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Since the discovery of the immunomodulation property of 
mesenchymal stem cells (MSCs) about a decade ago, it has 
been extensively investigated whether MSCs can be used 
for the treatment of immune-related diseases, such as graft- 
versus-host disease (GvHD). However, how to evaluate the 
efficacy of human MSCs for the clinical trial is still unclear. 
We used an MHC-mismatched model of GvHD (B6 into 
BALB/c). Surprisingly, the administration of the human 
MSCs (hMSCs) could reduce the GvHD-related mortality of 
the mouse recipients and xenogeneically inhibit mouse T-cell 
proliferation and IFN-γ production in vitro. We recently es-
tablished a new protocol for the isolation of a homogeneous 
population of MSCs called subfractionation culturing meth-
ods (SCM), and established a library of clonal MSC lines. 
Therefore, we also investigated whether MSCs isolated by 
the conventional gradient centrifugation method (GCM) and 
SCM show different efficacy in vivo. Intriguingly, clonal 
hMSCs (hcMSCs) isolated by SCM showed better efficacy 
than hMSCs isolated by GCM. Based on these results, the 
MHC-mismatched model of GvHD may be useful for evaluat-
ing the efficacy of human MSCs before the clinical trial. The 
results of this study suggest that different MSC lines may 
show different efficacy in vivo and in vitro.
[Immune Network 2013;13(4):133-140]

INTRODUCTION

Graft-versus-host disease (GvHD) is a potentially life-threat-

ening complication of allogeneic hematopoietic cell trans-

plantation (HCT), in which donor lymphocytes destroy host 

organs. Glucocorticoids, such as prednisone, are the standard 

care of acute and chronic GvHD, with a response rate of 30∼

50% (1,2). However, the outcome of patients with severe ste-

roid refractory GvHD is poor (3). Recently, several antibodies 

have been tried for the treatment of steroid refractory GvHD, 

but the outcome is still limited (4,5). Therefore, more effec-

tive treatments are needed for steroid-refractory GvHD. 

Mesenchymal stem cells (MSCs) are present in almost all 

adult tissues and organs, such as bone marrow (BM), adipose 

tissues, umbilical cord blood, adult muscle, corneal stroma, 

or the dental pulp of teeth (6,7). MSCs possess multi-lineage 

differentiation into osteoblasts, chondrocytes, adipocytes, and 

neural cells and cannot serve as effective antigen-presenting 

cells to promote immune responses because of lacking major 

histocompatibility complex II (MHC II) expression (6,8). In 

addition, MSCs show immunomodulatory and anti-inflamma-

tory effects on various activated lymphoid cells, including T 
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cells, B cells, natural killer cells, and dendritic cells (9-13). 

Although the molecular mechanism of the immunosuppre-

ssive effects of MSCs is not completely understood, it has 

been extensively investigated whether MSCs can be used for 

cell-based therapy in immune-related diseases such as ste-

roid-refractory GvHD (14-16). Le Blanc et al. (15) showed 

that MSCs reduce incidence of GvHD after allogeneic HCT 

in phase 2 study. However, another clinical trial failed to 

demonstrate MSC efficacy in phase 3. There was a statistical 

improvement over placebo in patients with GI and liver 

GvHD, but the other group of GvHD patients showed no im-

provement after MSC treatment (17). In this point, one of the 

important factors to consider is that all MSCs isolated from 

different adult donors are not identical. 

Autologous cells are generally preferred to allogeneic or 

xenogeneic cells for transplantation due to concerns regard-

ing immunosafety and disease transmission. Several studies 

have reported that xenogeneic MSCs can be used as cell ther-

apy for disease treatment. Human MSCs (hMSCs) were used 

for cartilage repair in pigs or rabbits and for stroke treatment 

in a rat model (18-20). Bruck et al. (21) tested in vivo efficacy 

of hMSCs using a humanized GvHD mouse model (hMSCs 

into NOD/SCID). However, humanized mouse modeling was 

not simple because human PBMC should be freshly prepared 

for each experiment. In addition, injection of human BM-de-

rived MSCs did not prevent xenogeneic GvHD in a human-

ized mouse model (21). To find a method evaluating the in 

vivo efficacy of hMSCs before clinical trial will be useful for 

successful treatment of GvHD patients.

