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ABSTRACT

Background/Aims: Recent studies have shown that transforming growth factor-β1 (TGF-β1) is prominently associated with acute rejection. This study aimed to explore the role of mesenchymal stem cells (MSCs) in the maintenance of the long-term survival of orthotopic
liver transplants (OLTs) via the regulation of TGF-β1 in an experimental rat model.
Materials and Methods: We used Lewis rats as donors and ACI rats as recipients. Hematoxylin and eosin staining was performed to
evaluate histomorphological changes, and Western blot was performed to measure protein expression.
Results: The expression of TGF-β1 in the liver allografts and spleen and protein levels of forkhead box P3 (FoxP3), interleukin-10 (IL10), and cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) were measured using Western blot. The suppressive capacity of
CD4+CD25+ regulatory T cells was evaluated using the MTT assay. Cell-mediated immunotoxicity was evaluated using the mixed lymphocyte reaction of CD4+ T cells and cytotoxic T lymphocyte (CTL) assay of CD8+ T cells. The results showed that MSCs prolonged
the survival of the OLT mice by regulating the expression of TGF-β1 at different time points. The administration of MSCs promoted a
prolonged survival in the ACI recipients (105±6.6 d) compared with the MSC-untreated recipients (16.2±4.0 d). On the postoperative day
(POD) 7, the MSC-treated recipients showed a significantly higher expression of TGF-β1, FoxP3, IL-10, and CTLA-4 than the MSC-untreated recipients. However, on POD 100, the MSC-treated recipients showed a lower expression of TGF-β1 and FOxP3 than that on POD
7. Moreover, on POD 7, CD4+CD25+ regulatory T cells extracted from the MSC-treated recipients showed a higher expression of FoxP3,
IL-10, CTLA-4, and suppressive capacity. On POD 7, CD4+ T cells from the MSC-treated recipients showed more significantly diminished
proliferative functions than the MSC-untreated recipients; further, a reduced allospecific CTL activity of CD8+ T cells was observed in
the MSC-treated recipients.
Conclusion: MSCs may represent a promising cell therapeutic approach for inducing immunosuppression or transplant tolerance.
Keywords: TGF-β1, mesenchymal stem cell, liver transplantation, CD4+CD25+ regulatory T cell

INTRODUCTION
For end-stage liver diseases, orthotopic liver transplantation (OLT) is an effective treatment. Nevertheless, recipients must avoid rejection by taking immunosuppressive agents. The mechanism of these agents is mainly the
suppression of the proliferation of T cells and expression
of interleukin-2 (IL-2). Although improved therapeutic
methods are associated with survival rates of transplanted patients, the side effects triggered by these immunosuppressive agents and risk assessment on the longterm administration of nonspecific immunosuppressive
drugs have presented a series of challenges (1). Consequently, to minimize or completely eliminate immunosuppressants, the induction of a sustained state of donor-specific transplant tolerance should be the ultimate
goal. Mesenchymal stem cells (MSCs) are being explored
in the treatment of a series of diseases that currently

