
Allogeneic bone marrow transplantation (allo-

BMT) is the only effective therapeutic strategy for curing

many types of hematological disorders including

leukemia [1]. Application of this method is restricted by

severe complications driven by this procedure [2]. Acute

graft-versus-host disease (aGVHD) is one of the main

complications after allo-BMT [3]. It is the response of

donor’s immune system to the recipient’s antigens [4].

With current methods of prophylaxis, 30-40% of patients

develop aGVHD after allo-BMT from HLA-matched

donors [5, 6]. The search for the donor is based on the

match for at least six human leukocyte antigens (HLA).

Stricter criteria would lead to decreased probability of

finding an appropriate donor, so the search for more

effective methods of aGVHD prophylaxis is an important

task for clinicians performing allo-BMT.

Processes leading to the development of aGVHD

begin before allo-BMT. The conditioning regimen

applied prior to allo-BMT for the reduction of tumor

burden, suppression of recipient’s immune system, and
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Abstract—Allogeneic bone marrow transplantation (allo-BMT) is currently the only way to cure many hematoproliferative

disorders. However, allo-BMT use is limited by severe complications, the foremost being graft-versus-host disease (GVHD).

Due to the lack of efficiency of the existing methods of GVHD prophylaxis, new methods are being actively explored,

including the use of donors’ multipotent mesenchymal stromal cells (MMSC). In this work, we analyzed the results of acute

GVHD (aGVHD) prophylaxis by means of MMSC injections after allo-BMT in patients with hematological malignancies.

The study included 77 patients. They were randomized into two groups – those receiving standard prophylaxis of aGVHD

and those who were additionally infused with MMSC derived from the bone marrow of hematopoietic stem cell donors. We

found that the infusion of MMSC halves the incidence of aGVHD and increases the overall survival of patients. Four of 39

MMSC samples were ineffective for preventing aGVHD. Analysis of individual donor characteristics (gender, age, body

mass index) and the MMSC properties of these donors (growth parameters, level of expression of 30 genes involved in pro-

liferation, differentiation, and immunomodulation) revealed no significant difference between the MMSC that were effec-

tive or ineffective for preventing aGVHD. We used multiple logistic regression to establish a combination of features that

characterize the most suitable MMSC samples for the prevention of aGVHD. A model predicting MMSC sample success

for aGVHD prophylaxis was constructed. Significant model parameters were increased relative expression of the FGFR1

gene in combination with reduced expression levels of the PPARG and IGF1 genes. Depending on the chosen margin for

probability of successful application of MMSC, this model correctly predicts the outcome of the use of MMSC in 82-94%

of cases. The proposed model of prospective evaluation of the effectiveness of MMSC samples will enable prevention of the

development of aGVHD in the maximal number of patients.
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prevention of graft rejection also damages the recipient’s

tissues [7]. This leads to activation of monocytes and tis-

sue macrophages that secrete proinflammatory cytokines

such as interleukin 1β (IL-1β) and interleukin 6 (IL-6)

[8-10]. These cytokines activate the donor’s T cells,

which in turn produce interleukin 2 (IL-2) and interferon

γ (IFNγ) [9]. The release of the cytokines stimulates the

expression of adhesion molecules and increases the num-

ber of MHC class 2 molecules presented on the surface of

cells composing different tissues of the recipient [6, 11,

12], and thus favors the development of aGVHD.

Nevertheless, not all physiologic processes that fol-

low allo-BMT lead to aGVHD, and some of them lead to

its suppression [13, 14].

Recently, an increasing number of investigations

addressing the possibility of using multipotent mesenchy-

mal stromal cell (MMSC) infusions for the treatment and

the prophylaxis of aGVHD is emerging. These bone mar-

row stromal cells can be cultivated in vitro. Their distinct

features are the abilities to adhere to the plastic surface

and differentiate upon corresponding induction [15].

MMSC secrete various cytokines, growth factors, and

extracellular matrix molecules [16, 17]. These cells also

have unique immunomodulating capacities [18].

Moreover, MMSC do not induce immune response,

meaning that for clinical applications any donor’s cells

could be used without checking histocompatibility [19,

20]. In vivo studies have demonstrated the possibility of

MMSC application for the prevention of development

and for the treatment of aGVHD. These findings allowed

the application of MMSC in clinical practice for aGVHD

treatment [21-23]. However, the exact mechanism of

their immunomodulating effect is still obscure, and ani-

mal models have not yet provided unambiguous results. A

few studies had shown high efficiency of MMSC for pre-

venting aGVHD [24, 25].

