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Abstract: Background: Human umbilical cord mesenchymal stromal cells (UC-MSCs) have low immunogenicity and 
immune regulation. To investigate immunomodulatory effects of human UC-MSCs on MHC class II expression and 
allograft, we transplanted heart of transgenic rats with MHC class II expression on vascular endothelium. Methods: 
UC-MSCs were obtained from human umbilical cords and confirmed with flow cytometry analysis. Transgenic rat 
line was established using the construct of human MHC class II transactivator gene (CIITA) under mouse ICAM-2 
promoter control. The induced MHC class II expression on transgenic rat vascular endothelial cells (VECs) was 
assessed with immunohistological staining. And the survival time of cardiac allograft was compared between the 
recipients with and without UC-MSC transfusion. Results: Flow cytometry confirmed that the human UC-MSCs were 
positive for CD29, CD44, CD73, CD90, CD105, CD271, and negative for CD34 and HLA-DR. Repeated infusion of 
human UC-MSCs reduced MHC class II expression on vascular endothelia of transplanted hearts, and increased 
survival time of allograft. The UC-MSCs increased regulatory cytokines IL10, transforming growth factor (TGF)-β1 
and suppressed proinflammatory cytokines IL2 and IFN-γ in vivo. The UC-MSC culture supernatant had similar ef-
fects on cytokine expression, and decreased lymphocyte proliferation in vitro. Conclusions: Repeated transfusion 
of the human UC-MSCs reduced MHC class II expression on vascular endothelia and prolonged the survival time of 
rat cardiac allograft.
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Introduction

Human umbilical cord mesenchymal stromal 
cells (UC-MSCs) do not express MHC class II 
and costimulatory molecules such as CD40, 
CD80, and CD86 [1, 2]. Recent studies shown 
that MSCs could suppress lymphocyte prolifer-
ation induced by phytohemagglutinin (PHA) and 
were not restricted by MHC [3, 4], and these 
have been tested in the treatment of autoim-
mune diseases, such as animal models of sys-
temic lupus erythematosus and other autoim-
mune diseases [5]. Other researches have con-
firmed MSCs could effectively reduce the 
immune rejection after major organ transplan-
tations, such as heart and kidney transplanta-
tion [6-8].

The immunomodulatory effects of MSCs have 
been confirmed by many experiments and clini-
cal applications [9-12], they demonstrated that 
MSC modulating immunoresponsive cell cyto-
kine production mainly [13]. However, few 
report mentioned about MSC regulating MHC 
antigen expression on transplanted solid or- 
gans.

It is well known that MHC class II molecules are 
critical for the generation and maintenance of 
immune responses. They are heterodimeric cell 
surface molecules that present antigens to 
CD4 positive lymphocytes, and thus play an 
important role in the regulation of allograft 
rejection. The MHC class II antigen distribution 
is greatly different in different species, for the 

http://www.ijcem.com


Umbilical cord MSC suppresses MHC class II expression

1761 Int J Clin Exp Med 2014;7(7):1760-1767

vascular endothelial cells of human and other 
pirates are positive, however, they are negative 
in rodents [14]. 

Vascular endothelial cells (VECs) play an impor-
tant role in immune response, especially in 
rejection of transplanted organ [15]. Our previ-
ous studies also showed that vascular endothe-
lial cells are powerful stimulants of direct rec-
ognition by unprimed allogeneic CD4+ T cells. 
They are the powerful stimulants of xenogenic 
CD4+ T cells in the human anti pig model as 
well [16]. This capacity to stimulate CD4+ T 
cells is likely to be of critical importance in 
transplantation because the CD4+ T cell is, in 
almost all instances studied, the key cell in ini-
tiating allograft rejection responses. Our objec-
tive is to obtain MHC class II expression on 
VECs of commonly transplanted rodent organs 
to test if infusion of human UC-MSC alters the 
rejection of allograft and explore the possible 
immunomodulatory mechanisms.

In this study, we chosen human class II transac-
tivator gene (CIITA) and mouse intercellular 
adhesion molecule 2 (ICAM2) promoter to make 
transgenic rat line. Because CIITA activates 
MHC class II expression, and ICAM-2 gene 
strongly expresses in all VECs in a constitutive 
manner. The tissue distribution of MHC class II 
in the transgenic rodent is favorable for the 
work. 