have limited or no therapeutic options (2,3). Recently,
some researchers have reported that MSCs can differentiate into organ-specific cells in vivo when they were
successfully engrafted in the injured organ (4,5). Some
far-reaching immunomodulatory effects have also been
observed in MSCs (6), and they can be used in allotansplantation without rejection (7,8). Therefore, MSCs may
have beneficial therapeutic effects for liver transplantation (9). The transforming growth factor-β1 (TGF-β1), as
a multifunctional and pleiotropic cytokine, can induce the
development of acute and chronic rejection. TGF-β1 inhibited organ transplant rejection injury during the early
postoperative period. Additionally, TGF-β1 not only increases the levels of collagen but also decreases collagen
decomposing to induce fibroblast migration and promoted matrix deposition, resulting in transplant organ fibrosis and arteriosclerosis (10). Recently, some research has
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shown that the mechanism of TGF-β1 for the induction
or maintenance of immune tolerance is associated with
CD4+CD25+ regulatory T cells. TGF-β1 is indispensable
for the expansion, survival, and functional properties of
these CD4+CD25+ regulatory T cells (11,12). However,
whether MSCs regulate CD4+CD25+ regulatory T cells via
TGF-β1 in long survival recipients following liver transplantation is unclear. In this study, for the first time, we
discovered the mechanism of MSC-induced liver transplant tolerance.
In our study, the effects of MSCs on survival in the model of orthotopic liver transplant (OLT) rats have been investigated, as well as the underlying mechanism through
which MSCs modulate the function of CD4+CD25+ regulatory T cells via the TGF-β1 signal pathway.
MATERIALS AND METHODS
Cell culture
Mesenchymal stem cells are adult stem cells with
self-replication ability and multi-directional differentiation potential, and in this study, all MSCs were extracted
from the corresponding donors and frozen in liquid nitrogen (13). The acquired cells were cultured in DMEM (Gibco BRL, NY, USA) supplemented with heat-inactivated
10% (v/v) fetal bovine serum (Gibco, USA), 50.0 μg/mL
gentamycin, 2.0 mM L-glutamine, 100.0 μM non-essential amino acids, 10.0 mM HEPES, and 55.0 μM 2-mercaptoethanol under an atmosphere of 95% air and 5%
CO2 at 37°C. MSCs between passages 8 and 11 were used
in all in vivo experiments. Meanwhile, the functions of
MSCs were not evaluated.
Animals and experimental design
Inbred male Lewis (RT1n) rats were used as donors
and ACI (RT1l) rats were used as recipients, and these
weighed between 250 and 300 g. Experimental rats were
all raised under specific pathogen-free conditions in the
light of requirements of the Institute of Laboratory Animal Resources of Xuzhou Medical College. All animal
experiments were approved by the Institutional Animal
Care and Use Committee. OLT was performed under
ether anesthesia (14). In our study, we used an improved
experimental model of OLT in rats. In conclusion, the hepatic portal vein of the donors perfused 4°C University
of Xuzhou preservation solution. Vascular reconstruction
was then performed. The superior hepatic vena cava,
portal vein, and hepatic inferior vena cava were anastomosed. Arterial reconstruction was not performed. None
of the recipients received any immunosuppressive agent,
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and they were randomly assigned to four groups (14 per
group) as mentioned below.
In Group A, we injected saline to the recipients via the
right jugular vein at 30 min after OLT.
In Group B, we injected MSCs (2.5×105 cells in 100.0 μL
total volume) to the recipients via the right jugular vein at
30 min after OLT.
In Group C, the B6 mice were used as donors and the
C3H mice as recipients. These were injected with MSCs
(2.5×105 cells in 100.0 μL total volume) extracted from
the B6 mice.
In Group D, the ACI rats were used as donors and were injected with MSCs (2.5×105 cells in 100.0 μL total volume)
extracted from itself.
To assess the morphology of the liver and determine the
concentration of cytokines, the spleen and liver samples
were acquired from a half of the experimental subjects in
each group at different time points (days 7 and 100 after
transplantation). The remaining seven mice in each group
were raised to assess the survival rates.
The Banff classification of the pathology of liver allograft
For hematoxylin and eosin (H&E) staining and histological
analysis, liver tissues were fixed with 10% neutral-buffered formalin and embedded in paraffin wax. The tissues
were then cut into 5.0-μm thick sections and affixed to
slides. The paraffin was removed, and slides were stained
with H&E to assess the morphological changes in the liver. The resultant H&E stained liver sections were classified using the Banff classification schema (15).
Isolation of T cells from liver and spleen
The liver and spleen cells were dissociated by mashing
the tissues and putting them through a 100.0-µm mesh
steel sieve. Leukocytes were isolated via centrifugation
for 15 min at 840×g, with the cells suspended in 1.05 g/
mL Percoll solution (Pharmacia Biotech, Sweden). The remaining cell fractions containing leukocytes were washed
and resuspended in a red blood cell lysis buffer (155.0 mM
NH4Cl, 10.0 mM KHCO3, 0.1 mM Na2EDTA). Further, isothiocyanate-conjugated anti-CD3 antibody (CD3-FITC,
Serotec) was used with fluorescein to stain these cells.
T cells were collected using activated cell sorting with
a FACS Vantage cell sorter (Becton Dickinson, Australia) after removing the dead cells, which were labeled by
propidium iodide (1.0 µg/mL).
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Sorting of CD4+CD25+ and CD4+CD25− T cells
The spleens were harvested at specific time points. Splenocytes were stained with anti-mouse CD4 mAb and
anti-mouse CD25 mAb (7D4) after incubation with the
2.4G2 antibody. Next, CD4+CD25+ and CD4+CD25− T
cells were sorted using a fluorescence-activated cell
sorter (FACS Calibur, Becton Dickinson, CA, USA). The
purity of these cells was ≥98%.
Western blot analysis
To analyze the expression of TGF-β1, T cells of the spleens
and grafts were harvested from the MSC-untreated and
MSC-treated mice on POD 7.
To evaluate the expression levels of IL-10, FoxP3, and
CTLA-4, CD4+CD25+ regulatory T cells from spleens were
sorted by FACS as mentioned above.
Briefly, protein lysates were mixed with loading buffer
and boiled for 5 min, and the same amounts of protein
were loaded in and separated by sodium dodecyl sulfate-polyacrylamide gels at 200 V for 60 min. This was
followed by the transfer to nitrocellulose membranes
(Amersham Biosciences) at 100 V for 30 min at room
temperature and incubation with primary antibodies,
including anti-TGF-β1, anti-FoxP3, anti-IL-10, and anti-CTLA-4 (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA). The β-actin antibody was purchased from Cell Signaling Technology (Danvers, MA, USA). The secondary
antibodies, anti-goat/rabbit/mouse immunoglobulin G
(IgG)-HRP, were purchased from the Zhongshan Company (Beijing, China). The expression levels of these proteins were evaluated using chemiluminescence (ECL system, Amersham, UK) and quantified using Quantity One
software (Bio-Rad). Protein expression levels were standardized to β-actin.
Mixed lymphocyte reaction (MLR) and CTL assay
Splenocytes were obtained from the MSC-treated and
MSC-untreated mice on POD 7 and 100. CD4+ and CD8+
T cells were purified using a magnetic-activated cell sorter (Miltenyi Biotec, Bergisch-Gladbach, Germany) based
on the manufacturer’s protocol. The resulting purity in all
experiments was ≥98%. All CD4+ T cells and 35 Gy-irradiated splenocytes from Lewis rats were co-cultured
under 37°C and 5% CO2 for 3, 5, or 7 d, and the proliferation rates were measured using the MTT assay (Cell Titer, 96, Aqueous One Solution Assay; Promega). The MTT
solution (20.0 μl, 5.0 mg/mL in PBS) was added into the
cells in each well, and the cells were then incubated at

