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Background and Objectives: Systemic scleroderma (SSc) is a rare and serious connective tissue disease, an autoimmune 
disease, and a rare refractory disease. In this study, preventive effect of single systemic human umbilical cord mesen-
chymal stem cells (UC-MSCs) transfusion on SSc was preliminarily explored.
Methods and Results: SSc mouse model was established by daily intradermal injection of Hypochlorite (HOCl). SSc 
mice were treated by single transfusion of UC-MSCs at 0.625×105, 2.5×105 and 1×106 respectively. At the 42nd day 
of intradermal injection of HOCl, the symptoms showed up by skin and alveolar wall thickening, lymphocytic infiltra-
tion, increased collagen in skin/lung, and the increased proportion of CD3＋CD4＋CD25＋FoxP3＋ cells (a Treg subset) 
in spleen. After UC-MSCs transfusion, the degree of skin thickening, alveolar wall thickening and lymphocyte infiltra-
tion were decreased, the collagen sedimentation in skin/lung was decreased, and the proportion of CD3＋CD4＋CD25＋

FoxP3＋ cells was decreased.
Conclusions: UC-MSC can achieve a preventive effect in SSc mice by fibrosis attenuation and immunoregulation.
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Introduction 

  Mesenchymal stem cell (MSC) regulates the activation, 
differentiation, maturation, inflammatory factor secretion 
and migration of various lymphocytes (1). MSC also has 
the potential to influence the differentiation, maturation 
and immune function of antigen-presenting cells (APCs) 
to transform APCs into suppressive or tolerant form (2). 
Due to the low immunogenicity and excellent immunor-
egulation effect, MSC has been widely applied for various 
autoimmune diseases, including: Systemic scleroderma 
(SSc), systemic lupus erythematosus, psoriasis, Crohn’s 
disease and graft verus host disease (GVHD) (3-6). 
  Systemic scleroderma (SSc) is a rare autoimmune dis-
ease, which mainly influences the middle-aged patients, 
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its morbidity rate varies in different countries at 100∼
300/1,000,000. With the main characteristics of vascular 
endothelial impairment and diffuse fibrosis, SSc mainly 
affects the skin and lung tissues, as well as the function 
of the heart and digestive tract (7). The earliest and most 
common symptoms of SSc are skin sclerosis and Raynaud’s 
phenomenon. Up until now, no cure has been found and 
only the conservative treatment were used to ease the pain 
and maintain the organ functions (8). MSCs transfusion 
is regarded as a very prospective method for SSc treatment.
  In 2008, the first article on the SSc treatment with 
MSCs was published by German Christopeit et al. (9): in 
the female SSc patient of 41 years old, at 6 months after 
the intravenous injection of MSCs derived from related 
donor bone marrow, the ulcer at multiple sites was sig-
nificantly improved. In 2011, 5 SSc patients were reported 
by German Keyszer et al. (10): after the transplantation 
of MSCs derived from related donor bone marrow, the in-
dices such as modified Rodan skin score (MRSS), pulmo-
nary function and ulcers were obviously improved. In 
2012, 5 SSc patients were reported by Akiyama et al. (11): 
after the transplantation of umbilical cord mesenchymal 
stem cells (UC-MSCs), health assessment questionnaire 
disability index (HAQ-DI) was improved. In 2015, 12 fe-
male SSc patients were reported by French Granel et al. 
(12): at 6 months after the hypodermic injection of autoge-
nous adipose MSCs in finger, hand function and quality 
of life were obviously improved. Many studies have shown 
that MSC has the effects on immune remodeling, anti-fib-
rosis, antioxidation, promoting angiogenesis and so on.
  Mouse bone marrow-derived MSC (BM-MSC) and adi-
pose-derived MSC (AD-MSC) are the popular choices to 
treat SSc animal models. However, compared to BM-MSC 
and AD-MSC, UC-MSC is younger, less affected by ex-
ternal environment, lower immunogenicity and stronger 
immunomodulatory function, easier to carry out quality 
control and industrialization (13). Therefore, we chose 
UC-MSCs to treat SSc, and preliminarily explored the re-
lated mechanism.

Materials and Methods

Ethics statement
  This study protocol was approved by the Ethics 
Committee of School of basic Medicine, Central South 
University under the number 2020KT-20. This study was 
conducted in accordance with the guidelines of Helsinki 
Declaration.

