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Background: Mesenchymal stem cells (MSCs) may be useful for reducing graft-versus-host disease 

(GVHD) after allogeneic hematopoietic stem cell transplantation (allo-HSCT). The GVHD and a graft-ver-

sus-leukemia (GVL) effect are inversely related. We therefore wanted to determine whether MSCs can 

preserve the GVL effect following experimental allo-HSCT.

Methods: After non-myeloablative allogeneic hematopoietic stem cell transplantation (NM-HSCT) using 

C57BL/6 (H-2
b
)→B6D2F1 (H-2

b/d
), some mice received donor lymphocyte infusion (DLI) for induction 

of GVL effects by virtue of complete chimerism (CC), while the other groups did not receive DLI with 

persistence of mixed chimerism (MC). All mice were inoculated subcutaneously with P815 tumor cells 

and were intravenously treated with either donor MSCs or diluents.

Results: Between the DLI-treated groups with CC, tumor-related deaths and tumor growths were com-

parable irrespective to the infusion of MSCs. On the contrary, among mice without DLI which showed 

MC, the administration of MSCs significantly delayed tumor-related deaths compared to those without 

the administration of MSCs (50-day percent survival, 54.5% vs. 18.1%, P=0.0225). In the MC animals, 

tumor growth seemed to be more delayed in the mice injected with MSCs than in the controls (P=0.09). 

Donor MSCs injection was associated with increased donor effector/memory CD62L- T cells in MC but 

not in CC.

Conclusion: In spite of the observed immunosuppressive effects of donor MSCs, our results indicate 

that the GVL effects were not influenced by the injection of MSCs but that under a given condition 

such as MC, the injection of donor MSCs could result in enhanced GVL effects. (Korean J Hematol 

2008;43:219-231.)
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INTRODUCTION

  Allogeneic hematopoietic stem cell transplanta-
tion (allo-HSCT) is a potentially curative treat-
ment for hematological malignancies. However, 
the relapse of the underlying disease and graft- 
versus-host disease (GVHD) are major obstacles. 
The therapeutic potential of allo-HSCT relies on 
the graft-versus-leukemia (GVL) effect, which 
eradicates the residual malignant cells via im-
munological mechanisms.1) Unfortunately, the 
GVHD and GVL effects are tightly linked, as 
demonstrated by the inverse correlation between 
the leukemia relapse rate and the severity of 
GVHD.2)

  In addition to hematopoietic stem cells, the 
bone marrow also contains mesenchymal stem 
cells (MSCs). These cells, described by Frieden-
stein et al,3) have the capacity of prolonged self- 
renewal and, in an inductive microenvironment, 
differentiate into specialized mesenchymal tis-
sues, such as hematopoietic stroma, bone, carti-
lage, adipose tissue, and others.4-8) MSCs have 
immunomodulatory properties and have been re-
ported to inhibit T cell proliferation in vitro.9-12)  
  An immunosuppressive effect of MSCs in vivo 
has been shown in a baboon model, in which an 
infusion of ex vivo-expanded matched donor or 
third-party MSCs delayed the time of rejection of 
a histo-incompatible skin graft.13) The immuno-
suppressive effect of MSCs in human beings, as 
a corollary to the immunosuppressive effect of 
MSCs in vitro and in preclinical animal models, 
suggests that MSCs may be useful for preventing 
and treating GVHD after allo-HSCT.14) One con-
cern with use of MSCs, however, is the potential 
to increase the incidence of relapse as a result of 
severe immunosuppression. The efficacy of MSCs 
in GVHD has unfortunately revealed the ex-
pected drawback of increased leukemia relapse.15) 
Hence, preserving the beneficial control of GVHD 
without affecting GVL effect remains a challenge 
for future studies with regard to the use of MSCs. 

