, − 3 and − 2
(total dose 200 mg/kg); and ATG (rabbit, Genzyme Polyclonals SAS, Lyon,
France): 3.125 mg/kg once daily IV, for 4 consecutive days on day − 5 to − 2
(total dose 12.5 mg/kg) (Figure 1).

Stem cell collection
All donors were injected with G-CSF (Filgrastim, Kirin, Japan) subcutaneously
at 5 μg/kg/day for 5–6 consecutive days. A total of 200–400 mL of bone
marrow was collected at the posterior superior iliac spine after injection on
day 4. On the fifth day of mobilization, PBSCs were collected with a Fresenius
blood cell separator. An additional collection of PBSCs was required the next
day if the cell numbers from the previous 2 days were insufficient. The target
mononuclear cell yield from BM and peripheral blood was ⩾5×108/kg and
CD34+ cells ⩾ 2×106/kg of recipient weight. This corresponded to Day 0 in
the recipient cycle. The first day of stem cell infusion was designated as Day
‘01’; the second day of infusion was Day ‘02’.

MSCs preparation and transfusion
BM (20–30 mL), which was used for growing MSCs, was aspirated at the
posterior superior iliac spine from the same related healthy donor when
collecting G-CSF primed BM at d01. MSCs were cultured and supplied by
the Center for Cell Therapy and Research, General Hospital of Guangzhou
Military Command. MSCs were cultured and expanded in vitro by the
serum-decremental method as their previous report.14 It will take around
7–10 days to grow, to be the second generation of MSCs. Then, the MSCs
were divided into two to three infusion doses and were frozen and stored
in a ‘MSCs bank’ waiting to be resuscitated and cultured to be a final
product. The third-generation MSCs with a quantity of 3.6 (range 3.2–4.1)

million per kilogram per dose were collected and suspended in 10 mL
saline for transfusion. The first dose of MSCs was administered by venous
infusion within 6 h before stem cell infusion on Day 01. At Day+14,
a second dose of MSCs was infused immediately as a fresh preparation
(Figure 1). Patients were monitored for vital signs and symptoms of allergy
during the transfusion. Considering that MSCs had been tested for
effectiveness on poor graft function and GvHD, MSCs could also be applied
weekly for 4 weeks as a complementary treatment when poor graft
function or severe GvHD occurred.

GvHD prophylaxis
Acute GvHD (aGvHD) prophylaxis for haplo-HSCT included CsA, mycophe-
nolate mofetil and methotrexate. CsA was administered twice, IV from day
− 7 at a dose of 2.5 mg/kg/day until bowel function returned to normal, at
which time patients received oral CsA. A target trough blood concentration
of 200–250 ng/ml was requested up to 9 months after haplo-HSCT and was
gradually tapered thereafter; then CsA was withdrawn completely over the
next 2–3 months. Methotrexate was administered at a dose of 15 mg/m2 IV
on day +1 and 10 mg/m2 on days +3, +6 and +11. Mycophenolate mofetil
was administered orally (0.5 g, every 12 h, 0.25 g for children) from day − 9
to +30 and subsequently 0.25 g from days +30 to +90. In cases if GvHD
occurred in any organ, CsA and mycophenolate mofetil were continued
and adjusted up to the therapeutic concentration.

Definitions and evaluation of engraftment and chimerism
Myeloid engraftment was defined as the first of three consecutive days
with an absolute neutrophil count above 0.5 × 109/L and platelet
engraftment was defined as the day the platelet count met or exceeded
20× 109/L without transfusion for a week. Complete donor chimerism was
defined as the presence of only donor-type hematopoietic cells after
allogeneic HSCT. Primary graft failure was defined by the absence of
hematological recovery in patients surviving +21 days after transplantation
and late graft failure was defined as graft loss after initial graft
function.15,16 Secondary poor graft function was defined as per our
previous report.17 The incidence and severity of GvHD were based on a
National Institutes of Health consensus conference to determine GvHD
grade.18 CMV infection and CMV pneumonia were defined according to
the reference literature19,20 and the definition of EBV infection and EBV-
associated post-transplant lymphoproliferative disorders (PTLDs) were as
previously reported.21,22

