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Abstract: Background: Several studies revealed that MSC from human bone marrow can downregulate graft-versus-
host disease (GVHD) after allogeneic HSCT. Methods: Herein we present 50 patients with acute GVHD who got 74 
(1-4) MSC infusions for 54 separate episodes of aGVHD. Results: aGVHD was defined as steroid resistant grade IV 
aGVHD in 42 cases. The major presentation was gastrointestinal GVHD; two (n=18) or more (n=21) systems were in-
volved in the majority of cases. The 1st infusion with MSC was given on day +27 (range, 1 to 136); d+45 (range, +11 
to +150) post diagnosis of aGVHD and HSCT, respectively. In 2/3 of the cases treatment was performed with frozen 
stocked MSCs; in 62 cases early passages (1-3) were used. The median number of infused cells was 1.14±0.47 
million per kg in the first injection and up to 4.27 (1.70±1.10) millions in total. The two patients with aggressive liver 

GVHD received MSCs injections intra hepatic arteries without changes of blood flow or evidence cytolysis, but also 
without a visible effect. Disease free survival at 3.6 years was 56%. We observed better overall survival in patients 
with GVHD grade <4, in responders to the 1st treatment with MSC, and in pediatric group. The multivariate analysis 
demonstrated independent influence on survival of initial response and younger age. There were no immediate or 
late toxicity or side effects. Conclusion: Injection of MSCs seems to be a promising and safe treatment of GVHD. The 
encouraging results obviously should be confirmed in a randomized prospective study.

Keywords: Mesenchymal stromal cells (MSC), mesenchymal stem cells, hematopoietic stem cell transplantation, 
graft versus host disease, steroid resistance

Introduction

Human mesenchymal stromal cells (MSC), pre-
viously known as stem cells, are non-hemato-
poietic multipotent cells that are able to differ-
entiate along different pathways including the 
osteogenic, adipogenic, and chondrogenic lin-
eages [1-5].

MSC were first found in bone marrow [6, 7] and 
later on, were isolated and expanded from vari-
ous other tissues, including adipose, cutane-
ous, and pulmonary tissues, fetal hepatic, den-
tal pulp [8-17]. These cells have many similari-

ties with various perivascular cells, especially 
pericytes, which are multilineage stem cells 
with a gross plasticity potential [17-20]. 
Pericytes are distributed throughout the body 
and the association between vascularization 
and MSC distribution has also been shown [21].

Biological properties and effector mechanisms 
of MSC are the focus of fundamental research 
and an object of many potential clinical applica-
tions. One of the most pronounced characteris-
tics of these cells are their immuno-suppressive 
properties, visible both in vitro and in vivo. 
These findings provided the background for 
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clinical application of MSC in the treatment of 
graft-versus-host disease (GVHD). The first 
case of severe steroid-resistant GVHD success-
fully treated with MSC was described in 2004 
[22]. Several other case reports and small 
series have since published [23-36]. The larg-
est was a multicenter phase I/II study of 55 
European patients, published in 2008 on 
behalf of the Developmental Committee of the 
European Group for Blood and Marrow trans-
plantation [25].

In totality, fourteen publications presented 183 
treated patients with a broad spectrum of 
effectiveness, showing response rate varying 
from 0% [32, 33] to 100% [34] with estimations 
based on primary effect and/or overall survival 
(OS). Although the majority of these papers 
expressed positive impressions, some of them 
found that the overall effect was weak, and in 
some instances, completely undetectable 
(reviewed by Wernicke et al., 2011) [36]. 
Despite the fact that clinical use of MSC in 
post-BMT settings is still far from routine, this 
approach was recently “considered as a third 
line treatment option (in UK guidelines, I.R.) but 
recognize that this is an area of active research 
and that MSCs may have a greater role in the 
management of acute GVHD (aGVHD) in the 
future” [37].

In summary, the information concerning the 
clinical effectiveness of infusion of MSC for 
aGVHD is promising, but not uniform and still 
inconclusive. Herein we present the second 
large academic multicenter trial following the 
publication in 2008 result of the European one 
which presented 55 patient [25] (exception are 
trials with Prochymal–commercially produced 
MSC preparation, released as a company 
report [38] and in an abstract form [39]; no 
peer-reviewed publication of this trial results is 
currently available). Our experience was previ-
ously presented in EBMT and ASH 2009 annual 
meetings [40, 41]. The goal of the present pub-
lication is to update data based on our research 
and clinical experience and discuss several rel-
evant points.