  Using a murine model of non-myeloablative al-
lo-HSCT (NM-HSCT) and donor lymphocyte in-
fusion (DLI), this study investigated whether or 
not the primary MSCs affect the GVL effect. 
Establishment of a state of mixed chimerism 
(MC) followed by delayed DLI has been shown 
to be associated with a reduced risk of GVHD. 
In this model, the GVL effect can be induced 
faster than the anticipated onset of overt clinical 
manifestation of acute GVHD. In contrast to ex-
pectations based on in vitro and isolated clinical 
observations, our data demonstrate that, in this 
murine NM-HSCT followed by DLI model, the 
influence of MSCs on GVL effects differed ac-
cording to the status of chimerism. These find-
ings may have clinical implications for the use of 
MSCs-based immunosuppressive therapeutic stra-
tegies after allo-HSCT.

MATERIALS AND METHODS

1. Mice

  Female C57BL/6 (B6, H-2b) and B6D2F1 (F1, 
H-2b/d) mice were purchased from Japan SLC Inc. 
(Shizuoka, Japan). The age of the mice ranged 
from 8 to 12 weeks. The mice were housed in 
sterilized microisolator cages and received fil-
tered water and normal chow or autoclaved hy-
perchlorinated drinking water for the first 3 
weeks after allo-HSCT.

2. Isolation and proliferation of MSCs from 

bone marrow (BM)

  The BM cells, which were collected by flushing 
the femurs and tibias with the medium, were cul-
tivated in 75 cm2 tissue culture flasks at a con-
centration of 1×106 cells/mL using complete Dul-
becco modified Eagle medium (WelGENE Inc., 
Daegu, South Korea) supplemented with 10% 
heat-inactivated fetal bovine serum (FBS, Wel-
GENE Inc.), 2mM glutamine, 100U/mL pen-
icillin and 100μg/mL streptomycin (Gibco BRL, 
Gaithersburg, MA, USA). No cytokines were add-
ed at any stage of the experiment. The cultures 
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were cultured at 37oC in a 5% CO2 atmosphere. 
After 72 hours, the non-adherent cells were 
removed. When the cells had reached 70∼80% 
confluence, the adherent cells were trypsinized 
(0.05% trypsin at 37oC for 5 minutes), harvested 
and expanded in larger flasks. A homogenous cell 
population was obtained after culturing for 3∼5 
weeks. The MSCs were maintained in culture for 
no more than 15 in vitro passages.

3. Experimental NM-HSCT with DLI and tumor 

cell inoculation

  F1 recipients were given a single dose of 400 
cGy nonmyeloablative total body irradiation 
(TBI) (cesium Cs 137 [137Cs] source). BM cells 
obtained by flushing the long bones of B6 donor 
mice with RPMI (WelGENE Inc.) supplemented 
with 10% FBS (WelGENE Inc.) were injected in-
to the lateral tail vein of F1 recipients on the day 
of TBI. For DLI, spleen cells from B6 donors 
were resuspended in RPMI 1640 supplemented 
with 10% BCS washed twice, resuspended in the 
same medium, and injected into tail vein of re-
cipient mice 14 days after NM-HSCT. Subcuta-
neous (s.c.) injection of 1×106 cells of P815 
(H-2d) mastocytoma line into F1 mice induced lo-
cally fast growing tumors. These have been used 
extensively as a cancer model to analyze and ma-
nipulate the relationship between tumor cells and 
the GVL effect.16) Survival was monitored daily. 
The degree of clinical GVHD was assessed every 
3 or 4 days based on weight loss, posture, pres-
ence of diarrhea, and skin lesions such as alope-
cia and dermatitis. Tumor growth was inspected 
every 3 or 4 days by measuring the largest per-
pendicular diameters with a caliper, which was 
thus recorded as the tumor area (mm3). In some 
experiments, tumor acceptance was finally de-
termined on day 35. 