Materials and methods

Ethnic consideration

This study was approved by an Institutional 
Review Board of Inner Mongolia Medical Uni- 
versity and was conducted in accordance with 
good clinical practice, all applicable regulatory 
requirements and the guiding principles of the 
Declaration of Helsinki. Written informed con-
sent was obtained from each subject for the 
use of their umbilical cords.

Human umbilical stromal cell isolation and 
culture

Human umbilical cords were obtained under 
sterile conditions from full-term infants deliv-
ered by caesarean section; residual blood was 
completely washed by phosphate-buffered sa- 
line (PBS). The umbilical cord membrane and 
blood vessels were removed to retain the 
Wharton’s jelly, which was cut into small pieces 

and then cultured in DMEM/F12 (GIBCO, In- 
vitrogen, UK) supplemented with 10% fetal 
bovine serum (FBS) (GIBCO, Invitrogen). The 
human UC-MSCs were passaged at 80% conflu-
ence after 1-min treatment with 0.25% trypsin 
and 0.02% EDTA (Sigma-Aldrich, UK) at 37°C, 
and centrifugation at 1500 rpm for 10 min at 
4°C.

Immunophenotype analysis

The third passage (P3) of UC-MSCs were tryp-
sinized, suspended in DMEM/F12 at a concen-
tration of 1×106/ml, and cultured until they 
reached 80% confluence. Aliquots of cells (100 
μl) were incubated for 30 min at 4°C with 
mouse anti-human monoclonal antibodies con-
jugated with fluorescein isothiocyanate, HLA-
DR-(FITC), CD29-FITC, CD44-FITC, phycoery-
thrin-conjugated CD34-PE, CD73-PerCP, CD90-
PE, CD105-PE and CD271-PerCP (BD Bios- 
ciences, Plymouth, UK). After incubation, the 
cells were washed twice with PBS. Mouse iso-
typic antibodies PerCP-IgG1, PE-IgG1, and FITC-
IgG1 (BD Biosciences, UK) were used as experi-
mental controls. The cells were then resus-
pended and analyzed by flow cytometry. 

Construction of human CIITA with mouse ICAM-
2 promoter

Human CIITA gene was obtained from TA clon-
ing which was our previous laboratory stock 
[16]. Based on the published mouse ICAM-2 
gene sequence (GI: 51513), the ICAM-2 pro-
moter was isolated from mouse liver genomic 
DNA with PCR. The promoter region was 620 
bases in length and contained TATA inverted 
CAAT, and other well-known general regulatory sequ- 
ences. The CMV promoter in pcDNA3-CIITA was 
removed and replaced by the mouse ICAM-2 
promoter PCR fragment at BglII and BamHI 
restriction enzyme sites. The final construct 
was named as ICAM2-CIITA. 

Production of transgenic rat

The transgene was separated from the con-
struct ICAM2-CIITA by digestion with restriction 
enzymes BcI I and Bgl II, purified by electropho-
resis through an agarose gel, and recovered by 
absorption to glass beads (Qiagen, Hilden, 
Germany) according to the manufacturer’s rec-
ommendations. Transgenic rats were produced 
by the microinjection technique in Edinburgh 
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University. Zygotes for microinjections were 
obtained from superovulated Fischer (RTl1) 
inbred rat strain (Harlan, UK). After microinjec-
tions, the zygotes were transferred at two-cell 
stage into pseudopregnant foster mothers. 

At the age of 3 weeks, the tails of transgenic 
pubs were obtained for DNA isolation using 
standard protocol. To scan and identify the 
transgenic rat offspring, ICAM-2 promoter-spe-
cific primer (GTGACTGCGTTCTAACTT) and hu- 
man CIITA  specific primer (CTTGGGGCTCTG- 
ACAGGT AGGAC) were employed for PCR ampli-
fication. Similarly, this pair of primers was used 
for generating Southern blot probe, which 
dUTP-digoxin (Boehringer Mannheirn, Diagno- 
stics and Biochemicals Ltd, East Sussex, UK) 
was incorporated into the PCR product. After 
digestion with restriction enzymes Hind III and 
BamH I (Nippon Gene , Toyama, JP), the trans-
genic rat genomic DNA samples were separat-
ed under overnight electrophoresis and hybrid-
ized with the PCR generated probes. The trans-
genic rats were housed in a specific pathogen-
free environment and studied according to UK 
Home Office regulations and bred with same 
species to generate homozygote.