Materials and methods

Patients

Here we present an update of 50 patients (22 
female and 28 male) who were treated for their 

acute GVHD with MSC from five major Israeli 
university medical centers. Forty four patients 
from this group had hematological malignan-
cies. One of them was a patient with X-linked 
lymphoproliferative disease (XLP) and Burkitt’s 
lymphoma. The other 5 patients had genetic 
diseases XLP, sickle cell disease with often 
abdominal crises, Wiscott-Aldrich syndrome, 
osteopetrosis and severe combined immune 
deficiencies, one more patient had severe 
aplastic anemia (Table 1). All of the patients 
developed severe steroid resistant acute GVHD, 
which was defined as disease progression dur-
ing the first 3 days on 2 mg/kg methylpredniso-
lone or alternatively, due to discerning no 
improvement for at least 7 days of this treat-
ment [42]. Patients’ median age was 19 (1 to 
69) years; half of them (n=25) were considered 
pediatric (less then 18 y.o.). Treatment with 
MSC was performed in accordance with 
Institutional Review Board (IRB) policy and 
donors and patients, or their legal guardians, 
provided written informed consent (Hadassah 
Medical Organization IRB, protocol 0137-08-
HMO and Sheba Medical Center IRB, protocol 
8370-10-SMC). In total, 74 treatments were 
administered. Most patients received a single 
MSC injection, although some received up to 4 
injections of MSC (2 patients got 2 treatments 
twice for the firstly appeared aGVHD and for its 
exacerbation, 2 patients got 3 injections, 14 
patients 2 injections each and the rest 32 
patients once). Two cases were a combination 
of intravenous (i.v.) and intra-arterial (i.a.) injec-
tions performed on the same day. They are 
therefore considered as a single treatment.

MSC preparation and quality control

Isolation and culture of MSC from bone mar-
row: Bone marrow aspirate was obtained from 
the iliac crest in amounts of 60 to 120 ml, and 
was gently passed through a nylon cell strainer, 
a 21 gauge needle and a 23 gauge needle. 
Cells were re-suspended in DMEM supplement-
ed with 15% fetal bovine serum, 1% glutamine 
and 1% antibiotics (3 ×108 cells per flask). Cells 
were plated into 25 cm2 culture bottles main-
tained at 37°C in a humidified atmosphere with 
5% CO2. In some cases BM-MNCs were 
obtained by Ficoll gradient (1.077 g/dl) 
(Lymphoprep, cat. 1114547, Fresenius Kabi 
Norge AS, Norway), re-suspended with media 
culture (107 cells/flask) and plated on 75 cm2 



MSC for acute GVHD treatment

227	 Am J Blood Res 2013;3(3):225-238

flasks. Medium was replaced two times a week. 
When cells reached confluence, they were tryp-
sinized, re-suspended in medium and re-plated 
for expansion.

MSC donors serology (blood group, a set of 
infections) were performed according to con-
ventional requirements for HSCT donors.

Sterility for gram positive, gram negative organ-
isms, anaerobes and fungi was done from pas-

sage used for treatment, before 
and after cell freezing. 

Cells’ karyotype (FISH) were 
tested in a limited number of 
cultures prior to injection based 
on data of stability in maintaining 
normal diploid karyotype of 
human MSCs throughout at 
least 10 early passages [43-45] 
no chromosomal abnormalities 
were detected.

Aspect and morphology: Cultur- 
ing was performed under light 
microscopy control. MSC culture 
demonstrated fibroblast-like ap- 
peared cell layer in all cases.

FACS analysis: Culture-expan- 
ded MSC were characterized 
phenotypically by flow cytometry 
(Becton-Dickinson). Fluorescein 
isothiocyanate (FITC), phycoery-
thrin (PE) or APC conjugated 
antibodies against CD45 (<5%; 
<1% in case of use of MSC from 
an original mismatched donor), 
CD105 (70-95%), CD90 (70-
95%), CD3 (<5%; in case of use 
of MSC from an original mis-
matched HSC donor, CD3 abso-
lute number should not exceed 
1 x10E4 cells per kg of recipient 
body weight). HLA-DR (<5%), 
HLA-class 1 (>80%) were used 
in the majority of cases, as well 
as CD4, CD8, CD56, Stro1, 
CD117, CD13, CD14, CD34, 
CD73, CD9, and CD166. Trypsin-
EDTA (Biological Industries, Beit-
Haemek, Israel), and washed 
cells were incubated with anti-
bodies and analyzed by using 

Table 1. HSC and MSC transplantation characteristics
Diagnoses ALL-10, JMML-2, XLP-2, AML-15;  

AML/MDS-7, NHL-4, WAS-1, OP-1,  
SCID-1, CML-2, CLL-2, SAA-1, MM-1,  
SCD-1

Age Median 19 (1 to 69)
(children-25, adults-25)