4. Histology and fluorescent detection of MSCs

  The tumors, liver, spleen and lungs were re-
moved 3 weeks after the s.c. inoculation and were 
then fixed in 10% buffered formalin, embedded 

in paraffin, and cut into 5μm slices. The sections 
were stained with H&E. For a fluorescent histo-
logic analysis, MSCs were fluorescence-labeled 
using preincubation with PKH-26 (Sigma-Al-
drich, St. Louis, USA) according to the manu-
facturer's instructions as described.17) Briefly, 105 
MSCs were washed two times in HBSS (Wel-
GENE Inc.) supplemented with 2% FBS (Wel-
GENE Inc.), and the pellet was suspended in 600 
μL diluent buffer. One μL of PKH-26 solution 
(10−3 mol/L) prediluted into 100μL diluent buf-
fer was added, and the mixture was left at room 
temperature for 3 minutes with gentle agitation 
for several times. The labeling reaction was stop-
ped by the addition of 1mL heat-inactivated FCS 
(Pan Systems) for 1minute. This mixture was 
then carefully underlayered with 1mL heat- in-
activated FCS. Cells were cytocentrifuged for 5 
minutes at 400g, the supernatant was removed, 
and the pellet was washed three times in se-
rum-containing medium (HBSS/2% FCS) in a 
fresh tube for every washing step. Twenty-one 
days after PKH-labeled MSC injection, mice were 
sacrificed and various organs as well as tumor tis-
sues were harvested. Tissues were immediately 
embedded in OCT (Cellpath) embedding matrix, 
placed on dry ice and stored at −80oC until 
required. OCT embedded tissues were cryosec-
tioned into 5μm thick sections and allowed to 
air dry while protected from light. Sections were 
fixed for 15min in 4% paraformaldehyde, fol-
lowed by three 5min washed in PBS. Cells were 
then stained using 4’,6-diamidino-2-phenylindole 
(DAPI; 1μg/mL) for 4 min in foil and washed 
thrice for 5min in PBS. Sections were then 
mounted in DPX mounting medium and exam-
ined using a wavelength for PKH26 and DAPI 
are 551nm/567nm and 358nm/461nm, respecti-
vely. Individual single-channel image were cap-
turedusing the appropriate filters and merged to 
create composite images with analysis software.

5. Flow cytometric analysis 

  Fluorescein isothiocyanate-conjugate monoclo-



222  Korean J Hematol Vol. 43, No. 4, December, 2008                                                    

nal antibodies to mouse H-2b+, FITC-conjugated 
H-2d+ were purchased from Pharmingen (San 
Diego, CA, USA). Blood samples collected in 
heparin (50μL) were incubated on ice for 15 mi-
nutes with mouse anti-mouse monoclonal anti-
bodies. The samples were washed with phos-
phate-buffered saline (PBS, WelGENE Inc.) con-
taining 0.05% sodium azide and hemolized with 

ammonium chloride potassium carbonate to re-
move red cells. All the samples were analyzed us-
ing a FACScan cytometer (Becton Dickinson Im-
munocytometry Systems, San Jose, CA). Normal 
F1 mice were all stained positive for H-2b and 
H-2d, in contrast to all normal B6 cells staining 
positive for H-2b. The percentage of circulating 
B6 cells in F1 recipients was determined by cal-

Fig. 1. Immunophenotype of murine MSCs. Donor 
MSCs were stained with surface antibodies and ana-
lyzed by FACS.
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Fig. 2. Responding B6 splenocytes (5×105 cells/well) were 
incubated for 4 days with mitomicin-treated B6 (Syngeneic)
or F1 splenocytes (Allogeneic) in the presence of 1×105

MSCs or diluent alone (Control). Addition of MSCs inhibited
T cell proliferative response compared to the controls 
(*P=0.005).

culating the number of cells negative for H-2d. 
Donor effector/memory T cells were identified as 
the expression of CD62L-CD4+ or CD8+ from B6 
cells. 
  The identity of the MSCs was confirmed using 
the immunophenotype criteria, based on the ex-
pression of Sca1+ and the absence of hema-
topoietic (with anti-CD45, -CD11c and -CD117 
antibodies) or endothelial cell (with anti-flk1 an-
tibodies) markers. The proportion of CD45+ cells 
in the MSCs preparations used in the various ex-
periments never exceeded 2%. 