Infection prevention and supportive care
All patients were hospitalized in laminar flow clean wards and received oral
antibiotics for gastrointestinal decontamination (norfloxacin capsules for
adults and gentamycin for children) from day − 9 to myeloid recovery.
Infection and complications prophylaxis around the transplant period has
been described by Xiao et al.17 in our previous paper. G-CSF (Filgrastim;
5 μg/kg/day) was injected subcutaneously into all recipients from day +6
after transplantation until myeloid recovery. A blood transfusion was
performed once hemoglobin reached o60 g/L and/or platelets reached
o20× 109/L. Human Ig (10 g) from healthy volunteer donors was IV
administered each week during the first month.

Statistical analysis
The primary endpoint of the study was the OS rate from transplantation.
Secondary endpoints included engraftment rate, incidence and severity of
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Figure 1. Schematic diagram of conditioning procedures. Regimen for patients who received haplo-HSCT. Busulfan (BU): 3.2 mg/kg IV in
divided doses daily for 2 days (total dose 6.4 mg/kg) on days − 7 and − 6; cyclophosphamide (CY): 50 mg/kg/day once daily IV for 4
consecutive days on days − 5, − 4, − 3 and − 2 (total dose 200 mg/kg); and ATG (rabbit, Genzyme Polyclonals SAS): 3.125 mg/kg once daily IV
for 4 consecutive days on day − 5 to − 2 (total dose 12.5 mg/kg).
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aGvHD and chronic GvHD (cGvHD). In evaluation of engraftment, patients
who died before engraftment were not considered evaluable and were
excluded from analyses of aGvHD and cGvHD. Patients who survived
4100 days were analyzed for cGvHD. The OS rate was evaluated using the
Kaplan–Meier estimate. The incidences of aGvHD and cGvHD were
evaluated by the Kaplan–Meier estimate. The date of the last follow-up
for all surviving patients was 26 November 2015. A statistical software
packages (SPSS 16.0, IBM Inc, Chicago, IL, USA, 1989–2007) was used for
analyses.

RESULTS
Characteristics of patients and their donors
Data are shown in Table 1. A total of 44 patients who were
diagnosed with SAA were enrolled in the study. Of these,
13 patients (29.5%) were considered to have very severe SAA.
The patients’ median age was 24 years (range 8–47). Thirty-three
(75%) patients had failed to respond to previous immuno-
suppressive therapy including one or more courses of
CsA±ATG± stanozolol ± steroids and all were transfusion
dependent. The median time from diagnosis to transplantation
was 31.2 months (ranging from 1 to 249). The median mononuclear
cell and CD34+ cell counts were 12.2 × 108/kg and 5.5× 106/kg,
respectively. The median age of the donors was 34 (11–63) years.

Engraftment
Primary graft failure occurred in one patient (2.4%). Myeloid
recovery and full donor chimerism were both achieved in the
other 40 evaluable patients (97.6%). The median time to achieve
neutrophil engraftment was 12 days (range 8–21 days). The
median time of platelet engraftment was 19 (range 8–154) days
(as shown in Table 2). Further, the 40 patients sustained complete
stable donor chimerism without late graft failure. After day +28
post transplant, 2 out of 40 (5%) patients developed secondary
poor graft function. Platelet count in one patient slowly rose to
over 20 × 109/L at day+154 and stabilized around 20–30 × 109/L.
His RBCs relied on infusion. This patient received supplemental
infusions of MSCs once a week for 4 consecutive weeks at
+5 months and +9 months. As a result his hemoglobin gradually
recovered to over 100 g/L and his platelet count recovered to
normal. The other patient experienced delayed platelet and RBC

Table 1. Characteristics of SAA patients for haplo-HSCT (n= 44)