Gender M:F 28:22 (56%:44%)
HSC matching (n=50) MFD-12

MUD-25
9/10-7
8/10-2
haplo-2
UCB-2

MSC matching (n=74) 3rd party, full mismatched-62
3rd party, haplo-5
Same donor, haplo-2
Same donor, matched-5

aGVHD development d+9 to d+150
aGVHD severity (maximal) grade IV-42

grade II-III-8
Number of systems involved One-9

Two-18
More-21

Other treatments MP (regular ± high dose)-50, 
CsA-50, 
tacrolimus-40,
rapamycin-8,
MMF-40, 
ATG-27, 
anti-CD25 mAb-9, 
ECP-16

MSC delivery i.v. only-72 
i.a. + i.v.-2

Average first MSC dose 1.05 (0.3 to 2.25) x10E6 per kg
Abbreviations: ALL - acute lymphoblastic leukemia; AML - acute myeloid leuke-
mia; ATG - antithymocyte globulin (Fresenius or Thymoglobulin); CLL - chronic 
lymphocytic leukemia; CML - chronic myeloid leukemia; ECP - extracorporeal 
photopheresis; i.a. - intra-arterial injection; i.v. - intravenous; JMML - juvenile my-
elomonocytic leukemia; MDS - myelodysplastic syndrome; MFD - matched fam-
ily donor; MM - multiple myeloma; MMF - mycophenolate mofetil; MP - methyl 
prednisolone; MUD - matched unrelated donor; NHL - non-Hodgkin’s lymphoma; 
OP - osteopetrosis; SAA - severe aplastic anemia; SCD - sickle cell disease; 
SCID - severe combined immune deficiency; UCB - umbilical cord blood; WAS - 
Wiscott Aldrich Syndrome; XLP - X-linked lymphoproliferative disease.

the Cell Quest Software to detect surface 
antigens. 

Cryopreservation and thawing procedure: MSC 
were frozen using freezing medium containing 
DMEM low glucose with FBS 80% and DMSO 
10%. Samples were defrost not completely in a 
water bath 37 degrees, re-suspended in DMEM 
low glucose, 35% FBS, 1% Glutamine, with 
addition of penicillin, streptomycin and nystat-
in, 1% of each (Biological Industries, Beit-
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Haemek, Israel), spinned down 800 rpm 10 
minutes then washed twice with PBS.

Mitogen response suppression of expanded 
cells was performed in the 6 samples. Different 
concentrations of MSC were incubated with or 
without lymphocytes (105 cells/300 mcl) and 
with or without PHA (3 mg/ml) in triplicate  in 
96-well plates for 72 hours. The plates were 
pulsed with 1 μCI per well 3H thymidine (3HT) 
during the final 18 h. In vitro lymphocyte prolif-
eration was evaluated by measuring 3HT incor-
poration in cells harvested over fiberglass fil-
ters on a Microbeta scintillation counter 
(Packard). The MSCs suspension from each 
donor demonstrated similar immuno-suppres-
sive properties in vitro (reported by Barkats et 
al., 2007) [46].

MSC transfusion: Cells were centrifuged, 
washed once with NS and were re-suspended 
in 15-20 cc of NS immediately before infusion 
to avoid major agglutination. They were slowly 
injected into a central line along with the flow of 
NS. Intra-arterial treatment with MSC was per-
formed in two cases of severe liver GVHD fol-
lowing haploidentical transplantation into the 
right and left hepatic arteries under imaging 
control, using a previously reported technique 
[47, 48]. All treatments were performed without 
premedication in parallel to 3 days of treatment 
with azithromycin for Mycoplasma infection 
prophylaxis.

Cells were produced in a sterile box in accor-
dance with GMP regulations in done in 2 of 5 
participating centers Hadassah (for 42 
patients) and Sheba, Tel Hashomer (for 9 
patients; one patients got two treatments using 
cells from both centers). 

Statistics

For statistical analysis, we used t-test and lin-
eal correlations (Excell for MAC v.14.1.4, 2011), 
chi-square and Fisher’s exact test using soft-
ware available online [49, 50]. Survival analysis 
was assessed by using the Kaplan–Meier 
methods (log-rank test) and Cox regression for 
univariate and multivariate analysis in PASW 
Statistics 18.0 and MedCalc version 12.4. 
Plots were performed using MedCalc version 
12.4. All tests were two-sided. Binary logistic 
regression was analyzed using PASW Statistics 
18.0. The p-values less than 0.05 were consid-
ered as statistically significant.

Results 

HSCT characteristics

The HSCT source distributed as follows: the 
vast majority of patients (n=44) were trans-
planted using conventional high resolution of 
tissue typing (HLA) MFD (10/10) or MUD 9 or 
10 out of 10 matched; two from 8/10 MUD; two 
received transplantations from unrelated 6/6 
UCB and two from a haploidentical parent 
(Table 1). In 41 cases, mobilized PBSC were 
used and in 7 cases, harvested BM was used.