Thus, features of MMSC might solve the main bone

marrow transplantation problem, which is the search for

an effective method for aGVHD prophylaxis.

MATERIALS AND METHODS

Patients. A prospective randomized study was initiat-

ed in October 2008. The study was approved by the Ethics

Committee of the Hematology Research Center, Russian

Ministry of Health. All patients and bone marrow donors

signed informed consent to participate in the study.

To date, the study has included 77 patients, 37

women and 40 men, aged 17 to 63 years (median 34

years), who underwent allo-BMT from HLA-identical

siblings in the Department of High-Dose Chemotherapy,

Depression of Hematopoiesis, and Bone Marrow

Transplantation, Hematology Research Center, in the

period from October 2008 to April 2014. Allo-BMT was

performed for each patient as a stage of leukemia treat-

ment. Myeloablative conditioning that included cyclo-

phosphamide combined with busulfan was administered

to 43 patients. A low-intensity conditioning regimen was

administered to 34 patients in remission and included flu-

darabine, busulfan, and anti-thymocytic globulin.

The patients were randomized into two groups of

equivalent gender and age. Block randomization was per-

formed on the day of allo-BMT. Patients in the first group

received standard prophylaxis of aGVHD, and for a sec-

ond group in addition to the standard prevention of

aGVHD, MMSC derived from the corresponding hema-

topoietic stem cell donor was administered. The MMSC

were infused intravenously at the moment of recovery in

peripheral blood leukocytes to 109/liter. On average, 1.2

(0.9-1.65)·106 MMSC were injected per kilogram of the

patient’s body weight. As standard aGVHD prophylaxis,

patients received cyclosporin combined with methotrex-

ate, and some received mycophenolate mofetil or pred-

nisolone in addition.

Acute GVHD was graded according to internation-

ally accepted criteria [26].

Donors. MMSC were isolated from bone marrow of

77 donors (35 female and 42 male) ranging in age from 13

to 59 years (median 34).

MMSC. MMSC were derived from 25-30 ml of bone

marrow from donors. For separation of mononuclear cells,

the bone marrow was mixed with an equal volume of

alpha-MEM (ICN, USA) containing 0.2% methylcellu-

lose (1500 cP; Sigma-Aldrich, USA). After 40 min, ery-

throcytes and granulocytes had mostly precipitated, while

the mononuclear cells remained in suspension. The upper

fraction (suspension) was collected and centrifuged for

10 min at 450g. The sediment was suspended in cultivation

medium composed of alpha-MEM supplemented with 4%

donor platelet lysate [27], 2 mM L-glutamine (ICN),

100 U/ml penicillin (Ferein, Russia), 50 µg/ml strepto-

mycin (Ferein), and 2 U/ml heparin (Sigma). The cells

were cultured at 27·106 cells per T175 cm2 culture flask

(Corning-Costar, USA). When a confluent monolayer of

cells formed, the cells were washed with 0.02% EDTA

(ICN) in physiologic solution (Sigma-Aldrich) and then

trypsinized (ICN). The cells were then seeded at 4·103 cells

per cm2 of flask area. The cultures were maintained in

hypoxic conditions at 37°C with 5% CO2 and 5% O2 in the

atmosphere. MMSC were harvested in 6% dextran (trade

name “Poliglukin”, produced by public corporation

Biokhimik, Russia) and cryopreserved with 10% dimethyl-

sulfoxide (ROTH, Germany) or diluted to (3-7)·106 cells/

ml of 6% dextran and in such suspension were injected

intravenously to the patients. Cryoconservation did not

affect the immunomodulating properties of MMSC as

demonstrated in the PhD thesis of N. A. Petinati (synopsis

of thesis of N. A. Petinati “Prophylaxis of graft-versus-host

disease for patients with hematological malignancies after

allogeneic bone marrow transplantation with donor multi-

potent mesenchymal stromal cells”, Moscow, 2013).
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The criteria for eligibility of MMSC to be clinically

applied included spindle-shaped morphology, absence of

visible clots, standard immunophenotype [28] for surface

molecules [29], and proven ability to differentiate in vitro

along osteogenic and adipogenic lineages [30].