Immunohistology of transgenic rat tissues

Samples of heart were obtained from transgen-
ic and wild type rats, which were frozen in liquid 
nitrogen. 10 cm sections were cut and mount-
ed onto polylysine-treated slides. The sections 
were fixed in acetone for 30 minutes and dried 
for overnight in room temperature. The staining 
for immunohistological staining of rat MHC 
class II via the immuno-alkaline phosphatase 
method with mouse anti-rat MHC class II RT1B 
antibody (Beijing Qi Wei Yi Cheng Co. Ltd, China) 
and then counterstaining with hematoxylin 
(Sino-American Biosciences Ltd, Beijing). The 
density of alkaline phosphatase blue staining 
was obtained with the previously described 
method [17]. 

Transgenic rat heterotopic heart transplanta-
tion

Twenty transgenic Fischer and 20 DA strain 
rats, age 20 weeks, weight 220-240 g, were 
defined as donors and recipients. One day be- 
fore transplantation, the recipients were trans-
fused with 107/kg UC-MSCs and then repeated 
every 2 days after transplantation as tested 

group, and the other recipients injected with 
same volume of DMEM/F12 supplemented wi- 
th 10% FBS as control group. 

Heterotopic heart transplantation was carried 
out. The donor ascending aorta and pulmonary 
artery to the recipient abdominal aorta and 
inferior vena cava were anastomosed respec-
tively with 9-0 nylon, essentially as described 
by Wen [18]. Ischemia times were in the range 
of 10-15 min, fifteen heart transplantations ha- 
ve been obtained successfully. The beat of the 
transplanted heart was monitored twice a day. 
Whenever the grafts stopped beating, the rats 
were sacrificed with CO2 and their blood and 
grafts were harvested. 

Cytokine enzyme-linked immunosorbent assay 
(ELISA)

The cytokine levels of rat IL2, IL10, TGF-β1 and 
IFN-γ were measured in the total protein isolat-
ed from transplanted hearts with ELISA kit 
(Tongren, Shanghai, China). 

Rat lymphocyte proliferation, cytokine produc-
tion and MHC class II expression

Peripheral blood lymphocytes (PBMCs) were 
isolated from DA rats by Ficoll-Paque (1.077 g/
ml) density gradient centrifugation, and grown 
in 96-well plates with RPMI-1640 medium (GI- 
BCO, Invitrogen, UK) supplemented with 10% 
FBS. The above prepared UC-MSCs at passage 
3 were harvested and grown in RPMI-1640 
medium containing 10% FBS for 24 hours. The 
culture supernatant of UC-MSC were collected 
and stored in -80°C for next step application. 
The isolated rat lymphocytes were cultured in 
the above collected media of UC-MSC. 

The groups were divided as follows: 10×104, 
5×104, 2.5×104, 1.25×104 lymphocytes cul-
tured in RPMI 1640 with 2 μg/ml PHA (Sigma-
Aldrich, Beijing) as a positive control, and the 
same number of lymphocytes was grown in the 
culture supernatant of UC-MSC containing  
2 μg/ml of PHA. Each trial was repeated in trip-
licate. Cell counting kit, CCK-8 (Tongren 
Company, Shanghai, China) was used to assess 
the immunomodulatory impact of UC-MSC on 
rat peripheral blood lymphocytes after PHA 
stimulation. The procedure was carried out 
according to the manufacturer’s protocol. The 
inhibitory effects of soluble factors secreted by 
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UC-MSC on lymphocyte proliferation were eval-
uated by comparing the optical density (OD620) 
in wells of lymphocytes grown in the positive 
control medium.

Proinflammatory cytokines, IL2 and IFN-γ in the 
above lymphocyte culture supernatant were 
quantified with ELISA. MHC class II expression 
on the rat lymphocytes was measured with flow 
cytometry analysis.