Variable Data

Age at transplant (years) 24 (8–47)
⩽ 20 19 (43.2%)
20–40 20 (45.4%)
⩾ 40 5 (11.4%)

Sex
Male 29 (65.9%)
Female 15 (34.1%)

Disease and status at transplantation
SAA 31 (70.5%)
VSAA 13 (29.5%)

Previous treatment
CsA± andriol/stanozole± corticosteroid 31 (70.5%)
ATG±CsA± corticosteroid± andriol 2 (4.5%)

Supportive treatment 11(25%)
Time from diagnosis to transplantation (month) 31.2 (1–249)

Types of transplantation
Haplo-HSCT 44 (100%)

HLA mismatched
Haplo 5 locus mismatched 27 (61.4%)
Haplo 4 locus mismatched 8 (18.2%)
Haplo 3 locus mismatched 4 (9.1%)
Haplo 2 locus mismatched 1 (2.3%)
Haplo 1 locus mismatched 4 (9.1%)

Donor–recipient sex match
Female–male 5 (11.4%)
Female–female 6 (13.6%)
Male–male 24 (54.5%)
Male–female 9 (20.5%)

Donor–recipient relationship for haplo-HSCT (n=30)
Mother–child 4 (9.1%)
Father–child 15 (34.1%)
Child-mother 2 (4.5%)
Child-father 1 (2.3%)
Siblings 22 (50%)

Blood types of donor to recipient
Matched 26 (59.1%)
Major mismatched 6 (13.6%)
Minor mismatched 8 (18.2%)
Major and minor 4 (9.1%)

Stem cells (range)
MNC (×108/kg) 12.0 (5.6–25.1)
CD34+ (×106/kg) 5.5 (0.5–16.9)
BM-MSCs (×108) 3.6 (3.2–4.1)

Abbreviations: ATG= thymoglobulin; BM-MSC=bone marrow-mesenchymal
stem cell; CsA= cyclosporin A; haplo-HSCT= haploidentical hematopoietic
stem cell transplantation; MNC=mononuclear cell; SAA= severe aplastic
anemia; VSAA= very severe aplastic anemia.

Table 2. Clinical outcomes of haplo-HSCT for patients with SAA

Variable Cases

Engraftment n= 41
Neutrophil engraftment (days) 12 (8–21)
Platelet engraftment (days) 19 (8–154)
Primary graft failure 1 (2.3%)
Late graft failure 0 (0%)
Secondary PGF 2 (4.9%)
Secondary anemia and thrombocytopenia 1 (2.4%)
Secondary thrombocytopenia 1 (2.4%)

Acute GvHD n= 41
None 18 (43.9%)
I 11 (26.8%)
II 10 (24.4%)
III 2 (4.9%)
IV 0 (0%)

Chronic GvHD n= 35
None 29 (82.9%)
Limited 4 (11.4%)
Extensive 2 (5.7%)

Viremia n= 44
CMV 29 (65.9%)
EBV 14 (31.8%)
EBV-associated PTLD 4 (9.1%)

Non-infection complication n= 44
Hemorrhagic cystitis 14 (31.8%)
Seizures 3 (6.8%)
Reversible posterior leukoencephalopathy syndrome 1(2.3%)
Cerebral hemorrhage 1 (2.3%)
Capillary leak syndrome 1 (2.3%)
Bilateral femoral head aseptic necrosis 1 (2.3%)
Thrombembolia 1 (2.3%)
Glaucosis 1 (2.3%)