37°C for 4 h. A microtitre plate reader (Titertek Multiskan
MCC) was used to measure the absorbance of samples at
490 nm. All three experiments were independently performed, and the mean values were used to construct the
survival curves.
CD8+ T cells and 35 Gy-irradiated splenocytes from
TGF-β1+/− KO (B6 background) mice were co-cultivated
with IL-2 (50.0 U/mL) at a ratio of 1:2. After 3, 5, or 7 d,
an LDH assay (G1780-CytoTox 96 Non-Radioactive Cytotoxicity Assay, Promega) was performed to analyze the
cytotoxic lymphocyte (CTL) activity. As targets, B16 cells
were added to the effector cells. All cells were cultured
under 5% CO2 at 37°C for 24 h, and the cell-free supernatant was then retrieved after centrifugation at 503.1×g
for 5 min to analyze LDH. In the end, 50.0 μL supernatant
was drawn and 50.0 μL mix-substrate was added into
each well of the 96-well plate. The plates were incubated
under dark conditions at room temperature for 30 min.
To calculate the released amount of LDH, the absorbance
in each well was measured. The CTL killing activity was
expressed using the following formula (16).
			
LDH-release by CTL			
LDH-release by
			
target cell
CTL killing activity (%) =
×100%
			
The max LDH-released
			
by target cell-LDH			
released by target cell
Inhibitory capability of CD4+CD25+ regulatory T cells
CD4+CD25− T cells isolated from the C3H mice were
co-cultured with 35 Gy-irradiated splenocytes from
TGF-β1+/− KO (B6 background) mice (as the control).
Next, the CD4+CD25+ T cells from Group A7d or Group
B7d were added. The proliferation of CD4+CD25− T cells
was measured after 3, 5, or 7 d using the MTT assay. The
percentage of suppressive capacity was calculated by defining the absorption of the control as 100%. Three independent experiments were performed, and the survival
curves were constructed.
Statistical analysis
All data are presented as mean±standard deviation. Analysis of variance was used to compare among more than
two groups, and the Kaplan-Meier method was used to
compare the survival rates among the groups. p≤0.05
shows a statistical significance. All experiments were repeated no less than three times.
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RESULTS
Survival rate of transplant recipients
TGF-β1 is believed to have a positive impact on liver allograft rejection and on the survival time of recipients in
the models of OLT rats. To demonstrate this hypothesis,
we evaluated the survival rates of the MSC-untreated
mice (Group A), MSC-treated mice (Group B), and two
control groups (Groups C and D). As shown in Figure 1a,
the MSC-untreated mice rejected allografts within 14 d,
and graft survival time was 6.4±0.5 d. The graft survival
times were longer in the two control groups than in the
TGF-β1+/− KO mice, indicating that TGF-β1 is essential for
allogeneic transplantation tolerance.