6. Mixed lymphocyte reaction (MLR)

  The splenocytes were isolated from a mouse 
spleen by disaggregation into RPMI 1640 me-
dium (WelGENE Inc.) The cell count and via-
bility were assessed by trypan blue dye exclusion. 
The stimulator splenocytes from F1 mice were 
treated with 50μg/mL mitomycin C (Sigma Al-
drich Co., MO, USA) for 45 minutes at 37oC, fol-
lowed by five extensive washes with FBS-contain-
ing RPMI 1640 medium. The responder spleno-
cytes from the B6 or F1 mice and the stimulator 
splenocytes from the F1 mice were resuspended 
at a concentration of 105 cells/100μL/well. The 
MSCs (105 cells) were added to the mixture to ob-
tain a final volume of 300μL.

7. Statistical analysis

  A Mann-Whitney U-test was used for the stat-
istical analysis of the culture data, clinical GVHD 
scores and the number of cells, whereas the log 
rank test was used to analyze the survival data. 
A P-value <0.05 was considered significant.

RESULTS

1. Isolation, in vitro expansion, phenotypic and 

immunologic characterization of MSCs

  MSCs were isolated from BM cells of B6 mice 
by plastic adherence in long-term culture as re-
ported previously.18) BM cells were initially cul-
tured at a concentration of 106 cells/mL. Each 

time cells reached confluence, they were detached 
and replated in culture. The MSCs were negative 
for CD45, CD11c, c-kit and flk1 but most of 
them expressed Sca1 (Fig. 1). Using a MLR, the 
MSCs suppressed the proliferation of responder 
B6 splenocytes that had been elicited by alloge-
neic splenocytes from F1 (Fig. 2).

2. NM-HSCT followed by DLI is a model for 

the GVL effect against P815 tumor cells

  Slavin et al19-21) and Sykes and Sachs22,23) have 
documented in preclinical animal models that es-
tablishing a state of MC was associated with a re-
duced risk of GVHD. Slavin et al20) and Weiss et 
al24) reported that as the time interval between 
HSCT and DLI increased, resistance to GVHD 
increased. We reasoned that DLI to the tolerant 
mice may be able to induce a GVL effect before 
the occurrence of GVHD in this NM-HSCT 
model. A total 15 sublethally irradiated (TBI 400 
cGy) F1 mice for each group (group A∼D) were 
reconstituted with 107 B6 BM cells. All mice were 
found to be chimeric and seemed healthy, with 
no clinical signs of early GVHD. Considering the 
clinical application, we started the tumor treat-
ment after establishing the s.c. injected P815 
tumors.16) At 14 days following BMT, all mice 
were inoculated s.c. with 106 P815 cells, to mimic 
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Fig. 4. Effect of MSCs on survival according to the chi-
meric status. Sublethally irradiated (400cGy) B6D2F1 
(H-2b/d) mice were reconstituted with 107 C57BL/6 (H-2b)
bone marrow cells. All mice were found to be a state of
mixed chimeric (MC). At 14 days after NM-HSCT, group
C and D mice received DLI at a dose of 20×106 spleen
cells from donor mice for induction of GVL effects by virtue
of complete chimerism (CC), while groups A and B did not
receive DLI with persistence of MC. At the same, all mice 
were inoculated subcutaneously with 1×106 P815 cells 
and then the recipients were intravenously treated on days
15, 18 and 21 with either donor MSCs (group B and D,
5×105/day) or diluents (group A and C). Kalan-Meier sur-
vival curves demonstrate a difference between the MC and
CC groups (group A vs. B, *P=0.0225; group C vs. D, 
P=0.371).

Table 1. Effect of injected MSCs on tumor growth accord-
ing to the chimeric status 28 days after tumor inoculation

Treatment
Tumor size

Group Chimerism ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
on day 42

DLI MSC 

(A) MC − − 1.68±0.35
(B)     MC − + 1.25±0.22*
(C)    CC + − 0.29±0.08
(D)     CC + + 0.26±0.09

Attributions: MC, mixed chimerism; CC, complete chime-
rism. *P=0.09 between group A and B.