Previously, we established a new isolation method for clo-

nal hMSC (hcMSCs) lines, which is called the subfractionation 

culturing method (SCM) (22). We showed that different 

hcMSC lines exhibit a different in vitro immunomodulatory 

property although they were isolated from the same mouse 

BM and showed the same cell surface marker expression (23).

We investigated whether in vivo xenogeneic efficacy of 

BM-derived MSC lines, isolated by either GCM or SCM, can 

be evaluated using the MHC-mismatched mouse GVHD mod-

el system and whether the MSC lines show different in vivo 

efficacy in the regulation of GVHD.

MATERIALS AND METHODS

Mice
C57BL/6J (B6) and Balb/c were purchased from Central Lab 

Animal Inc. (Seoul, Korea). Five-week-old C57BL/6J (B6) fe-

male mice were used as donors of BM and splenocytes. 

Ten-week-old BALB/c male mice were used as recipients. All 

mice were maintained under specific pathogen-free condi-

tions.

Reagents
Anti-CD3 (2C11), anti-CD28 (37.451), IFN-γ ELISA kit, and re-

combinant mouse and human IFN-γ and TNF-α were pur-

chased from BD Bioscience (Franklin Lakes, NJ, USA).

Characterization of MSCs
MSCs were characterized by flow cytometry according to the 

cell surface antigens and the differentiation potential into adi-

pocytes, chondrocytes, and osteocytes (22,23). Used cell sur-

face antibodies for mouse: anti-CD34 (RAM34), CD44 (IM7), 

CD45 (30F11), CD73 (TY/11.8), CD105 (FAB1320F), CD117 

(2B8), MHC II (2G9), Sca-1 (D7). Used cell surface antibodies 

for human: anti-CD34 (581), CD44 (Bu52), CD45 (2D1), CD73 

(AD2), CD90 (5E10), CD105 (266), CD117 (104D2), MHC II 

(G466). 

MSC isolation and culture
Mouse MSC lines (mcMSC2, mcMSC2, and mcMSC3) were iso-

lated from BM of C3H/HeN. All human MSC lines were iso-

lated from BM of different healthy donors. Using conven-

tional isolation method (GCM for gradient centrifugation 

method), hMSC1, hMSC3, hMSC4, and hMSC6 were isolated 

from 4 different donors. MSCs named by hcMSC1, hcMSC2, 

hcMSC4, hcMSC5, and hcMSC6, were isolated from 5 different 

donors according to SCM (22). The hMSC6 and hcMSC6 were 

isolated from BM of a single donor by GCM and SCM, res-

pectively. All MSCs were cultured with low glucose-DMEM 

supplemented with 20% FBS and 1% penicillin/streptomycin. 

Human MSCs of passage 5 to 13 were used in this study. 

GvHD induction and MSC injection
Recipient mice were irradiated in a dose of 8.5 Gy from 4MV 

LINAC (Siemens, Berlin, Germany). BM and spleen cells from 

B6 female mice were injected 24 hours after the irradiation. 

BM cells were flushed from the femur and tibia of each donor 

mouse with phosphate-buffered saline (PBS). A single-cell 

suspension of donor BM and splenocytes was filtered through 

a sterile nylon mesh, washed, and resuspended in PBS. Then, 

5×106 BM cells and 5×106 splenocytes were admixed in PBS 

and injected intravenously in a volume of 200μl into the lat-

eral tail vein. One and three days later, 5×10
5
 MSCs were 
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Figure 1. In vivo efficacy model for MSC. (A) BALB/c mice were irradia-
ted in a dose of 8.5 Gy. Twenty-four hours after irradiation, 5×106

BM and 5×106 spleen cells from B6 female mice were injected. On
days 1 and 3 after transplantation, 5×105 MSCs were injected 
intravenously. (B) Survival rates were monitored. (C) Lymphocytes from 
the spleen and lymph node were stimulated with anti-CD3 and 
anti-CD28 antibodies in the presence or absence of mcMSC1, and 
mcMSC1 was co-cultured with lymphocytes at a ratio of 1：20 or 1：
100 (MSCs: lymphocytes). T cell proliferation and IFN-γ production 
were measured by [3H]-thymidine incorporation and ELISA, respecti-
vely. T cell proliferation and IFN-γassays were repeated three times 
and similar results were obtained. L, lymphocytes; M, MSCs; BM, bone
marrow, ***p＜0.005, *p＜0.05.

injected intravenously and survival rates, weight, clinical 

symptoms, and immune cells in blood were monitored. 