Statistical analysis

Data were presented as mean ± standard devi-
ation. The statistical significance was assessed 
by Student’s t-test and a p value <0.05 was 
considered statistically significant. The Kaplan–
Meier plot was used for estimating the survival 
function from lifetime data.

Results

Human UC-MSC markers

The cell-surface markers of the UC-MSCs were 
examined by FACS analysis. All cell populations 
were found expressing CD29, CD44, CD73, 
CD90, CD105 and CD271 cell markers, where-
as no cells expressing HLA-DR and CD34. 

Human CIITA activated MHC class II expression 
in transgenic rat

To find the possibility of human CIITA induce rat 
MHC class II expression, construct ICAM-2/
CIITA was injected into fertilized rat oocytes. 
Total 380 oocytes were injected, 3 transgenic 
founder rats were obtained, however only 1 rat 
expressed the transgene and induced MHC 
class II expression in cardiac vascular endothe-
lial cells. Most of the microinjected oocytes 
were either stopped developing and died or 
died at the foetal stage. The transgenic male 
rat was mated with wild-type females, and pro-
duced 86 transgenic offspring, which were con-
firmed with transgene PCR and Southern Blot. 
The transgenic rats showed variation in the 
MHC class II expression in different tissues. No 
or very weak expression of MHC-class II RT1B 
could be found on vascular endothelial cells of 
lung, kidney, brain and liver. However, the 
expression on vascular endothelia of heart was 
strong positive (Figure 1A).

UC-MSCs suppressed MHC class II expression 
on VECs in the cardiac allografts

Immunohistological staining showed MHC-
class II RT1B negative on the cardiac vascular 

Figure 1. MHC class II expression on VECs of rat heart. Immunohistological staining of rat MHC class II antigens with 
mouse anti-rat MHC class II RT1B antibody and secondary antibody. A. Transgenic Fischer rat; B. Wildtype Fischer 
strain rat; C. Transgenic Fischer rat cardiac allograft, its receipt injected with control medium; D. Transgenic Fischer 
rat cardiac allograft, its receipt transfused with UC-MSCs; E. Semi-quantitative measurement of the immunohisto-
logical stain of MHC class II on VECs (MHC class II staining blue pixels/mm2). *P < 0.05, **P < 0.01, compared 
with A; ##P < 0.01, compared with D.



Umbilical cord MSC suppresses MHC class II expression

1764 Int J Clin Exp Med 2014;7(7):1760-1767

endothelia of the inb- 
red wild type Fischer 
rat (Figure 1B), but 
strong positive in the 
transgenic rats (Figu- 
re 1A). The transplant-
ed hearts were sec-
tioned for MHC class II 
staining. Its expres-
sion was suppressed 
on cardiac vascular 
endothelia in the rats 
by infusion of UC-MSCs 

Figure 2. Survival comparison of cardiac allograft in control and UC-MSCs group. A. 
Survival curve; B. Column comparison for mean survival time, **p < 0.001.

compared with the animal models by injection 
of tissue culture medium (Figure 1C and 1D). 
Semiquan titative measurement of the immu-
nohistological stain of MHC class II showed sig-
nificantly different in the two groups (p < 0.001, 
Figure 1E).

The survival time of cardiac allograft

Before 24 hours of heart transplantation, 7 
recipients were repeatedly transfused with 
107/kg UC-MSCs as a tested group, and 8 of 
them injected with tissue culture medium 
(MEM/F12, 10% FBS) as a control. The survival 
time of allograft was recorded when the trans-
planted heart stopped beating. Injection of hu- 
man UC-MSCs significantly promoted the mean 
cardiac allograft survival time (16.5+4.7 days) 
compared with that of control group (4.8+2.1 
days) (p < 0.001, Figure 2).

Soluble factors secreted by human UC-MSCs 
suppressed rat lymphocyte proliferation and 
cytokine production

The experiment was designed to investigate 
whether soluble factors secreted by human 
UC-MSC could inhibit lymphocyte proliferation 
triggered by PHA. The PBMCs from rats were 
stimulated with PHA in the presence or absence 
of human UC-MSC culture supernatant. The 
lymphocyte proliferation was recorded as OD- 
620. The results demonstrated that soluble 
factors of UC-MSC inhibited the proliferation of 
PBMC in response to mitogen treatment were 
44-56% (Table 1). 