Forty-five patients received myeloablative while 
5 received reduced intensity conditioning; 32 
patients received fludarabine based condition-
ing while thirteen received TBI containing proto-
cols. Median TNC was 9.5 x10E8 (from 1.72 to 
25.0) (excluding haplo and UCB unit). The num-
ber of CD34+ cells was 9.05 x10E6 (from 1.17 
to 39.0) and the number of CD3+ was 3.79 
x10E8 per kg (from 0.3 to 4.6); one patient who 
got haplo BMT after positive selection of CD34+ 
received extended number (2 x10E5) CD3+ 
cells per kg of body weight.

In all cases, GVHD prophylaxis was based on 
cyclosporin A (CsA) from d=-4 or d=-1 and 
included its combinations with MTX on d+1, +3 
and +6 (n=8), with ATG on days -4 to -1 (either 
Fresenius 5 mg/kg/d or Thymoglobulin 2.5 
mg/kg/d) for days from -4 to -1 (n=7). For 10 
patients, CsA was combined with MMF from 
d+1. Patients who received T cell depleted 
PBSC were not given medicamentous GVHD 
prophylaxis. There were no graft failures by 
definition.

GvHD severity and treatment before MSC

Acute GVHD started from day +6 to day +72 fol-
lowing BMT (median d+17) excluding three 
patients in whom aGVHD was provoked later on 
by DLI (d+150, d+360, d+415). In another 3 
cases, the disease manifested itself in a hyper-
acute form prior to the engraftment (on d+6, 
d+8 and d+8).

The major presentation which determined over-
all severity and governed the subsequent 
course of the disease was gastrointestinal (GI) 
GVHD (Table 1). In most of the patients, GI 
GVHD was defined as grade 4, with a full clinical 
picture of it as follows: out of 42 (84%) patients, 
in two cases competitive diagnosis was viral 
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gastroenteritis (RV and CMV). Skin GVHD grade 
2 or more was diagnosed in 33 (67%) of the 
cases, nine of them a grade 4. Liver symptoms 
presented in 28 of the (58%) patients. Two 
cases were determined as presumably VOD. 
Liver GVHD of grade 2 or more was seen in 24 
patients. In 3 patients liver involvement was 
defined as GVHD grade 4. Overall aGVHD sever-
ity was defined as grade 4 in 39 patients, grade 
3 in 6 patients and grade 2 in 5 patients.

There was a range of treatments used prior to 
the trial with MSC, including, methyl predniso-
lone (MP) in all patients (high dose and/or i.a. 
injections), mycophenolate mofetil (MMF), 
methotrexate (MTX), azathioprine, extracorpo-
real photopheresis (ECP), serotherapy, change 
of calcineurin inhibitors (Table 1). Only five 
patients showed a temporary and not pro-
nounced partial response. 

MSC treatment

Data regarding treatment of GVHD with MSC is 
presented Table 1. The 1st treatment with MSC 
was performed between 11 (hyperacute GVHD) 
and 180 days following BMT (or DLI) (median 
47 days), and between days 1 and 136 (median 
27 days) following diagnosis of acute GVHD. 

In 50 patients we treated 54 separate episodes 
of GVHD. The numbers of treatments varied 
from 1 to 4 and in total 74 treatments were 
performed. 

In two third of the cases (48/74 injections) 
treatment was performed with frozen stocked 
MSC. The remainders of the treatments were 
performed with fresh expanded cells. Three 
patients received both frozen and fresh cells (in 
separate treatments). In 30 cases passage one 
was used for the treatment, in 28 passages 
two, in 12 passage three, and late passages 
(six or seven) where used in one case each. The 
median number of infused cells was 1.0 (from 
0.3 to 3.1, with an average of 1.14±0.47) 
x10E6 per kg of patient body weight in the first 
injection and up to 4.27 (1.70±1.10) x10E6 in 
total. 

An initial response was seen in 33 out of 50 
patients (66%) but complete resolution of 
symptoms was documented in only 17 (34%) of 
them. In 2 cases, after 2 treatments for each 
one, with a complete and a very good partial 
response, we saw recurrence of GVHD. It the 
first case exacerbation was provoked by rotavi-
rus infection and was successfully treated with 
2 other injections of MSC. 