Fig. 3. The percentage of H-2d negative donor cells in pe-
ripheral blood following donor lymphocyte infusion.

a state of minimal residual disease following 
HSCT. Group A and B did not receive additional 
DLI to remain mixed chimeric, while group C 
and D received DLI (20×107 splenocytes) for in-
duction of GVL effects by achieving a state of 
complete chimerism (CC). As shown in Fig. 3, 
the recipients injected with DLI achieved a state 
of CC within 3 weeks, while those without DLI 
remained mixed chimeric.
  In order to examine the immunosuppressive ef-
fect of MSCs on GVL effects, group B (MC) and 
D (CC) were given a total of three i.v. injections 
of 5×105 MSCs on days 15, 18 and 21 (total dose 
of 1.5×106). Each control group, group A (MC) 
and C (CC), received PBS injection instead of 
MSCs with no further treatment. As shown in 
Fig. 4, which pooled the results of three similar 
experiments, the GVL effects in the state of CC 
induced with DLI in C57BL/6 → B6D2F1 chi-
meras (group C and D) could suppress the 
growth of s.c. injected P815 cells up to 6 weeks 
after DLI. Between the DLI-treated groups with 
CC, tumor-related deaths were comparable irre-
spective to the infusion of MSCs (P=0.371). 
Among the mice with MC in group A, the in-
jection of P815 cells into the recipient skin led 
to progressive tumor growth and death of about 
80% 50 days after the P815 cell injections. On the 
contrary, among mice with group B, the admin-
istration of MSCs significantly delayed tumor-re-

lated deaths compared to those without the ad-
ministration of MSCs (group B vs. A; 50-day per-
cent survival, 54.5% vs. 18.1%, respectively, P= 
0.0225).  
  Tumor growth was obviously suppressed in the 
recipients that had been treated with DLI. In the 
animals with MC, tumor growth observed 28 day 
after the P815 cell injection seemed to be more 
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Fig. 5. Flow cytometry analysis of donor and recipient CD62L− memory/effector CD4+ or CD8+ T cells in peripheral blood
obtained 21 days after the injection of MSCs. The percentage of circulating donor cells was determined by calculating the
number of cells negative for H-2d. Each graph represents one of two similar experiments. (A), Group A; (B), Group B; (C),
Group C; (D), Group D.

delayed in the mice injected with MSCs than in 
the controls (group A vs. B, P=0.09), whereas 
among the mice with CC after DLI, tumor 
growth was comparable between the two groups 
(group C vs. D, P=0.8) (Table 1). 

3. Donor MSCs injection was associated with 

increased CD62L- T cells in MC but not in 

CC

  In mice, naïve T cells, which have never en-
countered antigens specific for their T cell re-
ceptors, express CD62L+. This distinguishes them 
from antigen-experienced effector/memory T cells, 
which are usually CD62L−. It has been shown 
that since donor T cells have never encountered 

host allogeneic antigens, GVHD-inducing T cells 
should reside in the naïve T cell compartment25). 
Conversely, effector/memory T cells should not 
induce GVHD since they were not elicited by al-
lo-antigens. When CD62L+ and CD62L− cells 
were separately tested in a transplant model, 
GVHD induction in vivo was retained by the na-
ïve phenotype, whereas memory cells did not 
cause GVHD. Moreover, memory cells immu-
nized against BCL1 (a leukemia/lymphoma cell) 
retained the ability to proliferate and protect the 
animal against a challenge of the tumor cells. We 
examined if donor effect/memory cells in the re-
cipients could be changed after injections of 
MSCs. As shown in Fig. 5, circulating donor cy-
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Fig. 6. Tissue distribution of MSCs injected into the recipients with MC (group B). In addition to the tumor tissue, im-
munohistochemical analysis of lungs, liver, and spleen sections was used to visualize the prelabeled MSCs by their PKH+

red fluorescence (magnification: ×100). Mice in Group A did not receive the prelabeled MSCs.