The proinflammatory cytokines, IL2 and IFN-γ 
production by lymphocytes after PHA stimula-
tion was suppressed with human UC-MSCs cul-
ture supernatant by 81.2-92.8% and 60.9-
89.2% respectively (Table 1). The anti-inflam-

matory cytokines, IL10 and TGF-β1 were not 
measured as human UC-MSCs secrete the si- 
milar cytokines which could interfere in the 
ELISA results.

Flow cytometry analysis showed MHC class II 
expression on rat lymphocytes being not sup-
pressed significantly with human UC-MSC cul-
ture supernatant (data not shown). 

UC-MSCs regulated cytokines expression in 
cardiac allografts

The rat cytokines in the isolated total protein in 
the cardiac allografts were measured with 
ELISA. The IL2, IFN-γ, TGF-β1 and IL10 was 
changing to 125.5±67.6 pg/g, 10.7+4.5 pg/g, 
533.1±193.7 pg/g and 894.2±241.9 pg/g res- 
pectively in the total protein isolated from the 
cardiac allografts with the UC-MSC injection. 
However, the cytokines being 1124.7±566.3 
pg/g, 122.3+43.8 pg/g, 398.1±121.7 pg/g 
and 123.3±54.5 pg/g in the control allografts. 
These results indicated that the immunomodu-
latory effects of UC-MSCs might be associated 
with inhibition of IL2 and IFN-γ and enhancing 
TGF-β1, IL10 secretion by different cells in the 
allografts.

Discussion

In current study, adoptively transferred human 
umbilical cord mesenchymal stromal cells 
(UC-MSCs) promoted rat cardiac allograft toler-
ance in vivo. This is the first report involving 
human UC-MSCs altering rat immune response 
through regulation of cytokine production and 
MHC class II expression on vascular endotheli-
al cells in a rat cardiac transplant model. This 
study strengthened the fact that repeated 
transfusion of human UC-MSCs prolong rat allo-
geneic cardiac graft survival time, reduce MHC 
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class II expression on vascular endothelium, 
suppress proinflammatory cytokine production 
and increase anti-inflammatory cytokine exp- 
ression in allografts.

Human UC-MSCs express mesenchymal mark-
ers CD29, CD44, CD105, CD73, CD90 and 
CD271, but do not express MHC class II mole-
cules [19, 20]. They primarily suppress T cell 
proliferation and proinflammatory cytokine pro-
duction [21], and induce organ transplantation 
immune tolerance [6]. The immunosuppressive 
property of MSCs is an attractive tool for modu-
lating transplantation rejection. 

As the rats we used here were not immune-
suppressed, the transfused human UC-MSCs 
being rapidly eliminated by rat immune res- 
ponse from circulation, which means the 
effects of UC-MSCs being transient in vivo. The 
multiple administration of UCB-MSC was re- 
quired to prevent allograft rejection. 

Although the immunomodulatory effect of 
UC-MSCs has been confirmed by many experi-
ments, the specific mechanism of immune sup-
pression is still controversial. We found that the 
proliferation of lymphocytes stimulated with 
mitogen was inhibited by the human UC-MSC 
culture supernatant in vitro. The results sug-
gest that suppression may be induced by the 
soluble factors secreted by the mesenchymal 
cells. 

It is well known that IL2 and IFN-γ modulate 
cell-mediated immunity and immune rejection. 
This study revealed that the soluble factors of 
UC-MSC suppressed the proinflammatory cyto-
kine expression in vitro. Because UC-MSCs 
also express IL10 and TGF-β1, which may affect 
ELISA accuracy, that is why we did not measure 
the anti-inflammatory cytokines in the culture 
supernatant of rat lymphocytes. Although MHC 

class II expression on B lymphocytes was not 
reduced significantly with UC-MSC culture 
supernatant, the above experimental data con-
firmed the unknown soluble factors secreted by 
the mesenchymal cells had immunoregulatory 
effects on rat lymphocyte.