a
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Given that TGF-β1 mice presented longer survival (Figure
1a), we sought to address whether MSCs in the allogeneic long survivors were associated with the expression
of TGF-β1. In the MSC-treated mice, graft survival time
ranged from 78 to 116 d (98±6.6 d) (Figure 1b). These
findings revealed that the mean survival time was notably
prolonged in the MSC-treated mice and that TGF-β1 was
essential in this process.
Morphological alterations in the liver
As demonstrated in Figure 2, allografts from the MSC-untreated and MSC-treated mice have obvious histological differences. Severe acute rejection was found in the
MSC-untreated mice. In addition, hepatocytes showed
severe degeneration and vacuolation, and hepatic sinusoids presented serious expansion and were filled with
several erythrocytes. Some inflammatory cells infiltrated into the portal areas, and sinusoidal endothelial cells
presented a severe swelling. The MSC-untreated mice
had a progressing acute rejection. The rejection activity

a

b
b

Figure 1. a, b. The Kaplan-Meier survival curve of recipients. (a)
Survival of the MSC-untreated mice (Group A) compared with
that of the two control groups. (b) Survival rates were significantly
increased in the MSC-treated mice (Group B) than in the MSCuntreated mice (Group A), and the number of animals at risk in this
figure was 14.
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Figure 2. a, b. (a) Histological grading of liver allografts using the
Banff scheme revealed significant differences in the rejection activity
index (RAI) scores among the MSC-untreated, MSC-treated, and
control mice (*p<0.05). The MSC-untreated mice (Group A) were
associated with a higher score (*p<0.05, Group A versus Group
B, Group C, and Group D). (b) The MSC-untreated mice showed
parenchymal necrosis, severe endotheliitis, and destruction of
the bile ducts. The MSC-treated and control mice had virtually
normal histology. The MSC-untreated mice were characterized by a
prominent portal infiltrate with varying degrees of endotheliitis and
bile duct inflammation.
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index (RAI) scores of the MSC-treated mice significantly
decreased compared with those of the MSC-untreated
mice (p<0.05). The two control groups (Groups C and D)
had negligible amounts of noticeable acute rejection in
the liver tissues, and the scores significantly decreased
than those of the MSC-untreated and MSC-treated
mice, in line with the morphological changes (p<0.05).
Long survival of liver transplants induced by MSCs is
dependent on regulation of expression of TGF-β1 at
different time points
Using Western blot, the MSC-dependent expression of
TGF-β1 in liver allografts was evaluated at different time
points. On POD 7, the MSC-treated mice showed a significantly higher expression of TGF-β1 than the MSC-untreated mice (p<0.05). Surprisingly, the MSC-treated
mice showed a significantly lower expression of TGF-β1
on POD 100 than on POD 7 (p<0.05). On POD 100, the
expression was not different between the MSC-treated
mice and the two groups of control mice. The expression
of TGF-β1 in the spleen samples was similar to that in the
liver allografts (Figure 3).
Impact of TGF-β1 on the functions of CD4+ and CD8+
T cells
Ample evidence has revealed that TGF-β1 may inhibit the function of T cells (17-19). To evaluate the effect
of TGF-β1+/− T cells on allogeneic stimulation, the MLR
of CD4+T cells and the CTL activity of CD8+ T cells were
evaluated. Figure 4a shows that CD4+ T cells from the
MSC-untreated mice had markedly increased proliferative functions (higher OD value) on POD 7 than those
from the MSC-treated mice and Group C and D mice
on POD 100. Further, the MSC-untreated mice showed
a significant increase in the allospecific CTL activity on
POD 7 (Figure 4b).
Effect of TGF-β1 on the functions of CD4+CD25+ T cells
Our data revealed that TGF-β1 might regulate the functions of CD4+CD25+ T cells in liver transplants. Therefore,
we explored the effect of TGF-β1 on the expression of
(20,21), IL-10, CTLA-4, and FoxP3 in CD4+CD25+ T cells.
CD4+CD25+ T cells from the spleens of the MSC-untreated, MSC-treated, and control mice were purified over
95% (Figure 5a). CD4+CD25+ T cells from the MSC-untreated mice presented a higher expression of IL-10,
CTLA4, and FoxP3 than those from the MSC-treated
mice on POD 7 and 100. However, there were no differences in the expression between the MSC-treated mice
and the two control groups on POD 100 (Figure 5b). Next,
the suppressive capacity of CD4+CD25+ regulatory T