Estimation of gene relative expression levels in

MMSC. Total RNA was extracted from MMSC by a

standard method with guanidine thiocyanate [31]. cDNA

was synthesized in the reverse transcription reaction using

a mixture of oligo(dT) primers and random hexamers.

The gene expression level was quantified by real-time

quantitative PCR using hydrolysis fluorescent probes

(TaqMan; Thermo Scientific, USA) and a Rotor-Gene

6000 apparatus (Corbett Research, Australia). Gene-spe-

cific primers were designed by the authors and synthe-

sized by Syntol (Russia). All primers and probes can be

provided upon request. The relative gene expression level

was determined by normalizing the expression of each

target gene to that of BACT and GAPDH and was calculat-

ed using the ∆∆Ct method [32] for each MMSC sample.

Analysis of ability of MMSC to inhibit lymphocyte

proliferation. Peripheral blood from healthy donors was

separated on Lymphoprep (density 1.077 g/cm3) (MP

Biomedicals, USA). The resulting mononuclear cell frac-

tion (PBMC) was washed twice with RPMI-1640 medium

without serum and adjusted to concentration 5·107/ml.

Then 3 µM fluorescent dye CFSE (Molecular Probes,

USA) was added to the cells; the cells were incubated

10 min at 37°C and then washed twice in RPMI-1640 with

10% fetal calf serum. Lymphocyte blast transformation

was induced by phytohemagglutinin (PHA). PHA was

added to the cell suspension to final concentration of

5 µg/ml. The PBMC were plated at 2·105 per well in 96-

well plates onto MMSC that had been seeded at concen-

tration 103 cells per well 3 days earlier. PBMC with

MMSC were incubated for 4 days at 37°C under 5% CO2.

PBMC cultured without MMSC were used as controls.

The relative number of proliferating lymphocytes cultured

on MMSC was compared with control samples on day 4

by flow cytometry. Cells were stained with 7-AAD (Sigma)

prior to the analysis. Lymphocytes after blast transforma-

tion were gated using forward and side light scattering.

Dead cells were excluded by 7-AAD staining. Peaks corre-

sponding to proliferating and nonproliferating cells were

determined on the histograms built on the CFSE fluores-

cence channel. The proportion of non-dividing cells cul-

tivated without MMSC was considered to be S. The pro-

portion of non-dividing cells cultivated with MMSC was

considered to be Sm. The ratio of Sm to S reflected the

MMSC-induced inhibition of lymphocyte proliferation.

Statistical analysis. The data in the tables are pre-

sented as mean ± standard error. The data were analyzed

using Student’s t-test for independent samples with

Microsoft Excel software. A logistic regression model for

predicting the success of aGVHD prevention using

MMSC was built in RStudio software (RStudio, Inc.,

USA). To assess the reliability of the model, the Pearson

test for concordance was used. Patient survival was

assessed using the Kaplan–Meier method.

RESULTS

Thirty-nine patients received MMSC for aGVHD

prophylaxis. Cells were injected at the moment of blood

cell reconstitution after allo-BMT (judged by leukocyte

count of 109/liter). This time point was chosen due to the

beginning of active graft growth, which often coincides

with aGVHD manifestation. MMSC were injected after

19-54 days from allo-BMT (median, 28 days). Short-

term fever and chills occurred in most patients during the

first 24 h after MMSC injection. No other complications

were revealed. Observation of the patients for 100 days

(typical time of aGVHD manifestation) revealed two-fold

decrease in aGVHD development in the group of patients

who received MMSC when compared to the standard

prophylaxis group. The results of prophylaxis are present-

ed in Table 1.

The data suggest that MMSC injection did not affect

the engraftment as well as the relapse frequency. However,

the relapse caused death in the group of standard prophy-

laxis more often than in the group receiving MMSC (8 from

Table 1. History of patients depending on type of aGVHD prophylaxis

2nd group

standard aGVHD
prophylaxis + MMSC (n = 39)

4/39 (10.2%)

9/39 (23%)

1/39 (3%)

9/39 (23%)

1st group

standard aGVHD prophylaxis
(n = 38)

8/38 (20.5%)

11/38 (29%)

1/38 (2.6%)

16/38 (42%)

Characteristics of group

aGVHD (grade 2-4), n, %

Relapse frequency, n, %

Transplant rejection, n, %

Lethality, n, %



1366 SHIPOUNOVA et al.

BIOCHEMISTRY  (Moscow)   Vol.  79   No.  12   2014

11 patients (73%) versus 5 from 9 patients (55.5%)).