MSC culturing
  Human UC-MSCs were provided by Hunan Provincial 
Bank of Stem Cells, National Engineering Research 
Center of Human Stem Cells. Its quality conformed to the 
use standard for quality control, delivery and clinical trial 
in National Engineering Research Center of Human Stem 
Cells. The UC-MSCs was cultured to the fourth gen-
eration for experiment.

T cell proliferation test
  With the informed consent of healthy volunteers, pe-
ripheral blood was collected. Peripheral blood mono-
nuclear cells (PBMCs) were obtained through the separa-
tion with human peripheral blood lymphocyte separating 
solution. MSCs treated with Mitomycin C (Sigma, USA) 
were inoculated in 24-well plate. After the overnight cul-
ture, PBMCs were inoculated by 1×106 cells/well, which 
was then cultured in RPMI-1640 (Hyclone, USA) contain-
ing 10% FBS. Phytohemagglutinin (PHA, 10 μg/ml) 
(Sigma, USA) was added to stimulate PBMCs. PBMCs 
were treated by CFDA-SE Cell Proliferation Assay 
Tracking Kit. Proliferation conditions of T cells were de-
termined by flow cytometry.

Cytokine measurements
  PBMCs from healthy volunteers were co-cultured with 
MSCs treated by Mitomycin C in 24-well plate. Typical 
cell factors related to inflammation in the supernatant 
were measured by Luminex technique, including: pro-in-
flammatory factors and inflammation-inhibitory factors.

Experimental design and animals
  8-weeks-old and pathogen-free female BALB/c mice 
(bought from Hunan SJA Laboratory Animal Co., Ltd.) 
were raised and cared. All animal experiments were con-
ducted in agreement with the Guide for the Care and Use 
of Laboratory Animals. During the study period, the skin 
thickness was measured weekly. As previously described, 
HOCl was prepared temporarily just before the use (14).
  A total of 400 μl HOCl was injected intradermally in 
two sites daily into the back of mice, continuously for 42 
days (6 weeks). In blank control group, phosphate buffer 
solution (PBS) was injected daily under same conditions. 
In UC-MSC group, at Day 0 of modeling, 100 μl 
UC-MSCs was transfused in tail vein at the cell doses of 
0.625×105 cells (low dose group), 2.5×105 cells (medium 
dose group) and 1×106 cells (high dose group) respectively 
(Fig. 1). At Day 42, the mice were sacrificed through the 
peritoneal injection of excessive anesthetics, and skin, 
lung and spleen tissues of mice were taken.
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Fig. 1. Protocol of animal experiment. 
In the induced SSc mouse model, 
HOCl (400 μl/d) was injected intra-
dermally for 42 days in 8-weeks-old 
female BALB/c mice. In control group, 
PBS was injected intradermally at 
equivalent dose. In UC-MSCs treat-
ment groups, at Day 0 of modeling, 
100 μl UC-MSCs were infused once 
in tail vein of mice at the doses of 
0.625×105 cells (low dose group), 
2.5×105 cells (medium dose group) 
and 1×106 cells (high dose group). 
The skin thickness of mice was 
measured weekly in each group. At 
Day 42 (i.e. Week 6), the mice were 
sacrificed, and specimens were col-
lected for histopathological exami-
nation and analysis of lymphocyte 
subsets in splenocytes.

Histopathological analysis
  HE staining was made on paraffin sections of skin and 
lung tissues. Dermis thickness was measured by randomly 
selecting 30 points in the sections of skin and lung tissues 
of each mouse. Through Masson’s Trichrome Stain Kit 
(Solarbio, China), Masson Trichrome staining was made 
to stain the collagen in the sections of skin and lung 
tissues. Through the immunofluorescence staining, TGF-
β1＋ cells, α-SMA＋ cells and F4/80＋ cells were labeled 
in the sections of skin and lung tissues. For the immuno-
fluorescence staining, the following primary antibodies 
were used: rabbit anti-mouse TGF beta 1 polyclonal anti-
body, goat anti-mouse alpha smooth muscle actin poly-
clonal antibody and rabbit anti-mouse F4/80 polyclonal 
antibody (Abcam, UK). 