totoxic effector/memory CD4+CD62L− or CD8+ 
CD62L− cells were significantly increased in 
mice with MC after the injection of MSCs com-
pared to the controls (54.98% vs. 31.08% or 
36.74% vs. 18.24%, respectively) but those are 
comparable in mice with CC after DLI regardless 
of MSC administration (52.11% vs. 53.70% or 
48.84% vs. 56.83%, respectively) on day 21 after 
the P815 cell injection. The CD25 expression on 
donor CD8 or CD4 cells were not different (data 
not shown). These data suggest that the enhanced 
GVL effect by the injection of MSCs in the recip-
ients with MC was associated with the increased 
number of donor effector/memory cells with 
down-regulation of CD62L. Moreover, these re-
sults indicate that it may be possible to endow 
the recipient with T cells retaining memory spe-
cific to tumor antigen but incapable of causing 
GVHD.

4. Migration of donor MSCs in the recipients 

with MC

  The ability of fluorescently labeled MSCs to 
preferentially home in on the site of a tumor or 
each organ including liver, lungs, and spleen was 
determined in the mixed-chimeric recipients with 
localized (flank tumor) disease. Twenty-one days 
after the injection of PKH-labeled MSCs, micro-
scopic analysis showed that a substantial number 
of the fluorescently labeled cells were detected in 
liver, spleen and lungs as well as the tumor tissue 
of the mice with MC that had been injected 
PKH-labeled MSCs (group B, Fig. 6). These data 
demonstrate that the injected MSCs had an influ-
ence on the GVL effects undergoing a regulated 
homing process in vivo.

DISCUSSION

  The immunosuppressive properties of MSCs 
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have been established26), and recently, the treat-
ment of GVHD with MSCs has been repor-
ted,14,27) which suggests that MSCs can inhibit 
undesirable immune responses. One concern with 
use of MSCs after allo-HSCT is the potential to 
increase the incidence of relapse as a result of se-
vere immunosuppression. Therefore, this study 
investigated whether or not the injection of MSCs 
affects the GVL effects. Our results demonstrate 
that the injection of donor MSCs did not have an 
influence on the GVL effects induced by a state 
of CC following DLI. Unexpectedly, the admin-
istration of donor MSCs into the recipients with 
MC strikingly decreased tumor-related deaths as 
well as tumor growths compared to the control 
group. The increased number of donor effector/ 
memory T cells observed after the injection of 
MSCs suggests that MSCs may be immunogenic 
and the infusion of allogeneic MSCs can trigger 
a memory T-cell response in a state of MC. 
Furthermore, MSCs labeled with fluorescence 
were observed in MC recipients for extended pe-
riods after administration.
  In clinical studies, delayed transfer of T cells 
to allogeneic chimeras is also associated with a 
low risk of GVHD.28) The precise mechanisms 
underlying the lack of GVHD are not known but 
may relate to the resolution of the early inflam-
matory cascade induced by the conditioning 
protocol.29,30) It has been previously shown that, 
in the well-established mouse models of human 
GVHD the early administration of the primary 
MSCs after the transplant failed to show a 
GVHD protection effect.31,32) Therefore, this study 
utilized NM-HSCT followed by DLI to accurately 
observe the influence of MSCs on GVL effect. It 
is by now well established that the main benefits 
of allo-HSCT can be ascribed to the antileukemia 
effect exerted by donor alloreactive T cells2,33) and 
partially, especially following haploidentically mis-
matched transplants, also by alloreactive natural 
killer cells,34) rather than to the effects of myeloa-
blative conditioning per se. Therefore, adoptive 
immunotherapy mediated by infusion of allor-