Abbreviations: haplo-HSCT= haploidentical hematopoietic stem cell
transplantation; PGF=poor graft function; PTLD=post-transplant
lymphoproliferative disorder; SAA= severe aplastic anemia.
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recovery, and his platelet count recovered to over 20 × 109/L up to
day +61 then gradually recovered to normal. In addition, two
patients suffered from recurrent cytopenia also in the presence of
complete donor chimerism. One patient infected by CMV on day
+60. After anti-CMV therapy, her hemoglobin and platelets
dropped remarkably on day+81. She was treated with an infusion
of MSCs from the original donor once a week for 4 weeks and her
blood cells gradually recovered. The other patient developed
secondary thrombocytopenia with the platelet count falling to
1 × 109/L on day +112 after suffering from several days of EBV
antigenemia. This patient was excluded with a diagnosis of
thrombotic microangiopathy without other clinical manifestations
including microangiopathic hemolytic anemia, microvascular
thrombosis and multiple organ failure. He had received methyl-
prednisolone, rituximab (Mabthera, Roche Pharma, Basel, Switzer-
land) and thrombopoietin booster without infusion of HSCs and
MSCs, and the platelet count also gradually recovered (Table 2).

Severity of GvHD
Acute GvHD. Table 2 indicates the incidence and severity of
GvHD. Of the 41 patients, 23 (56.1%) experienced aGvHD after
transplantation, including 11 (26.8%) with grade I, 10 (24.4%) with
grade II, 2 (4.9%) with grade III aGvHD and none with grade IV
aGvHD (0%). At 100 days after transplantation, the cumulative
incidence of grades II–IV aGvHD was 29.3% and that of grades II–IV
was 4.9% (Figure 2).
The two patients with grade III aGvHD received additional

treatment with methylprednisolone (2 mg/kg/day for 5 days),
CD25 monoclonal antibody and CsA was changed to FK-506. One
patient was cured and the other one showed improvement.

Chronic GvHD. Of 35 patients surviving longer than 100 days
after transplantation, 29 patients remained disease-free and
6 (17.1%) developed cGvHD. Among these patients, four (11.4%)
showed limited cGvHD and two (5.7%) showed extensive cGvHD
(as shown in Table 2 and Figure 3). One patient who had extensive
moderate cGvHD with the skin, mouth and eye involvement
at day +116 received additional long time methylprednisoline
treatment and showed no obvious improvement. Immuno-
deficiency secondary to corticosteroids was followed by pulmon-
ary aspergillosis with death finally occurring on day +332. The
other patient with extensive moderate cGvHD involving skin and
intestine received methylprednisoline treatment and additional

MSCs infusion once a week for four consecutive weeks and
showed improvement.

OS and treatment-related mortality
Three patients died before engraftment. One died of cerebral
hemorrhage at day 0; one died at day 7 after 3 days of septicemia
due to phialophora infection; the third died of respiratory failure
caused by severe pneumonia at day 15. Through 26 November
2015, 7 patients died within the follow-up period. Causes of death
and general condition are summarized in Table 3. Infections were
major causes of death. A total of 23 patients were monitored for
CD3 and CD4 cell recovery in the blood for 6 months after SCT.
Data are shown in Table 4. A total of 34 patients have survived to
date with an OS rate of 77.3% (Figure 4). All of the surviving
patients achieved a hematologic complete response.

CMV reactivation
Twenty-nine out of 44 patients (65.9%) experienced CMV
reactivation detected by antigen or DNA testing, with onset
averaging 35 (range, 16–83) days after HSCT. Fortunately, nobody
progressed to CMV-associated pneumonia or enteritis (as shown
in Table 2). Most patients (27/29) with CMV reactivation after HSCT
exhibited complete resolution with antiviral treatment. Two out of
10 patients whose clinical outcome was death had CMV viremia
when they died.

EBV reactivation
Of the 44 patients, 14 (31.8%) experienced EBV reactivation
detected by antigen or DNA testing, with onset averaging 52
(range, 13–221) days after HSCT. Four (9.1%) patients progressed
to EBV-associated PTLD (as shown in Table 2). Any viral infection in
the remaining patients was treated with ganciclovir or foscarnet,
gamma globulin and all patients with PTLD received treatment
with rituximab (Mabthera, Roche Pharma, Schweiz). Most patients
without PTLD demonstrated full recovery. Two patients with PTLD
died at day +77 and day +86, respectively. Two patients recovered
from PTLD with enlarged lymph nodes which disappeared and
copies of EBV declined to normal. However, one patient finally
died of septic shock at day +325 after HSCT.