Another cause of death apart from relapse was septic shock,

which was also more often lethal in the standard prophylax-

is group (data not shown). Therefore, total survival of the

patients was higher in the MMSC receiving group (figure).

Among 39 patients receiving MMSC, four developed

aGVHD grade 2-4. Some characteristics of MMSC

donors are presented in Table 2. Analysis of these charac-

teristics between donors whose MMSC did or did not

prevented aGVHD development revealed no differences.

Notably, cumulative MMSC production was decreased,

though insignificantly, in cultures that proved ineffective

for aGVHD prophylaxis.

Donors’ MMSC that succeeded or failed to prevent

aGVHD were compared for their ability to inhibit lym-

phocyte proliferation. No differences were revealed. The

relative number of nonproliferating lymphocytes was

doubled when compared to the control (lymphocytes cul-

tivated without MMSC) in both groups. In the successful

prophylaxis group the increase was 2.3 ± 0.23, and in the

failed prophylaxis group it was 2.0 ± 0.32 times.

The relative expression levels of some genes regulat-

ing various properties of MMSC (differentiation level,

proliferation, and immunomodulation ability) in the

groups that succeeded or failed in aGVHD prophylaxis

were analyzed. The results are presented in Table 3.

Expression level of the vast majority of analyzed

genes did not differ in these two groups. The only excep-

tions were the FGFR1 and PDGFRb genes.

No universal indicator for prediction of MMSC eli-

gibility for aGVHD prophylaxis was revealed. Therefore,

all the data including donors’ characteristics, MMSC

growth parameters, and relative gene expression level

were analyzed by multiple logistic regression. This result-

ed in the informative combination of three parameters:

relative expression levels of FGFR1, PPARG, and IGF1

genes. The logistic regression equation was as follows:

logit(P) = 0.75 + 10.897·FGFR1 –

– 4.272·PPARG – 2.014·IGF1,                 (1)

where logit(P) = ln[P/(1 – P)], P is probability of suc-

cessful prophylaxis, and FGFR1, PPARG, and IGF1 are

relative expression levels of the named genes in the tested

sample. To assess the reliability of the model, the Pearson

test for concordance was used, and p = 0.0053 was

obtained. The calculated efficiency of this model was

94%. Addition of any other parameter to this model led to

decrease in efficiency of the model. All MMSC samples

previously used for aGVHD prophylaxis were analyzed by

this model. Probability of successful prophylaxis was cal-

culated as follows:

P = (e0,75 + 10,897 · FGFR1 – 4,272 · PPARG – 2,014 · IGF1)/

/(1 + e0,75 + 10,897 · FGFR1 – 4,272 · PPARG – 2,014 · IGF1) .  (2)

Calculated probabilities (P) for each MMSC sample

are listed in Table 4. The average calculated probability of

success in the group of successful prophylaxis was 0.94,

while in the group of failed prophylaxis it was 0.45. Thus,

the combination of elevated relative expression level of

FGFR1 with decreased levels of expression of PPARG and

IGF1 could be considered favorable for using such

MMSC sample for aGVHD prophylaxis.

DISCUSSION

In this study, we attempted to evaluate the ability of

MMSC from different healthy donors to prevent the devel-

opment of aGVHD. This has both theoretical and practical

value. MMSC have been used for the treatment of aGVHD

for a few years now, and the efficiency of this therapy is

ambiguous. There was no improvement in the patient’s

Total survival of patients (either subject or not to aGVHD
prophylaxis with MMSC after allo-BMT)

+MMSC

0.2

0 10 20 30 40 50

Time after allo-BMT, months

S
u

rv
iv

a
l 

s
h

a
re

1

0.8

0.6

0.4

60

–MMSC

Parameter

Donor age

Donor body mass index

Time of MMSC growth 
until P0, days

Total MMSC production
over three passages, ×106

no

36.48 ± 2.64

25.81 ± 1.1

13.55 ± 0.45

9.03 ± 2.78

yes

39.00 ± 9.21

25.97 ± 2.38

12.67 ± 1.9

4.90 ± 0.98

Table 2. Comparison of some characteristics of donors

and MMSC obtained from bone marrow of those donors

depending on success of aGVHD prophylaxis

aGVHD
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condition in some cases [22, 23, 33]. No attempt to predict

the quality of the MMSC sample resulted in an unambigu-

ous result so far. Most protocols for aGVHD treatment with

MMSC use cells derived from the bone marrow of a third

donor (https://clinicaltrials.gov). However, because there is

still no adequate criteria, preliminary evaluation of the

quality of such samples is impossible.