a

b

c

Figure 3. a-c. The expression of TGF-β1 in the liver grafts and
spleens: (a) At the indicated times, the grafts and spleens were
harvested and the expression of TGF-β1 was examined using
Western blot. (b, c) Quantitative analysis of TGF-β1 in the liver (b)
and spleen (c); On POD 7, the MSC-treated mice (Group B) showed
significantly higher expression of TGF-β1 than the MSC-untreated
mice (Group A; p<0.05). On POD 100, the MSC-treated mice
showed significantly lower expression of TGF-β1 than that on POD
7 (p<0.05). On POD 100, the expression of TGF-β1 was not different
among the MSC-treated mice and the two groups of control mice
(*p<0.05 compared with MSC-treated mice on POD 7).

cells was measured. Purified CD4+CD25− T cells from the
TGF-β1+/− KO mice were co-cultured with irradiated splenocytes from the C3H mice. Then, CD4+CD25+ T cells
from the MSC-untreated and MSC-treated mice were
added on POD 7, and the proliferation rate of CD4+CD25−
T cells was evaluated at the indicated times. As shown in
Figure 5c, the CD4+CD25+ T cells from the MSC-treated mice strongly suppressed the proliferation rate of
CD4+CD25− T cells than those from the MSC-untreated
mice on POD 7, suggesting that CD4+CD25+ T cells from
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Figure 4. a, b. (a) CD4+ T cells were co-cultured with irradiated
TGF-β1+/− KO mouse splenocytes for 3, 5, or 7 d, and proliferative
responses were measured. The CD4+ T cell proliferation increased
when harvested from the MSC-untreated mice on POD 7 (p<0.001
vs. all the other grafts grouped together). (b) CD8+ T cells were
co-cultured with irradiated TGF-β1+/− KO mouse splenocytes in
the presence of IL-2 after 3, 5, or 7 d. Live cells were collected, and
the cytotoxic activity against B12 cells was assessed. There was an
increased cytotoxic T lymphocyte activity of T cells from the
MSC-untreated mice on POD 7 (p<0.001 vs. all of the other grafts
grouped together).

Figure 5. a, b. (a) CD4+CD25+ T cells were sorted from the spleens
by flow cytometry. The purity of these cells was >95%. The plots
shown are representative results. (b) The expression of FoxP3, IL-10,
and CTLA-4 in CD4+CD25+ T cells. At the indicated times, FoxP3,
IL-10, and CTLA-4 of CD4+CD25+ T cells were measured using
Western blot. On POD 7, the MSC-treated mice (Group B) showed
significantly higher expression of FoxP3, IL-10, and CTLA-4, and
this expression did not differ between the MSC-treated mice and
the two groups of control mice on POD 100. Data are presented
as mean±SD (*p<0.001; MSC-treated mice vs. all the other grafts
grouped together).

the MSC-treated mice presented markedly increased inhibitory activities.

tors. Mesenchymal stem cells can promote the invasion
of pancreatic adenocarcinoma cells and drive tumor progression in advanced primary liver cancer via the TGF-β1
signal pathway (27-30).