The second of these two patients, after haplo 
BMT, had complete effect from MSC and was 
discharged from the hospital after two treat-
ments with MSC without signs of GVHD (on con-
tinuous medicamentous immunosuppressive 
treatment). Later on, when treatment started 
being tapered down, the patient began to lose 
weight and had severe diarrhea, following 
which, bilirubin and liver enzymes started to 

Figure 1. Digital subtraction angiography (DSA) before (left) and after (right) intra-arterial injection of MSC suspen-
sion into the right hepatic artery; no changes in flow after injection were identified.
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grow. Intensified treatment consisted of ste-
roids, tacrolimus, MMF, ECP, anti-CD25 mono-
clonal antibodies (daclizumab) including i.v. 
injection of 3rd party MSC, but no improvements 
occurred. Twenty-five days later under radiolog-
ical control, MSC suspension was injected both 
into the right and left hepatic arteries (Figure 
1). There was no evidence of microembolization 
due to MSCs suspension infusion-either chang-
es of blood flow after injection (Figure 1) or 
deterioration of liver function tests during con-
secutive days (cytolysis). However, no positive 
clinical or laboratory effects were not noticed 
either and 3 weeks later the patient died from 
liver and then multi-organ failure. Similar intra-
arterial delivery was done for one more patients 
with hepatic and GI GVHD, also without a clear 
response.

Several patients who received MSCs (mostly in 
the beginning of the trial) had extremely severe 
diseases, with very short life expectancy and 
therefore received therapy on a desperate 
basis. Five of them died in less than a week and 
are therefore considered as non-evaluable. 

Survival analysis

Figure 2 presents overall survival and DFS, 
when cause of death was not directly associat-
ed with acute GVHD: in total seven patients 
died from relapse of NHL (1 patient), pulmonary 
aspergillosis with alveolar hemorrhage (2 
patients), septic shock with multiorgan failure 
(2 patients), intracranial bleeding (1 patient), 
and pneumonia (1 patient). All these seven 
patients had complete (n=4) or good partial 
(n=3) response for MSC injection; one at the 

time of death (26 months after HSCT, 25 
months after beginning of aGVHD and 24 
months after treatment with MSC) had residual 
limited chronic GVHD. Therefore, estimated 
DFS at 3.6 years is 56%.

Stratification according to GVHD severity 
showed significantly inferior survival rates in 
patients with severe grade 4 forms of GVHD 
(Figure 3, logrank test p=0.0014, Cox’s univari-
ate analysis HR=4.472, p=0.096).

The stratification of patients according to a 
response is presented in Figure 4, which dem-
onstrates clear differences in 6 months surviv-
al between responders versus not-responders 
(logrank test p=0.000). Comparison of respond-
ers (complete and partial) to non-responders 
shows a statistically significantly greater overall 
GVHD severity (t-test, p=0.031) and liver GVHD 
(p=0.044) as well as earlier GVHD onset 
(p=0.049) and time of MSC treatment from 
BMT (p=0.031). However, there were no signifi-
cant differences in time from GVHD develop-
ment and beginning of treatment with MSC 
(p=0.7) between the two groups of the respond-
ers and non-responders. 

The evaluation of the effect the age is shown in 
Figure 5. The pediatric group (age <18 years) 
demonstrated higher survival rates compare to 
the adult group (logrank test p=0.011, 
univariate Cox’s p=0.006). There was a 
significant difference between pediatric and 
adult groups in the number of infused MSCs 
both total (p=0.009) and at the first treatment 
(p=0.018); they were higher in pediatric 
patients.

Figure 2. Estimated GVHD free survival (DFS) and 
overall survival (OS) for 43 months.

Figure 3. Overall survival is inferior in GVHD patients 
with grade IV compare to grade <IV (II and III) after 
MSC treatment (p=0.0014, logrank test).
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Analysis of additional characteristics of MSC 
treatment demonstrated that the number of 
passage (1st, 2nd or 3rd for the first treatment) is 
not significantly associated either with 
response (chi-square, p=0.206) or OS 
(p=0.137). The number of injections, whether 
one, two or more than that also did not show 
any association with response (p=0.629) and 
OS (p=0.857). We found no negative influence 
of cell freezing on OS and 6 months survival 
(p=0.748). In fact, there was slightly superior 
response rate with the frozen cells (chi-square, 
p=0.046). In addition, there was a shorter peri-
od of time between HSCT and the beginning of 
treatment with MSC in non-responders, (37±20 
vs 57±29 d, t-test p=0.029) which was mainly 
associated with a tendency to the earlier GVHD 
onset in this group (18±10 vs 26±17, p=0.077; 
r=0.59) but not with a slightly shorter time peri-
od between GVHD and the first MSC injection 
(21±16 vs 33±23, p=0.109; r=-0.01: all results 
are in days, cases with onset on after d+100 
after BMT or treatment after d+150, as well as 
patient with NA response were excluded from 
the analysis).