Flow cytometry
  In vitro test, proliferation conditions of T cells and im-
mune cell subsets of PBMCs were determined by flow 
cytometry. The following antibodies were used: Mouse 
Anti-Human CD3-FITC, Mouse Anti-Human CD4-PE, 
Mouse Anti-Human CD8-APC, Mouse Anti-Human CD25- 
APC and Mouse Anti-Human CD127-PE/Cy7 (Biolegend, 
USA).
  In vivo test, change of immune cell subsets in the sple-
nocytes of mice was determined by flow cytometry. The 
following antibodies were adopted: Rat Anti-Mouse CD3- 
FITC, Rat Anti-Mouse CD4-PE, Rat Anti-Mouse CD8a- 
APC, Rat Anti-Mouse CD19-PE and Mouse Regulatory T 
Cell Staining Kit (Invitrogen, USA).

Statistical analysis
  Quantitative data were expressed with mean±standard 
deviation (SD). Gaussian distribution of measurement da-
ta were determined by Shapiro-Wilk normality test, and 
then the data were compared by Student’s t test. Data in-
cluded in more than two groups were analyzed by one-way 
ANOVA method. The data were statistically analyzed by 
GraphPad Prism 6 software. p＜0.05 indicated that the 
difference was significant.

Results

In vitro UC-MSCs regulated T cell proliferation and the 
proportion of the lymphocytes subsets 
  According to the literatures and preliminary results of 
this study, MSCs have the ability to inhibit the pro-
liferation of active PBMCs (data not shown). In this study, 
compared to the PHA-PBMC positive control group, the 
proliferation of T cells was inhibited by UC-MSCs. The 
inhibition effect is positively linked to the concentration 
of PBMCs (Fig. 2A and Fig. 3A).
  With PHA stimulation, the proportion of CD3＋ T cells 
in PBMCs was decreased; the proportion of CD4＋ T cells 
was decreased; the proportion of CD8＋ T cells was in-
creased; the proportion of CD3＋CD4＋CD25＋CD127− 
Treg cells in CD3＋ T cells was decreased; actual count 
of Treg cells was decreased by nearly 60%; since the pro-
portion of CD4＋ cells was significantly decreased, the pro-
portion of Treg cells in CD3＋CD4＋ T cells increased on 
the contrary. Different outcomes when we co-cultured 
them with MSCs without PHA stimulation, the proportion 
of CD3＋ T cells in human PBMCs was decreased; the pro-
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Fig. 2. UC-MSCs regulated the proportion of lymphocyte subsets. (A) UC-MSCs inhibited the proliferation of T cells (PBMCs/MSCs ratio 
was 1,000：1, 100：1 and 10：1 respectively). (B) The proportion of CD3＋ T cells in total lymphocytes. (C) The proportion of CD3＋CD4＋

helper T cells in CD3＋ T cells. (D) The proportion of CD3＋CD8＋ cytotoxic T cells in CD3＋ T cells. (E) The proportion of CD3＋CD4＋CD25＋

CD127− Treg cells in CD3＋ T cells. (F) The proportion of Treg cells in CD3＋CD4＋ T cells. (G) The count of Treg cells. The concentration 
of cell factors in the supernatant of culture medium: (H) IFN-γ, (I) TNF-α, (J) IL-2, (K) IL-17, (L) IL-10. *p＜0.05, **p＜0.01 and ***p
＜0.001.
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Fig. 3. The representative FACS cy-
tograms of vitro experiment. The ef-
fect of (A) different ratios of UC- 
MSCs (PBMCs/MSCs ratio was 1,000 
and 1 and 10：1 respectively) on T 
cell proliferation, and the effect of 
UC-MSCs on the proportion of (B) 
CD3＋ T cells (C) CD3＋CD4＋ helper 
T cells, (D) CD3＋CD8＋ cytotoxic T 
cells, (E) CD3＋CD4＋CD25＋ Treg 
cells, (F) CD3＋CD4＋CD25＋CD127−
Treg cells with or without PHA 
stimulation.