eactive lymphocytes after HSCT, also referred to 
as DLI, has been used as an effective clinical tool 
following HSCT for treatment35-37) or for pre-
vention38) of recurrent leukemia. Slavin et al have 
recently documented that in mice with minimal 
number of tumor cells, GVL effects can be in-
duced faster than the anticipated onset of overt 
clinical manifestations of acute GVHD.39) Hence, 
GVL effects induced with DLI in recipients with 
MC could result in successful elimination of tu-
mor cells before death from GVHD in this com-
bination occurs. In our experiments, the model 
was modified to reveal the efficacy of GVL effects 
while reducing the occurrence of GVHD by in-
creasing the time interval between HSCT and 
DLI. A state of MC was established when sub-
lethally irradiated F1 mice were reconstituted 
with B6 BM cells. All recipients were found to 
be chimeric and seemed healthy, with no clinical 
signs of early GVHD. After DLI, GVL effects can 
be induced faster than the anticipated onset of 
overt clinical manifestation of acute GVHD in 
the MC mice with minimal number of P815 tu-
mor cells. We could observe the effect of MSCs 
on s.c. injected tumor growth according to the re-
cipients chimeric status. A recently-published cli-
nical report demonstrated that early co-injection 
of MSCs with HSCT reduced the occurrence of 
GVHD but significantly increased the incidence 
of relapse.15) However, our experiments showed 
that the early injection of allogeneic donor MSCs 
did not hamper the GVL effects induced by DLI. 
  Surprisingly, injected MSCs suppressed tumor 
growth and reduced tumor-related deaths in the 
recipients with MC. Our observations demon-
strate that the GVL effects enhanced by the ad-
ministration of MSCs into the recipients with 
MC were associated with the emergence of effec-
tor/memory cells not expressing CD62L (CD62L−). 
Naive T cells, which express CD62L, are T cells 
that have never encountered antigens specific for 
their T-cell receptors. One of the possible ex-
planations is that MSCs had triggered the onset 
of a memory T cell response. As described by 



228  Korean J Hematol Vol. 43, No. 4, December, 2008                                                    

many investigators,40,41) CD62L− T cells belong 
to a subset of memory T cells called “effector/ 
memory T cells”. This subset of T cells is able 
to mediate functional memory immune responses. 
It has been shown that CD62L− T cells from im-
munized animals carry highly potent antitumor 
activity.42,43) These data strongly suggest that 
MSCs are not intrinsically immunoprivileged in 
the chimeric recipients. The putative immunomo-
dulatory effect of allogeneic MSCs that promotes 
the GVL effect may be mediated by activation of 
host T cells since the injection of MSCs down- 
regulated CD62L of recipient T cells (Fig. 5A 
and B). 
  Nauta et al44) demonstrated that the infusion of 
allogeneic MSCs can prime allogeneic T cells in 
naive immunocompetent mice, indicating that 
MSCs are immunogenic under these conditions. 
Furthermore, no memory response was observed 
after the infusion of syngeneic cultured MSCs. In 
support of these observations are recent findings 
demonstrating that allogeneic MSCs can be im-
munogenic in immunocompetent animals.45,46) 
The immune response elicited by the infusion of 
allogeneic donor MSCs into the chimeric recipi-
ents may enhance the response of the donor 
against host antigens, resulting in increased anti- 
leukemia effect of alloreactive donor T cells.
  Studies have shown that i.v. administered 
MSCs do not engraft in healthy organs, e.g., liver, 
spleen47,48) and, in the case of breast cancer, have 
been shown to migrate to pulmonary metastases 
of the disease in an animal model.49) Although 
the authors reported little or no MSC engraft-
ment in normal areas of the lung, another study 
reported pooling of MSCs in the healthy lung of 
an animal after i.v. administration, which raised 
a question as to whether engraftment had been 
tumor-targeted or as a result of MSCs getting 
trapped in the capillary network as a result of 
their relatively large size.50) In the current study, 
the ability of fluorescently labeled MSCs to home 
in on the tumor site was confirmed after systemic 
administration. The MSCs were shown to be mor-

phologically intact and to have survived up to 21 
days after administration. Further studies will be 
required to evaluate the mechanisms of the cel-
lular interaction between engrafted MSCs and 
immune cells.
  In summary, our results show that MSCs did 
not hamper the GVL effect induced by DLI fol-
lowing MC in a murine HSCT model and are ca-
pable of modulating immune responses in vivo. 
The key finding of the study is the strikingly de-
creased frequency of tumor growths in the recipi-
ents with MC when infused with MSCs compared 
to the control group. Allogeneic MSCs can not be 
intrinsically immunoprivileged and that under 
appropriate conditions, such as MC, allogeneic 
MSCs induce a memory T-cell response resulting 
in enhancement of the GVL effect. Increased un-
derstanding of the pathways involved in stimulat-
ing the GVL effect will potentially provide for 
translation of this novel therapeutic approach to 
the clinical setting.