Similarly, we found that the repeated injection 
of human UC-MSCs suppressed proinflamma-
tory and increased anti-inflammatory cytokine 
secretion in cardiac allografts, suggesting that 
the combination of UC-MSCs and their secret-
ed unknown soluble factors may play an impor-
tant role in the reducing the incidence of 
immune rejection by these mechanisms. Be- 
cause of the immune regulatory activity, 
UC-MSCs are implicated in roles for controlling 
organ transplantation rejection. The injection 
of human UC-MSCs down-regulated MHC class 
II expression on vascular endothelial cells and 
their secreted soluble factors had negative reg-
ulation on proinflammatory cytokines in vivo, 
whereas their soluble factors did not affect 
class II expression on lymphocytes after mito-
gen stimulation in vitro. 

The injection of human UC-MSCs to rat recipi-
ents were able to prolong the survival of allo-
genic cardiac grafts, the possible mechanisms 
of immunosuppression are UC-MSC-mediated 
suppression of proinflammatory cytokine ex- 
pression, such as IL2 and IFN-γ and increasing 
immunoregulatory cytokine expression, ie IL-10 
and TGF-β1 in vivo. The change of cytokine 
expression pattern may partially explain why 
the human UC-MSCs induced the transgenic 
cardiac allografts immunotolerance. 

MHC class II expression on vascular endotheli-
al cells plays an important role in organ trans-
plantation rejection [22]. The very complex and 
tight regulation of expression of the MHC II 
gene family has direct implication for T-ly- 

Table 1. Lymphocyte proliferation and cytokine production

PHA 2 μg/ml
Number of PBMCs in each well

10×104 5×04 2.5×104 1.25×104

Control medium (OD620) 0.92±0.12 0.58±0.10 0.28±0.08 0.18±0.04
UC-MSC culture supernatant (OD620) 0.52±0.08 0.28±0.06 0.13±0.05 0.08±0.05
IL2 (pg/ml) in control medium 1133.2±203.4 650.8±143.1 300.8±120.4 120.2±44.5
IL2 (pg/ml) in UC-MSC medium 212.9±73.5 78.1±22.1 20.4±3.9 8.6±1.6
IFN (pg/ml) in control medium 88.5±31.1 42.4±18.3 14.2±4.1 6.5±1.0
IFN (pg/ml) in UC-MSC medium 34.6±16.6 6.5±2.5 1.6±1.2 0.7±0.4
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mphocyte activation and thus for organ trans-
plantation rejection immune response. In this 
study, we employed mouse ICAM2 promoter 
and human CIITA gene to make transgenic 
murine model to induce MHC class II expres-
sion on rat VECs in vivo. As we expected, the 
induced MHC class II strongly expressed on 
VECs in some organs of the transgenic rat, 
especially in heart and brain. The special distri-
bution of induced VEC MHC class II expression 
was favorable for our project as we know the 
increased MHC class II expression on VECs 
enhances allogenic organ transplantation reje- 
ction [23]. 

Human UC-MSCs inhibited constitutive MHC 
class II expression on vascular endothelium in 
allogenic cardiac allografts in vivo, which may 
further explain why UC-MSCs enhancing the 
survival of allografts. However, the exact mech-
anisms of suppressing MHC class II expression 
on vascular endothelia is not clear, more work 
is needed to clarify. 

In addition, the experiment indicated that MHC 
class II positive on VECs in transgenic heart 
shortened the survival time of cardiac allografts 
compared with the similar work published 
recently [24]. Importantly, transfusion of human 
UC-MSCs inhibited MHC class II expression and 
reversed the effects caused by MHC class II 
expression on VECs. These results may have 
potential use for human organ transplantation 
in the future. 

In summary, we demonstrated that the immu-
nomodulatory effects of UC-MSCs are likely 
mediated by multiple factors. The human UC- 
MSCs could reduce or even block MHC class II 
expressions on vascular endothelial cell sur-
face in cardiac allografts and decrease proin-
flammatory cytokines IL2 and IFN-γ, at the 
same time, enhance anti-inflammatory cyto-
kines, such as IL10 and TGF-β1 expression in 
vivo. The soluble factors secreted by human 
UC-MSC have immunoregulatory effects as 
well.
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