The protocol investigating the efficiency of aGVHD

prophylaxis with MMSC was initiated in the National

Hematological Scientific Center, Ministry of Health,

Moscow, Russia (https://clinicaltrials.gov, ID –

NCT01941394). Currently it is a single randomized trial,

and its preliminary results have demonstrated high effi-

ciency of MMSC infusion for aGVHD prophylaxis [25].

According to the protocol, each patient was injected with

MMSC samples derived from exactly the same donor’s

bone marrow used for the allo-BMT to that patient. The

MMSC infusion was performed at the moment of activa-

tion of the donor’s hematopoiesis, when peripheral blood

leukocyte count reached 1000 cells/µl. Thus, at the

moment of MMSC injection the hematopoietic system of

each patient was in a similar state regardless of the diag-

nosis, conditioning regime, and immunosuppression

therapy. Patients were randomly assigned to the two

groups: in the first group, they received standard aGVHD

prophylaxis; in the second group, they additionally

received one injection of MMSC. Among 39 patients who

received MMSC, four developed aGVHD grades 2-4

(10.2%); in the standard prophylaxis group, eight of 38

developed aGVHD of the same grades (21.1%).

According to the published data, the frequency of

Genes

BMP-4

IL6

CFH

IDO1

PTGES

CSF1

LGALS1

JAG1

FGFR1

FGFR2

SPP1

PPARG

PDGFRa

PDGFRb

IL1b

IL1R1

SOX9

IL8

SDF1

VEGF

FGF2

TGFB1

TGFB2

ICAM1

IGF1

LIF

no

1.10 ± 0.24

8.28 ± 4.66

1.03 ± 0.29

1.36 ± 0.4

2.61 ± 0.81

0.90 ± 0.16

1.30 ± 0.1

1.56 ± 0.34

0.74 ± 0.09

1.66 ± 0.34

0.79 ± 0.37

0.44 ± 0.1

1.14 ± 0.21

1.15 ± 0.17

3.61 ± 2.18

1.17 ± 0.21

2.34 ± 0.35

22.63 ± 13.8

1.24 ± 0.24

3.15 ± 0.53

5.31 ± 1.73

0.92 ± 0.12

2.02 ± 0.57

0.58 ± 0.18

0.21 ± 0.09

0.92 ± 0.32

yes

0.74 ± 0.09

9.57 ± 4.54

2.64 ± 1.16

5.80 ± 4.34

5.00 ± 2.46

1.22 ± 0.61

1.62 ± 0.43

0.95 ± 0.39

0.33 ± 0.08*

0.95 ± 0.28

0.58 ± 0.3

0.93 ± 0.45

1.01 ± 0.26

0.46 ± 0.23**

23.26 ± 22.8

1.87 ± 0.48

1.98 ± 0.52

36.80 ± 30.14

1.64 ± 1.03

2.80 ± 0.08

4.17 ± 0.34

0.97 ± 0.25

2.74 ± 0.45

0.27 ± 0.13

0.51 ± 0.25

1.04 ± 0.37

Table 3. Relative level of gene expression in donor

MMSC

aGVHD

Note: Significant differences at * p = 0.005 and ** p = 0.048.

donor No.

72

74

76

78

79

81

83

86

88

89

91

92

98

99

103

105

107

109

110

114

118

122

123

124

125

132

134

140

141

р

0.74

0.95

1.00

0.72

1.00

1.00

0.95

1.00

1.00

1.00

1.00

1.00

1.00

0.99

1.00

0.99

0.98

1.00

1.00

1.00

1.00

0.98

1.00

1.00

1.00

0.81

0.61

0.77

0.66

р

0.02

0.77

0.85

0.18

donor No.

101

119

130

152

Table 4. Calculated probability of successful aGVHD

prophylaxis with given MMSC samples

aGVHD

no yes
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aGVHD after allo-BMT is 30-40% [34, 35]. In our inves-

tigation, the frequency is lower than usual, probably due

to the insufficiently large number of patients included in

the protocol so far. Nevertheless, two-fold decrease in the

aGVHD frequency after MMSC injection is an important

and significant achievement in the treatment of patients

after allo-BMT, which led to significant improvement in

the patients’ survival.