Kaplan-Meier analyses were used to the statistical significance 

of survival curves and p-value was described in the results.

T-cell proliferation and IFN-γ ELISA. 
Human peripheral blood mononuclear cells (PBMCs) were 

isolated from 2 healthy donors, and 1×105 PBMCs of each 

donor were co-cultured in a flat bottom 96-well plate for 

mixed lymphocyte reaction (MLR). To investigate the effect 

of hcMSCs on T-cell proliferation, an indicated cell number 

of hcMSCs were co-cultured with PBMCs for 5 days, e.g. at 

a ratio of 1：20 or 1：100 means that 2,000, 4,000, 104, or 

4×104 MSCs were co-cultured with 2×105 PBMCs. Also, 

2×10
5
 PBMCs were stimulated with 1μg/ml PHA for 3 days. 

Mouse splenocytes were isolated from B6 and BALB/c mice, 

and 1×105 splenocytes of each mouse were co-cultured for 

MLR. Then, 2×10
5
 splenocytes were stimulated with 1μg/ml 

anti-CD3 and anti-CD28 antibodies in a flat bottom 96-well 

plate for 3 days. 1μCi 
3
H was added during the last 16 h 

of culture and the T-cell proliferation was determined by thy-

midine incorporation. In the presence or absence of indicated 

MSCs, 1×106 PBMCs or mouse splenocytes were stimulated 

with either 1μg/ml PHA or 1μg/ml anti-CD3 and anti-CD28 

antibodies, respectively. After 48 h, supernatants were col-

lected for IFN-γ ELISA. Student’s t tests were used to de-

termine statistical significance (SigmaPlot software, SPSS Inc., 

Chicago, USA). p-value was described in the results.

RT-PCR
To examine whether human MSCs increase the expression of 

indoleamine 2, 3-dioxygenase (IDO), TGF-β and GAPDH in 

the presence of mouse recombinant cytokines, 1×10
6
 hMSCs 

were cultured with either mouse or human recombinant IFN-γ 

(20 ng/ml) and TNF-α (10 ng/ml) in a 10-cm-diameter dish. 

After 24 h, RNA was isolated 2μg of RNA was converted into 

cDNA using QuantiTect Reverse Transcription Kit (Qiagen, 

USA). Using PCR Premix kit, PCR was performed with follow-

ing primers (Bioneer, Korea): IDO (F 5'-CGC TGT TGG AAA 

TAG CTT C-3' and R 5'-CAG GAC GTC AAA GCA CTG AA-3'), 

TGF-β(F 5'-CAG ATC CTG TCC AAG CTG-3' and R 5'-TCG GAG 

CTC TGA TGT GTT-3'), and GAPDH (F 5'-CCA CTG GCG TCT 

TCA CCA C-3' and R 5'-CCT GCT TCA CCA CCT TCT TG-3').

RESULTS

in vivo efficacy of two different mouse MSC lines
Several important factors, including the time point of MSCs 

injection, the infusion number of MSCs, the source of MSCs, 

and the GvHD animal model, should be considered for the 

successful prevention of GvHD. In order to establish a reli-

able protocol for GvHD prevention, we tested well-estab-

lished an MHC-mismatched mouse GvHD (B6 into BALB/c) 

model (Fig. 1A). First, we attempted to determine the efficacy 

of MSCs in a GvHD mouse model by applying mouse clonal 

MSCs (mcMSC), named mcMSC1. The GvHD-induced mice 



Regulation of GvHD by Different MSC Lines
Hyun Seung Yoo, et al.