portion of CD4＋ T cells was decreased; the proportion of 
CD8＋ T cells was increased; the proportion of Treg cells 
in CD3＋ T cells and CD3＋CD4＋ T cells was decreased; 
actual count of Treg cells was obviously decreased; change 
trend of MSCs for influence on PBMC cell subsets was 

similar to that for PHA influence. These data indicated 
MSCs were pro-inflammatory under non-inflammatory 
conditions.
  Under inflammatory environment, MSCs were infla-
mmation-inhibitory. When MSCs were stimulated by 
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PHA, the proportion of CD3＋ T cells in PBMC lympho-
cytes was increased; the proportion of CD3＋CD4＋ T cells 
in CD3＋ T cells was increased; the proportion of CD3＋

CD8＋ T cells in CD3＋ T cells was decreased; the pro-
portion of Treg cells in CD3＋CD4＋ T cells was sig-
nificantly decreased; but the proportion of Treg cells in 
CD3＋ T cells or its actual count was not significantly 
changed in this process. Therefore, under inflammatory 
environment, MSCs rescued PHA’s inhibitory effect on 
Treg cells (Fig. 2B∼G and Fig. 3B∼F).

Influence of MSCs on lymphocyte secretion of cell 
factors
  Compared to the PBMC＋PHA group in the super-
natant of culture medium collected after the co-culturing 
of MSCs and PBMCs, the concentration of pro-in-
flammatory IFN-γ, TNF-α, IL-2 and IL-17 determined 
by Luminex technique was obviously decreased (Fig. 2H
∼K). The concentration of inflammation-inhibitory factor 
IL-10 was nearly doubled in the MSC group (Fig. 2L), 
verifying the inflammation-inhibitory role of MSCs.

Skin thickening and alveolar wall thickening were 
alleviated after the UC-MSCs treatment in HOCl-SSc 
mice
  At Day 0, UC-MSCs at different doses were systemati-
cally transfused first by single injection. The skin thick-
ness data of mice during the 42-day modeling period were 
summarized (Fig. 1 and Fig. 4A), showing that UC-MSCs 
had an effect of preventive treatment in HOCl-SSc mouse 
model. As shown by the weekly relative change ratio of 
skin thickness during 42-day modeling period, the skin 
thickness in control group was slightly decreased; the skin 
thickness in HOCl group was significantly increased; and 
the skin thickness was significantly inhibited in cytother-
apy groups of three doses (Fig. 4B). At Day 42, skin thick-
ness in UC-MSC groups of three doses was significantly 
decreased than that in HOCl group (Fig. 4C). In the 
HOCl group, skin thickness was increased; in UC-MSC 
groups of low, medium and high dose, the skin thickness 
was not changed by 6.67% (1/15), 28.57% (4/14) and 40% 
(6/15) respectively. Higher the UC-MSCs concentration, 
the less increase in skin thickness (Fig. 4D). As also fur-
ther verified by the change in dermis thickness, UC-MSCs 
were effective at a dose-dependent relation in SSc mice 
(Fig. 4E). 
  As shown by HE staining on sections of mice skin, after 
the UC-MSCs treatment, the extracellular matrix (ECM) 
sedimentation and the cell infiltration in skin were de-
creased, and the skin thickness was decreased more ob-

viously with the increase in dose of UC-MSCs (Fig. 4F). 
As shown by HE staining on sections of lung tissues, the 
fibrosis injury of mice lung in UC-MSC groups was light-
er than that in HOCl group. With the increase in dose 
of MSCs, the structure of alveolar wall was more approxi-
mated to normal state, and fewer cells were infiltrated 
(Fig. 4G).