DISCUSSION
Several lines of evidence has shown that BMSCs protect
against liver injury, inhibit the fibrosis of hepatic stellate
cells, and compromise virus control during acute hepatitis
B virus infection by activating the TGF-β1 signal pathway
(22-25), which revealed that TGF-β1 has a strong immunosuppressive effect in vivo and can inhibit acute organ
transplant rejection. The immunosuppressive effects of
TGF-β1 are 10,000 times greater than those of cyclosporine A, and TGF-β1 was previously used as an immunosuppressive agent in animal experiments, such as in a
rat model of allogeneic heart transplantation (26). Also,
some studies have revealed that TGF-β1 has a synergistic effect with CD44 during the epithelial-mesenchymal
transition in the liver cancer cells and induces the transition of the characteristic variation of hepatic progeni-
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In theory, a high expression level of TGF-β1 receptor
should reduce the rate of acute rejection. Consistent
with previous studies, our data showed that TGF-β1 was
beneficial for tolerance during the early stages of liver
transplantation (Figure 1). We also noted that TGF-β1
is essential for the MSC-induced transplant tolerance.
TGF-β1 may inhibit the functions of T cells that contribute to the acceleration of the process of acute rejection
(31). TGF-β1 affects the proliferation, differentiation, and
apoptosis of T cells and exhibits multiple effects on B
cells, macrophages, natural killer cells, and dendritic cells
(32,33). However, recent reports have indicated that the
mechanisms of TGF-β1 in immune response are somewhat paradoxical because it is generally known as an in-
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hibitory cytokine. More evidence has revealed that it has
unexpected properties such as of a master regulator. For
instance, it regulates immune responses in several models of autoimmunity (34,35).
Similarly, in most studies, TGF-β1 has been shown to prevent graft versus host disease (36,37). In solid organ transplantation, recent studies have shown that TGF-β1 could
depress allograft rejection during the early stages (38,39),
but a high expression of TGF-β1 is harmful for long-term
allograft survival (39). Based on these theories, our results established that TGF-β1 was essential for inhibiting
the acute rejection (Figure 1a). We studied whether MSCs
promote long-term graft survival by decreasing the expression of TGF-β1. Consistent with previous findings, we
demonstrated that the MSC-treated mice survived longer
than the MSC-untreated mice (Figure 1b), indicating that
allograft acceptance induced by MSCs relies on the presence of TGF-β1. Histological changes were consistent with
the survival curves (Figure 2).
Independent studies from other groups have shown contrasting results. In some studies, TGF-β1 has been shown to
have protective effects on graft rejection, whereas in other
studies, it has been shown to have damaging effects (4042). TGF-β1 can inhibit acute immune responses caused
by transplant rejection as well as the CD8+ T cell-mediated
rejection, and it was unnecessary by the graft to maintain
a long-term survival rate (43,44). In the present study, we
found that MSCs could regulate the expression of TGF-β1
in the liver allografts and spleen at different time points
following transplantation. In the early stage, MSCs induced
the expression of TGF-β1, but in long-surviving transplants,
the expression was much lower (Figure 3).
In the past, the function of MSCs has been evaluated
in vivo and in vitro immunomodulatory and “tissue reconstruction” properties, making them interesting in
various clinical settings and particularly in organ transplantation (45). Previous studies have shown that umbilical-cord-derived mesenchymal stromal cells (UCMSCs) have a therapeutic effect on the ischemic-type
biliary lesions following liver transplantation (46), and
clinical experimental research has also shown that
MSCs infused following liver transplantation have beneficial effects on patients (47); however, the mechanisms
of the protective effect of MSCs on TGF-β1 for a longterm transplant survival are unclear. The allospecific CTL
and MLR activities showed a noticeable growth when the
MSC-untreated mice were used as the source of effector cells than when the MSC-treated mice and the two

control groups were used (Figure 4), indicating that endogenously produced TGF-β1 can limit the function of
the activation of T cells. The finding represents a potential mechanism, whereby MSCs facilitate long-term acceptance through TGF-β1. Additionally, several studies
have shown that TGF-β1 may impact regulatory T cells
on their suppressive capacity (40-42). Thus, another explanation could be the effect of TGF-β1 on CD4+CD25+
regulatory T cells. We found that CD4+CD25+ T cells
from the MSC-treated mice on POD 7 had an increased
expression of FoxP3, CTLA-4, and IL-10 (Figure 5b). Additionally, data from our experiments support the role
of TGF-β1 in regulating CD4+CD25+ T cells because the
inhibitory activities of CD4+CD25+ regulatory T cells
were obviously diminished in the MSC-untreated mice
on POD 7 (Figure 5). The detailed mechanisms on the
effects of TGF-β1 on the CD4+CD25+ regulatory T cells
and how MSCs adjust the expression of TGF-β1 in organ
transplantation remain to be explored.
In summary, our results showed that MSCs could protect
against graft failure by inhibiting the liver transplant rejection via the regulation of the expression of TGF-β1 in the
mouse model. Thus, the MSC-dependent expression of
TGF-β1 promotes long-term allograft survival by attenuating the activity of CD4+ and CD8+ T cells and by improving the suppressive capacity of CD4+CD25+ regulatory T cells. Our study also suggested that MSCs enhance
the function of CD4+CD25+ regulatory T cells through
TGF-β1 in long-term survival rates of transplants. Overall, the functions of TGF-β1 may be different between
the injury-promoting and injury-protecting responses.
Deeper understanding of TGF-β1 regulated by MSCs in
allogeneic rejection may contribute to the development
of optimized regimens in the prevention of clinical organ
rejection following transplantation.
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