136 IMMUNE NETWORK Vol. 13, No. 4: 133-140, August, 2013

Figure 2. Different in vivo efficacy of mouse cMSC lines. (A) The 
mcMSC2 and mcMSC3 isolated from BM of C3H/HeN mice were 
introduced into the GvHD mice. The percentage of survival was plotted.
The weight changes of the BALB/c recipients were measured over the 
experiment period. (B) Both MSC lines were co-cultured with 
lymphocytes in vitro which were stimulated with anti-CD3 and 
anti-CD28 antibodies. Mouse T-cell proliferation and IFN-γ pro-
duction were measured by [3H]-thymidine incorporation and ELISA, res-
pectively. T cell proliferation and IFN-γassays were repeated three 
times and similar results were obtained. ***p＜0.005, *p＜0.05.

Figure 3. In vivo efficacy of human cMSCs. (A) The hcMSC1 isolated
from the BM of healthy donors were injected into the GvHD mice. 
The percentage of survival was plotted. (B) PBMCs from 2 different 
donors were co-cultured with hcMSC1 in indicated doses for 5 days.
Human T-cell proliferation was measured by [3H]-thymidine 
incorporation. PBMC were stimulated with PHA for 48 h in the 
presence of hcMSC1, and IFN-γproduction were measured in culture
media by ELISA. (C) The hcMSC1 were co-cultured with lymphocytes
from 2 different mouse strains for 5 days. Mouse T-cell proliferation was
measured by [3H]-thymidine incorporation. BALB/c lymphocytes were
stimulated with anti-CD3 and anti- CD28 antibodies for 48 h in the 
presence of hcMSC1, and IFN-γproduction were measured in culture 
media by ELISA. T cell proliferation and IFN-γassays were repeated
twice. (D) The hcMSC1 and hMSC1 were stimulated either mouse or 
human recombinant IFN-γ and TNF-α for 24 h, and the mRNA 
expressions of human IDO, TGF-β, and GAPDH were measured by 
RT-PCR. *p＜0.05, **p＜0.01.

were intravenously infused with 5×10
5
 mcMSC1 twice at a 

1-day interval, and mcMSC1 significantly reduced allogeneic 

GvHD mortality (p=0.001) (Fig. 1B). The mcMSC1 inhibited 

T-cell proliferation and IFN-γ production in vitro (Fig. 1C). 

We isolated two other mcMSC lines from BM of C3H/HeN 

mice and tested whether both mcMSC lines showed the same 

in vivo efficacy. Intriguingly, GvHD development was pre-

vented by mcMSC3 (p=0.003) but not by mcMSC2 (p=0.897) 

(Fig. 2A), although both lines significantly inhibited T-cell 

proliferation and IFN-γ production in vitro (Fig. 2B). These 

results suggest that in vitro immunomodulatory activity is not 

a good indicator to predict in vivo efficacy.

hcMSCs successfully reduce mouse allogeneic GvHD- 
related mortality
It has been reported that adult stem cells do not induce im-

munoreactivity even to xenografts (19,24,25). Previously, we 

showed that hcMSCs fail to reduce mouse allogeneic GvHD- 

related mortality in an MHC-matched GvHD model (B6 into 

BALB/b) (26). Surprisingly, hcMSC1 successfully reduced the 

GvHD-related mortality (p=0.005) in MHC-mismatched model 

of GvHD (B6 into BALB/c) (Fig. 3A). The hcMSC1 inhibited 
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Figure 4. In vivo efficacy of human MSC lines isolated from different donors. (A) The hMSC3 and hcMSC4 isolated from the BM of 2 different 
donors by GCM and SCM, respectively, were injected into the GvHD mice. The percentage of survival was plotted. (B) Both human MSCs 
were co-cultured with lymphocytes from 2 different mouse strains for 5 days. Mouse T-cell proliferation was measured by [3H]-thymidine 
incorporation. (C) The hMSC1 and hcMSC2 isolated from BM of 2 other donors by GCM and SCM, respectively, were injected into the GvHD 
mice. The percentage of survival was plotted. (D) PBMCs from 2 different donors were co-cultured with hMSC1 or hcMSC2 in indicated doses 
for 5 days. Human T-cell proliferation was measured by [3H]-thymidine incorporation. (E) The hMSC1 or hcMSC2 were co-cultured with 
lymphocytes from 2 different mouse strains for 5 days. BALB/c lymphocytes were stimulated with anti-CD3 and anti-CD28 antibodies for 3 days 
in the presence of either hMSC1 or hcMSC2. Mouse T-cell proliferation was measured by [3H]-thymidine incorporation. T cell proliferation assays 
were repeated twice and similar results were obtained. *p＜0.05, **p＜0.01