요      약

  배경: 중간엽줄기세포(mesenchymal stem cell, MSCs)

는 실험실 및 일부 생체 내 연구 결과 강력한 면역억제 

효과를 보여주었으며 동종조혈모세포이식(allogeneic 

hematopoietic stem cell transplantation, allo-HSCT)후의 

이식편대숙주질환(graft-vs.-host disease, GVHD)의 예

방과 치료 목적으로 이용되고 있다. 그러나 GVHD와 

이식편대백혈병(graft-vs.-leukemia, GVL) 효과는 서로 

밀접하게 연관되어 GVHD를 억제하면 GVL 효과가 약

화되어 이식 후 백혈병 재발이 증가된다. 따라서 본 연

구에서는 MSCs가 GVL효과에 미치는 영향을 동물실

험을 이용하여 관찰하였다. 

  방법: 저용량 전처치 allo-HSCT 모델에서 공여자 림

프구수혈(donor lymphocyte infusion, DLI) 방법을 이

용하여 GVL 효과를 직접적으로 관찰하였다. C57BL/ 

6(H-2
b
)→C57BL/6DBA/2(B6DF1, H-2

b/d
)모델에서 수

혜자 마우스를 TBI 400cGy로 전처치한 후 공여자 골

수세포(10×10
6
)를 주입하여 혼합 키메라(mixed chi-

merism, M.C) 상태를 유도하였으며 모든 마우스들은 

MC상태를 유지하였고 GVHD없이 건강함을 확인하였

다. 이식 2주 후에 공여자의 비장세포(20×10
6
)를 투여
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하여 DLI를 시행하고 동시에 백혈병세포주인 P815 

(H-2
d
)세포를 피하주사하고 주기적으로 종양부피와 

종양관련사망을 측정하였다. DLI 후 1, 4, 7일에 공여

자의 골수에서 배양된 MSCs (5×10
5
/day)를 수혜자 마

우스 꼬리정맥으로 주입하였으며 대조군은 동일한 양

의 희석물을 투여하였다. 

  결과: MSCs 투여 후에 종양의 성장을 확인한 결과 

DLI를 시행한 완전 키메라(complete chimerism, CC)군

에서는 MSCs의 투여에 따라 종양으로 인한 사망과 종

양 성장의 차이를 보이지 않았다. 반면 MC군에서는 

MSCs를 투여한 마우스에서 종양으로 인한 사망이 지

연되었고(50-day percent survival, 54.5% vs. 18.1%, P= 

0.0225), MSCs를 주입하지 않은 군에 비하여 종양성장

이 지연되는 경향을 보여주었다(P=0.09). MC군에서 

MSCs를 투여한 이후 공여자 유래 effector/memory 

CD62L
−
T cells의 비율이 증가되었으나, CC군에서는 

차이가 없었다. MC군의 조직에서 형광염색을 통하여 

MSCs 투여 후 21일에도 MSCs가 존재함을 확인하였다. 

  결론: CC 상태에서 GVL 효과는 MSCs의 투여에 의

해서 영향을 받지 않았다. 그러나 MC군에서 MSCs 투

여 후에 GVL 효과가 향상되는 것으로 나타났으며 

MSCs가 일정한 조건하에서는 면역자극 효과를 발휘할 

가능성이 있다. 본 연구 결과는 이식 후 GVHD는 감소

시키면서 GVL 효과를 증대시킬 수 있는 치료법 개발

에 이용할 수 있을 것으로 기대된다.
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