Complications
All patients received the conditioning regimen on schedule
without encountering any significant transplantation-related,
bowel, renal or liver toxicity. No patients experienced infusional

40 60 80200 100

Time post HSCT (days)

0.0

0.2

0.4

0.6

0.8

1.0

T
h

e 
cu

m
u

la
ti

ve
 in

ci
d

en
ce

 o
f 

aG
V

H
D

Grade ll – IV aGVHD

Grade Ill – IV aGVHD

Figure 2. The Kaplan–Meier curve for the cumulative incidences of
Grade II–IV aGvHD and Grade III–IV aGvHD (n= 41).
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toxicity during the infusion of MSCs. Hemorrhagic cystitis was
observed in 14 patients (31.8%) at 23–70 (median 40) days after
transplantation. After hydration, alkalization of urine and bladder
flushing, all of them recovered within 2–3 weeks. Seizures occurred
in three cases (6.8%) at day − 4, − 2 and+30, respectively. Two
patients did not undergo magnetic resonance imaging and other
imaging examinations, owing to inconvenient events in the laminar
flow ward. They received treatment with sodium vedproate and
both recovered and there was never any recurrence. Reversible
posterior leukoencephalopathy syndrome was considered in one
patient who developed seizures at day +30 after magnetic
resonance imaging examination. At the time of occurrence, her
serum CsA concentration was at a maximum of 772.5 ng/mL. After
the discontinuation of intravenous CsA and treated with sodium
vedproate, the seizures were resolved. Capillary leak syndrome was
observed in one patient (2.3%) at day +86 accompanied with
pulmonary infection and CMV viremia; the patient eventually gave
up treatment and was discharged at day +88. One patient (2.3%)
suffered from cerebral hemorrhage a few hours after transfusion of
BM-derived stem cells at day 0. Bilateral femoral head aseptic
necrosis was observed in one patient (2.3%) at +12 month after
HSCT and she received a total hip replacement surgery at
+13 month. In addition, one patient (2.3%) developed
thrombembolism at day +32 involving left subclavian vein and
basilic vein. He finally recovered after thrombolytic therapy.
Glaucosis was diagnosed in one (2.3%) 8-year-old boy at day +36
after HSCT and he improved after withdrawal glucocorticoid and
dehydration with mannite (Table 2).

DISCUSSION
In our study, we used busulfan+ cyclophosphamide+ATG
conditioning regimen as previous reported by Xu et al.3 and
90.9% (40/44) patients had at least 2 and at most 5 mismatched
loci. Among the evaluated 41 patients, only one patient did notTa
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Table 4. CD3 and CD4 cell recovery after transplantation

Time after SCT (months) CD3 (×109/L) CD4 (×109/L)

1 0.168± 0.104 0.036± 0.026
2 0.612± 0.256 0.105± 0.097
3 1.251± 0.899 0.163± 0.135
6 1.692± 0.129 0.293± 0.219

Abbreviation: SCT= stem cell transplantation.

20 30 40100

Time post HSCT (months)

0.0

0.2

0.4

0.6

0.8

1.0

C
u

m
u

la
ti

ve
 s

u
rv

iv
al

Figure 4. OS of SAA patients after haplo-HSCT (n= 44).
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achieve hematopoietic engraftment. The OS in our study was
77.3% with incidence rates of grade II–IV aGvHD and cGvHD of
29.3% and 14.6%, respectively. The risk of GvHD in our study was
significant lower than the risk reported in Xu et al.3 (aGvHD 42.1%
and cGvHD 56.2%). Furthermore, none of our study patients had
severe GvHD resulting in death. The above data demonstrate our
hypothesis that adding MSCs in transplantation increases the
engraftment rate; lowers the incidence of GvHD and improves
the OS.
The possible mechanisms by which MSCs improve the out-

comes of haplo-HSCT for patients with SAA are the following. First,
during the transplant procedure MSCs may create a more
favorable BM microenvironment favoring engraftment of hema-
topoietic progenitor cells.23 Second, MSCs could prevent and treat
GvHD by inhibiting the activation and proliferation of activated
T cells that have been induced by a variety of stimuli24,25 and
downregulating inflammatory cytokine expression such as TNF-α,
IL2R-α, elafin and interferon-γ.26,27