Multivariate analysis

Cox regression multivariate analysis demon-
strated significant independent influence on 6 
months survival of initial response, partial or 
complete (HR 29.4, 95% confidential interval 
(CI) 7.84-110.10, p=0.000), and younger age 
(HR 1.059, 95% CI 1.023-1.097, p=0.001). 
Additional analysis of response predictors 
showed the severity of liver involvement is a 

significant poor predictor (grade from 0 to 4; OR 
2.546, 95% CI 1.132-5.728, p=0.024). A pos-
sible interpretation of this could be the previ-
ously described domination of GI GVHD in the 
vast majority of severe cases. Therefore, addi-
tional liver involvement plays a role as a strong 
independent factor (Table 2). 

Safety

Procedures were safe in the treated group. We 
did not identify any visible side effects of MSCs 
transplantation from any of the 74 procedures 
performed, either immediately or later on. 

Discussion

Herein we present our experience in the treat-
ment of 50 patients with severe steroid-resis-
tant forms of aGVHD with MSC. This is a second 
major series of patients published following the 
presentation of data of European clinical trial in 
2008 [25]. Patients had different basic diseas-
es and underwent different types of transplant. 
Additionally, as shown above, in a group of 
patients suffered from severe aGVHD, we suc-
ceeded in obtaining a positive response to the 
treatment in ⅔ of the cases and reached a 
complete resolution of symptoms in ⅓ of them. 
Recently, Wernicke and co-authors [36] sum-
marized all cases presented in peer reviewed 
publications (14 papers). With addition of a 
paper published in Chinese at 2013 (Zhao et 
al.) [51], the total number of patients presented 
in scientific literature up till now is 205. The 
number of responders (PR+CR) from amongst 
these patients was 73.6% (n=151), which is the 
same as our group 73.3% (n=33, when 5 NA 

Figure 4. Overall survival (6 months) is superior in 
those who demonstrated a response versus nonre-
sponders (p=0.000, logrank test). CR - complete re-
sponse; PR - partial response; NR - no response; NA 
- not evaluable cases.

Figure 5. Overall survival (6 months) is superior in 
pediatric group of patients; p=0.011, logrank test.



MSC for acute GVHD treatment

232	 Am J Blood Res 2013;3(3):225-238

patient are excluded). Very similar results were 
seen in those four papers, where the number of 
treated cases was highest: 73.7% (n=19, ste-
roids refractory chronic GVHD) [23], 70.9% 
(n=55) [25] and 93.5% (n=31) [29] and 72.7% 
(n=22) [51]. To date no prospective randomized 
studies have been published in peer reviewed 
journals.

The only exception from relative similarity of the 
results obtained from academic institutions 
represents a company sponsored study of the 
product Prochymal (Osiris Therapeutics, Inc., 
Columbia, MD, USA). Results were presented 
as a press release and in the abstract form only 
[38, 39], but not as a peer reviewed publication. 
Results of this study were analyzed this year by 
J Galipeau in Cytotherapy Journal [52]. The trial 
was designed as a randomized and placebo 
controlled. This study showed an opposite to 
quoted above publications outcome and did 
not meet the endpoint criteria. The major expla-
nation of negative result offered in Galipeau 
review was a technological one: cell product 
used in Osiris Therapeutics, Inc. trial under-
went during preparation a very high “prolifera-
tive pressure” compare to European studies as 
well as presented here where number of cell 
doses was never extend 10 (in our case 1-5) 
what is 3 logs less then in Osiris product 
(10,000 doses from a single donor) [52]. In 
case of our trial maximal number cells we har-

vested after expansion from a single bone mar-
row collection was 400 x10E6 MSC which was 
enough for 1 to 7 patients (in case of sick chil-
dren lower total MSC number was infused each 
time). We did not find any correlation of used 
passage number with effectiveness (p=0.137 
for passages 1-3 vs. >3), but resent publication 
from Karolinska (Sweden) suggested that treat-
ment with early-passage MSCs improves sur-
vival [53].

Overall, our data confirmed those published by 
other groups. In most of the papers authors 
and experts have expressed a favorable opin-
ion. However there are a few new nuances that 
can be pointed out based on our own data and 
experience.

It is known that steroid resistance in cases of 
GVHD does not respond well to the majority of 
known treatments and that all patients are 
receiving combined therapy consisting of calci-
neurin inhibitors, MMF, a range of monoclonal 
(anti-CD25, anti-CD3, anti-TNF etc.) or poly-
clonal (ATG) antibodies, ECP, etc. As mentioned 
earlier, in the majority of previous cases and 
according to our experience, most, if not all of 
those patients who received MSC treatment 
were given one of several combinations of 
agents in addition to steroids, both prior to, as 
well as during the time of the MSC injections. In 
our series, all patients continued to receive 