human T-cell proliferation and IFN-γ production in a 

dose-dependent manner (Fig. 3B). To examine how xen-

ogeneic hcMSC1 can prevent the mouse GvHD-induced mor-

tality, we next investigated whether hcMSCs can suppress 

mouse T cell proliferation and IFN-γ production in vitro. The 

hcMSC1 suppressed the mouse allogeneic MLR and IFN-γ 

production when mouse T cells were stimulated with an-

ti-CD3 and anti-CD28 antibodies (Fig. 3C).

It has been suggested that the immunosuppressive effect 

exerted by MSCs requires prestimulation by proinflammatory 

cytokines, such as IFN-γ and TNF-α (27,28). These cytokines 

can activate MSCs to produce nitric oxide (NO), IDO, and 

chemokines which can recruit T cells and suppress them lo-

cally (29,30). Therefore, we investigated whether mouse or 

human cytokines activate hcMSC1. As shown in Fig. 3D, 

mouse cytokines, such as IFN-γ and TNF-α, did not induce 

IDO expression in 2 different hcMSC lines, although human 

cytokines strongly induced IDO expression (Fig. 3D). The 

production of TGF-β by hcMSCs was constitutively main-

tained even after the treatment with IFN-γ and TNF-α of both 

species. These results were consistent with our previous data 

(26), implying that hMSCs generally do not respond to mouse 

IFN-γ and TNF-α. Collectively, hcMSCs which can inhibit 

mouse T-cell proliferation and IFN-γ production are likely to 

alleviate mouse allogeneic GvHD. Mouse IFN-γ and TNF-α 

may not be involved in the immunomodulatory effects of hu-

man MSCs in xenogeneic mouse hosts.

MSCs isolated by different methods regulate GvHD 
differently
As mentioned above, we newly established MSC isolation 

method called SCM to successfully isolate clonal stem cells 

(22,23). We examined whether MSCs isolated by different 

methods exhibit a different in vivo immunomodulatory acti-
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Figure 5. In vivo efficacy of human MSC lines isolated from a single 
donor. (A) The hMSC6 and hcMSC6 isolated from the BM of a single
donor by GCM and SCM, respectively, were injected into the GvHD
mice. The percentage of survival was plotted. (B) PBMCs were stimula-
ted with PHA for 3 days in the presence of either hMSC6 or hcMSC6.
Human T-cell proliferation was measured by [3H]-thymidine incor-
poration. (C) BALB/c lymphocytes were stimulated with anti-CD3 and
anti-CD28 antibodies for 48 h in the presence of either hMSC6 or 
hcMSC6. IFN-γproductions were measured in culture media by 
ELISA. T cell proliferation and IFN-γassays were repeated twice and
similar results were obtained. *p＜0.05, ***p＜0.005

vity. MHC-mismatched GvHD (B6 into BALB/c) mice were 

intravenously infused with hMSC3 and hcMSC4, which were 

isolated from 2 different donors by GCM and SCM, res-

pectively. Both MSC lines significantly inhibited mouse T-cell 

proliferation in vitro. The hMSC3 (p=0.032) alleviated the 

GvHD, whereas hcMSC4 (p=0.329) did not show statistically 

significance. To make sure, we repeated the experiments us-

ing other MSC lines isolated from different donors. GvHD-re-

lated death was rather delayed by SCM-isolated hcMSC2 

(p=0.014) but not by GCM-isolated hMSC1 (p=0.124) (Fig. 

4C). Both MSC lines inhibited human T-cell proliferation (Fig. 