Any transplantation apart from the one from an

identical twin supposes differences in a large number of

histocompatibility antigens. Donor selection is based on

the six basic HLA genes. Bone marrow could be trans-

planted from related, unrelated, or even a haploidentical

donor. Frequently bone marrow transplantation is the

only way to cure the patient, thus any acceptable donor is

used. The functionality of the graft as well as the proba-

bility of developing aGVHD depends on multiple factors;

some of them are still unknown and could not be taken

into consideration. Obviously, the cohort of patients is

not homogeneous in potential for aGVHD development.

It is impossible to take into account individual differences

between the patients now, as mechanisms of development

of aGVHD are still obscure.

To find the crucial differences in MMSC that failed

to prevent aGVHD, the donors’ characteristics (gender,

age, body mass index), the features of MMSC from those

donors (growth parameters, levels of the expression of

genes regulating the proliferation, differentiation, and

immunomodulation) were analyzed. The analysis of most

of these parameters did not reveal any significant differ-

ences. A tendency to decrease in cumulative MMSC cell

production in the group with ineffective prophylaxis was

noted. It was combined with a significant decrease in

expression of receptors to growth factors FGF2 and

PDGFb. The level of expression of the genes coding the

immunomodulating factors did not differ in the two

groups of MMSC. The main mechanism of MMSC inhi-

bition of immune response is the secretion of IL6, CFH,

IDO1, PTGES, CSF1, LGALS1, and other factors [18].

The MMSC samples did not differ at the level mRNA

encoding these factors, but the protein production might

be different and this was not analyzed in this study. As no

straightforward comparison revealed the differences

between effective and ineffective in aGVHD prophylaxis

MMSC samples, all parameters were analyzed by the

multiple logistic regression method. This statistic tech-

nique revealed the informative combination of FGFR1,

PPARG, and IGF1 gene expression levels. Elevation of

IGF1 expression level is known to occur in stromal cells of

old animals [36]. Decrease in expression level of the

receptor for the basic fibroblast growth factor (FGFR1)

combined with increase in the expression levels of differ-

entiation (PPARG) and aging (IGF1) markers indicates

that the MMSC that failed to prevent aGVHD comprise

a population with dominating mature cells. MMSC were

shown to be a heterogeneous population consisting of

cells with different levels of maturation [16, 37].

Obviously, a more mature MMSC population prevents

aGVHD less effectively, and the action mechanism does

not involve the immunomodulating factors studied in this

work and the ability to inhibit lymphocyte proliferation.

Based on the multiple logistic regression model, the out-

come of the aGVHD prophylaxis was retrospectively con-

firmed in 94% of the cases. The outcome of the prophy-

laxis was considered positive if its calculated P was more

than 0.5. With such conditions, all effective cases were

indeed described as positive; however, in two out of four

ineffective cases false positive result was observed. The

occurrence of false positive results in practice could lead

to the inclusion of improper MMSC samples. To avoid

this, the margin allowing level of P was elevated to 0.95.

With this condition, all MMSC samples that failed to pre-

vent aGVHD were correctly defined as negative by the

model. However, this allowance led to the occurrence of

false negative results in the effective MMSC group. Six of

29 MMSC samples that successfully prevented aGVHD

were defined as negative by the model (the calculated P

was lower than 0.95). According to international statis-

tics, aGVHD does not occur in 60% of patients inde-

pendently of the prophylaxis method. That is why one

cannot be sure that those MMSC samples defined as neg-

ative by the model indeed prevented aGVHD. Use of

more stringent criteria seems to be appropriate. Such rig-

orous approach to the validation of potentially successful

in aGVHD prophylaxis MMSC samples allows creating

an MMSC bank with the most appropriate for prophylax-

is samples. Those chosen samples could also be used for

patients whose donor’s MMSC did not fit the applied cri-

teria for efficiency of aGVHD prophylaxis.

Therefore, for the first time a model for prospective

evaluation of MMSC sample efficiency in aGVHD pro-

phylaxis after allo-BMT is proposed. This model stands at

the beginning of a long study of the mechanisms of

immune response inhibition by MMSC. Obviously, there

are other factors affecting the efficiency of this inhibition

that remain unknown. Identification of these factors and

their inclusion into the new model will increase its speci-

ficity and help to prevent aGVHD in the maximum num-

ber of patients.
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