From 2007 to 2011, several case reports, usually involving fewer
than five cases, involving co-transplantation of MSCs with PBSCs
or BM in haplo-HSCT or unrelated donor (UD)—HSCT for patients
with SAA have been reported.28–31 Results from these attempts
indicate that co-transplantation of MSCs might, as theoretically
speculated, enhance engraftment of HSCs and taper the incidence
of GvHD. Gradually, a larger number of patients, a maximum of 21
cases in the current report, began to enter clinical research in
different centers. Nearly all patients achieved rapid and sustained
hematopoietic reconstitution. The mean time for neutrophil and
platelet recovery ranged from 11 to 16 and 13 to 22 days,
respectively.32–36 In our study, the median time for myeloid
engraftment was 12 days and for platelet engraftment was
19 days, which is consistent with previous reports.
Reports involving the incidence of aGvHD after adding MSCs

are at variance. Fu et al.34 reported five young patients with a long
history of SAA, who had not responded to initial CSA treatment
and who then underwent co-transplantation of unrelated donor
PBSCs and umbilical cord (UC)-MSCs. No cases of severe aGvHD or
cGvHD were observed.34 In other reports, the incidence of aGvHD
grade II-–IV was around 23.5–40.7%35,36 and cGvHD was
documented in 14.2%35 and 21.25%36 of patients, respectively.
These limited promising data, together with our results, suggest
that combined transplantation of haplo-HSCs and MSCs in cases of
SAA without an HLA-identical sibling donor is safe, effectively
reduces the incidence of severe GvHD and improves patient
survival. The differences between our trial and other studies lie in
the following aspects: (1) the source of MSCs (BM-MSCs versuss
UC-MSCs); (2) frequency of MSCs infusions (twice versus once); (3)
a prospective multicenter clinical trial versus single center study.
The rigorous prospective design of our study makes our data
objective and convincing.
A relatively higher incidence of EBV (31.8%) and CMV (65.9%)

infection in our study has aroused our concern. Among these
patients, four (9.1%) developed EBV-associated PTLD and three
died finally. Zhang et al.37 analyzed risk factors of PTLD associated
with EBV infection following haplo-HSCT and concluded patients
with delayed immune reconstitution are at higher risk of
developing PTLD after allo-HSCT. In addition, a conditioning
regimen including ATG,38 HLA mismatch, mismatch in EBV
serology and splenectomy33 have been reported in other studies
to be risk factors associated with PTLD. As for CMV infection,
Peking University researchers39 retrospectively analyzed 260
patients who received allo-HSCT. Among these patients, 188
(72.3%) patients were infected with CMV, 34% in the related
donor-HSCT group and 81.9% in the haplo-HSCT group. Reduction
in CMV infection after haplo-SCT will only be achieved
by hastening post-transplant immune reconstitution. However,
immune reconstitution after haplo-SCT is usually slower than
that after matched-sibling donor or matched-unrelated donor

transplants.40 Post-transplant complications, including GvHD and
its associated treatment with high-dose steroid,41 should also be
considered.
These limited data from our trial give encouraging results and

suggest that co-transplantation of MSCs from related donors
might be an attractive option for SAA patients receiving haplo-
HSCT. Despite the lack of control subjects and the inadequate
number of cases in this study, our survival data are encouraging
and support previous studies showing that alternative donor HSCT
combined with MSCs infusion could be an effective approach to
treat SAA.33–36
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