4D). On the other hand, hcMSC2 significantly inhibited mouse 

T-cell proliferation, whereas hMSC1 did not (Fig. 4E). These 

results suggest that MSC efficacy in GvHD treatment may be 

donor-dependent. To obtain further evidence, we next iso-

lated MSCs according to different methods from a single do-

nor and injected into GvHD mice. The hcMSC6 (p=0.005) iso-

lated by SCM alleviated GvHD more potently than hMSC6 

(p=0.469) isolated by GCM (Fig. 5A). Both MSC lines in-

hibited human T-cell proliferation. However, mouse IFN-γ 

production was significantly inhibited by hcMSC6 but not by 

hMSC6 (Fig. 5B). Thus, MSC efficacy may differ according to 

donors and/or to MSC lines of the same donor.

DISCUSSION

In this study, we evaluated the efficacy of human BM-derived 

MSCs in xenogeneic GVHD. We found that hcMSCs showing 

suppressive effects on both human and mouse T-cell pro-

liferation and IFN-γ production in vitro did alleviate an 

MHC-mismatched model of GvHD (B6 into BALB/c). Using 

this model, we revealed, for the first time, that different MSC 

lines show different in vivo efficacy. 

A number of studies have analyzed the ability of MSCs to 

prevent GvHD in mice (31). However, the results were 

controversial. A study showed that in an MHC-mismatched 

GvHD (B6 into BALB/c), B6 BM-derived MSCs infused on day 

0 did not decrease in vivo T-cell activation and failed to de-

crease GvHD incidence or severity, although these MSCs 

strongly inhibited T-cell proliferation in vitro (32). Another 

study showed that BALB/c BM-derived MSCs infused on day 

0 failed to decrease GvHD incidence or severity in a BALB/c 

(H-2
d/d

) into B6 (H-2
b/b

) GvHD model, whereas MSCs given 

either on day 2 or on day 20 after BM transplantation im-

proved survival and decreased GvHD symptoms (33). In ad-

dition, adipocyte-derived MSCs (Ad-MSCs) from B6D2F1 mice 

given on days 0, 7, and 14 after BM transplantation improved 

survival and decreased GvHD in an MHC-haploidentical mod-

el (B6 (H-2
b/b

) into B6D2F1 (H-2
b/d

)). However, AdMSCs giv-

en on days 14, 21, and 28 failed to prevent GvHD mortality 

(34). All results demonstrated that timing, the number of MSC 

infusions, the source of MSCs, and the GvHD mouse model 

play important roles in GvHD prevention. Using the MHC- 

mismatched model of GvHD (B6 into BALB/c), BM-MSCs 

could not alleviate GvHD when we injected MSCs once on 

day 1 after BM transplantation (data not shown). Multiple in-

jections of MSCs on days 1 and 3 significantly improved 

GvHD. Nonetheless, MSCs appeared to just prolong survival 

but fail to cure GvHD. MSCs should be injected more than 

twice to improve the survival rate when injected 5×105 MSCs. 

It has recently been published that placenta-derived MSCs 

(PD-MSCs) control GvHD in an MHC-mismatched GvHD 

model (B6 into BALB/c) (35). Mice receiving PD-MSCs on 

day 0 after BM transplantation showed significantly increased 

survival rates. However, the authors did not present the 

mechanism by which PD-MSCs can control GvHD. A single 

injection of 1×10
6
 PD-MSCs showed better efficacy compared 

to BM-MSCs which were injected twice. It may be speculated 
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that PD-MSCs are very young MSCs and thus show better effi-

cacy than adult BM-MSCs. All of these results demonstrated 

that 1) human MSCs can alleviate mouse allogeneic GvHD 

in an MHC-mismatched GvHD model (B6 into BALB/c) which 

can be useful for the in vivo efficacy evaluation of human 

MSCs, 2) human MSCs, which can reduce the GvHD mortal-

ity, are able to inhibit mouse T-cell proliferation and IFN-γ 

production, 3) efficacy of MSCs may be dependent on do-

nors, sources, or isolation methods. MSCs with better quality 

can be obtained by the SCM because more homogenous 

MSCs can be isolated by SCM rather than GCM.

This study, for the first time, showed that different MSC 

lines, no matter which isolation method was used, may pos-

sess different in vivo efficacy in the regulation of GvHD. 

Therefore, pre-evaluation of MSC products should be per-

formed in an animal model, such as the MHC-mismatched 

GvHD model (B6 into BALB/c) before a clinical trial on the 

treatment of GvHD.
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