Table 2. Multivariate analysis of predictors for (A) overall survival (6 months) and (B) initial response 
(complete or partial) for MSC treatment
A. Cox multivariate analysis of 6 months OS after 1st MSC treatment
Predictor HR 95.0% CI for HR Sig.
Age in years 1.059 1.023-1.097 0.001
Skin GVHD grade (0-4) 0.940 0.618-1.428 0.770
Gut GVHD grade (0-4) 0.950 0.360-2.504 0.917
Liver GVHD grade (0-4) 0.794 0.537-1.174 0.248
Overall GVHD grade (0-4) 1.341 0.182-9.894 0.774
Time to the 1st MSC treatment after HSCT 1.000 0.987-1.013 0.993
Time to the 1st MSC after GVHD onset 0.953 0.905-1.004 0.071
Clinical response for MSC treatment 29.374 7.837-110.100 0.000
B. Response analysis by binary logistic regression
Predictor OR 95.0% CI for OR Sig.
Age in years 1.009 0.951-1.071 0.767
Time to the 1st MSC treatment after BMT 0.914 0.797-1.047 0.195
Skin GVHD grade (0-4) 0.694 0.208-2.314 0.552
Gut GVHD grade (0-4) 0.513 0.103-2.565 0.417
Liver GVHD grade (0-4) 2.546 1.132-5.728 0.024
Number of MSC per kg cells (all treatments) 0.868 0.301-2.502 0.794
1st MSC dose after GvHD onset 1.060 0.925-1.213 0.402
Abbreviations: HR - Hazard Ratio; OR - Odds Ratio; CI - confidential Interval; in bold - significant ones.
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various types of immunosuppressive treat-
ments, and we presume that this happened in 
other series as well, since MSC is not consid-
ered as the first or even the second line of treat-
ment against GVHD. This raises an important 
issue: how to separate the effects of MSC in 
the context of combined immunosuppressive 
therapies, which is often difficult to achieve in 
single patients, since coincidence can never be 
fully excluded (post hoc non ergo propter hoc). 
It is well established that steroid-resistant 
grade 4 aGVHD has an extremely poor progno-
sis with a mortality rate estimated at 80% [54] 
or more. In contrast, data presented here dem-
onstrate much better overall and aGVHD free 
survival (Figure 3). Therefore, the use of MSC in 
complex treatment of aGVHD probably has an 
additional impact which contributes to phe-
nomenological improvement of survival.

It is obvious that MSC injection is not the kind 
of intervention that should cause other treat-
ments to be stopped. Moreover, we would like 
to stress that MSC should be added in addition 
to ongoing complex treatments and that only 
later on medication based immunosuppression 
can be tapered down and stopped. This mes-
sage was not clear until the present although it 
was assumed. On the other hand, if treatment 
with MSC is usually performed when patients 
are loaded with immunosuppressive and anti-
inflammatory medicines the sensitivity of MSC 
to them should be established. There is a grow-
ing amount of information concerning the inter-
action of immunosuppressive agents with 
known/supposed MSC effects/pathways and 
its influence on the final effect. However, this 
information is still fragmented and conflicting 
[22, 55, 56]. Effects can vary and be depen-
dent on concentration of acting agents as well 
as on MSC proportions, T cells activation mod-
els, presence of MФ, inflammation activity etc. 
In vitro [55] and of course in vivo, the effects 
are even more complex. Therefore, since at 
present, MSC effects on cytotoxic T cells and 
their effectiveness in treating aGVHD is becom-
ing more clear-cut, in future studies, additional 
emphasis should be placed on this kind of 
treatment in combined therapies of steroid-
resistant forms of GVHD.

One of the vital questions for clinicians to 
answer is the selection of patients and predic-
tors. Until recently it was shown that acute gas-
trointestinal GVHD responds better than other 

types of GVHD. Because of this opinion, the 
selection of patients in this study was geared 
towards severe gastrointestinal GVHD. This 
selection obviously brought some bias to the 
results and the role and severity of gastrointes-
tinal symptoms was reduced and did not sound 
as significant. On the other hand, we also 
selected other than severe GI GVHD factors 
which could be considered as prognostic ones. 
The severity of liver disease in our group was 
demonstrated as an important factor associat-
ed with a poor response to MSC injections. 
However the presence of a complete or partial 
response in conjunction with a younger age dis-
played an independent association with supe-
rior survival. Multivariate analysis supports the 
earlier impression that these two factors 
appear crucial to OS and GVHD DFS. 

We found that the only significant difference 
between the pediatric and adult patient groups 
was in the number of cells per kg of BW, which 
was higher in the group aged <18 y.o. It must 
be mentioned that the best published results 
were obtained in MD Anderson with a partial 
response rate of 93.5% and a complete 
response rate of 77.4% in a representative 
group of adult patients (n=31) [29]. There are 
two major differences which distinguish the 
presented patient group. Firstly, 68% of 
patients suffered from GVHD grade 2 and only 
9.7% grade 4. Theretofore, the relative condi-
tion of the patients was far less severe in com-
parison to other studies. The second major dif-
ference was the use of higher MSC doses and a 
more intensive regimen: injections at 3 day 
intervals of 2 x10E6 or 8 x10E6 cells per kg. 
There were no significant differences associat-
ed with the use of two doses. Nevertheless, 
each of these doses together is higher than the 
believed empirical working dose of 1 x10E6 
MSC per kg. Tandem injections can play a role 
in better results, as well. Very high doses and 
continuous treatment (from 6 x10E6 to 108 
x10E6 per kg in up to 21 infusions per patient 
in twice weekly or weekly basis) was used in 12 
pediatric patients with a response rate of 100% 
(58% complete); the group was represented by 
patients with grade 3-4 GVHD, treated in differ-
ent hospitals on a compassionate basis [31]. 
Our earlier in vitro data also showed that the 
immunosuppressive effect of hMSC is dose 
dependent [46]. Therefore, in our group differ-
ences in injected MSC doses between children 
and adults can also influence on different suc-
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cess rate in pediatric and adult groups, despite 
it being difficult to prove based on our data.

As a rule, deep immunosuppression, either pri-
mary (e.g., in the event of T cell depleted graft) 
or secondary (due to GVHD itself and anti GVHD 
treatment) leads to infectious complications, 
especially giving rise to opportunistic infec-
tions. In the recent publication of Karlsson et 
al. [57] it was nicely demonstrated how MSC 
has a different effect on alloreactivity in GVHD 
and immune response to viral infections such 
as CMV and EBV. In the group presented here, 
we did not see cases of EBV or CMV reactiva-
tion directly associated with MSC infusion(s). 
According to our knowledge, a breakout of 
opportunistic infections associated with MSC 
treatment was not described in reviewed litera-
ture in any clinical setting. In these terms, ear-
lier introduction of MSC can be more safely 
compared to serotherapy, which usually, 
despite reasonable rates of clinical response, 
does not greatly increase OS, which is mainly 
due to an increasing rate of viral infections 
[58-64].

At present, effects and mechanisms of MSC 
action presented in permanently published 
multiples original articles and reviews. For inhi-
bition of inflammation, MSC can use multiple 
mechanisms. The direct cell-to-cell contact or 
the paracrine regulation is the more studied 
“theory” and is the better understood [65, 66]. 
Ringdent et al., [28] demonstrated the pres-
ence of MSC donor DNA in the target organ 
(intestine). We twice tried to find a trace of MSC 
DNA in situ and did not succeed (data not 
shown). Our preliminary animal (mice) data 
shows that in cases of intravenous transfusion, 
the majority of cells are trapped in the lungs, 
the first parenchymal organ they meet in circu-
lation. Only a few of them (even after pretreat-
ment with nitroprusside) can pass the lung bar-
rier and make their way into different tissues at 
the time when early effects can be already vis-
ible (data not shown). Therefore, we have 
hypothesized that local delivery, by bypassing 
lungs, can augment the effects of MSC. To aug-
ment the topical effects of MSC they can be 
delivered into vessels which supplied damaged 
area. We specifically used the hepatic arteries 
in 2 patients with liver GVHD. Our major cause 
for concern in such cases was relate to the 
MSC size which is several times larger than all 
blood cells and their pronounced adhesive 

properties which cause the formation of agglu-
tinates in several minutes. However, in both 
cases, we did not encounter either changes in 
the macrocirculation seen at digital subtraction 
angiography immediately after injections, or an 
increase in liver enzymes in the following days. 
Unfortunately, we saw no dramatic positive 
effect from such procedures and one of the 2 
patients died soon after the procedure due to 
grade 4 acute GVHD after haploidentical HSCT. 
Similar pilot results were published later in a 
series of 3 patients who received MSC intra-
arterial injections for GI GVHD [33]. One of the 
impressions from in whole 5 described cases is 
that intra-arterial delivery does not demon-
strate advantages in comparison to intrave-
nous delivery. 

In conclusion, MSC demonstrates a clear and 
pronounced effect in the complex treatment of 
severe, steroid-resistant forms of aGVHD and 
can definitely be successfully used to treat it. 
Younger age and initial response predict a bet-
ter prognosis, while presence of liver GVHD was 
associated with an inferior response to MSC. 
MSC might be a safe and effective treatment 
for certain groups of patients with aGVHD who 
do not respond to standard immunosuppres-
sive therapies. Optimal timing, doses and regi-
mens of this treatment as well as extracorpo-
real expansion regimens approaches need to 
be evaluated.
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