Collagen sedimentation in skin and lung tissues of SSc 
mice was decreased, fibrosis marker level was 
down-regulated, and macrophages were decreased 
after the UC-MSCs treatment
  Larger Masson Trichrome staining-stained (in blue and 
green) area in the HOCl-induced disease model indicated 
an increase of the collagen sedimentation. After the 
UC-MSCs treatment, the blue staining area in mice skin 
was obviously decreased, indicating that the collagen con-
tent was lower (Fig. 5A). As shown by the collagen sedi-
ment situation in the lung tissues, the MSCs transfusion 
showed the same effect in the skin (Fig. 5B). Quantificati-
on of the collagen-staining was accomplished by Image J 
(Fig. 5C and 5D), the change of collagen content in skin 
and lung tissues of mice was relevant to the dose of 
UC-MSCs in UC-MSC groups: the larger dose of cells, the 
lower content and closer to normal level of collagen in 
tissues.
  As shown by immunohistochemistry results, the cells 
with positive results of TGF-β1, α-SMA and F4/80 in 
mice skin were significantly decreased in UC-MSC groups 
compare to HOCl group (Fig. 6A). The influence of MSCs 
showed dose dependence effect by quantitating the TGF-
β1-positve cells and α-SMA-positve cells; medium dose 
group and high dose group were not significantly different 
compare to control group; and their expression level was 
lower in high dose group. Therefore, after UC-MSCs treat-
ment, the degree of fibrosis in the skin of SSc mice, mac-
rophage infiltration and secretion of inflammatory factor 
were all decreased (Fig. 6B∼D).
  In short, as shown by histological analysis, a significant 
effect of dose dependence effect was achieved in SSc mice 
after UC-MSCs treatment, such as resistance against fib-
rosis, collagen sedimentation and macrophage infiltration. 
At the dose of 1×106 cells, the therapeutic effect of MSC 
was the most significant, i.e. equivalent to about 3.88×108 
cells for once injection in a person of 70 kg (based on the 
ratio of equivalent dose between human being and animals 
converted according to the body surface area).
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Fig. 4. Therapeutic effect of UC-MSCs in SSc mouse model. (A) The skin thickness of mice (n=15). (B) Compared to the skin thickness 
of mice before modeling, the weekly increase percentage of skin thickness (n=15). (C) The increase percentage of skin thickness at Day 
42 (n=15). (D) The proportion of mice with an increase, no change or decrease of skin thickness at Day 42 (n=15). (E) Dermis thickness 
of skin sections; HE staining on the representative sections of (F) skin and (G) lung obtained at Day 42 (amplification ratio 200×). *p＜0.05, 
**p＜0.01 and ***p＜0.001.

Changes of immune cell subsets in the spleen of SSc 
mice
  Compared to the control group, the proportion of CD3＋ 
T cells and CD19＋ B cells was not obviously changed in 

the HOCl group; and the proportion of CD3＋CD4＋ help-
er T cells in CD3＋ T cells was significantly decreased; the 
proportion of CD3＋CD8＋ killer T cells in CD3＋ T cells 
was significantly increased; and the count of CD3＋CD4＋
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Fig. 5. Staining of collagen in the 
sections of skin and lung tissues. 
Representative sections of (A) skin 
and (B) lung obtained at Day 42 
(amplification ratio 200×), sections 
were stained with Masson Trichrome 
staining. Analysis of Masson Trich-
rome staining on (C) skin and (D) 
lung sections by Image J software 
and calculation of collagen volume 
fraction (n=15). *p＜0.05, **p
＜0.01 and ***p＜0.001.

CD25＋FoxP3＋ Treg cells and its proportion in CD3＋CD4＋ 
T cells was significantly increased.
  In the MSC groups of three different doses, the pro-
portions of T cells and B cells in the lymphocytes of SSc 
mice were not obviously changed over that in the HOCl 
group. Compared to the HOCl group, the proportion of 
CD4＋ helper T cells was increased in UC-MSC groups, 
and the proportion and the count of CD8＋ killer T cells 
and Treg cells were decreased, which was the most sig-
nificantly different in high dose group. The changed pro-
portion of the immune cells confirmed the immunor-
egulatory role of the MSCs (Fig. 6E∼J and Fig. 7).

Discussion

  SSc patients are mainly treated by anti-inflammation, 
immunoregulation, treatment of vascular lesion and an-
ti-fibrosis, which has a long treatment course and causes 
obvious adverse drug reactions (15-17). With various 
strong effects such as self-duplication, immunoregulation, 
vascularization promotion and secretion, MSC becomes 

the hot spot of treatment for autoimmune disease. 
Compared to MSCs from healthy people, proliferation 
ability, metabolism activity, migration ability and invasion 
ability are lower in MSCs from SSc patients (18, 19). 
MSCs extracted from umbilical cord of fetus tissues are 
more primordial, which possess a stronger proliferation 
ability, lower immunogenicity and stronger immunor-
egulation ability; therefore, UC-MSC is a better drug can-
didate for autoimmune disease. As verified in our study, 
human UC-MSC possessed a strong effect of preventive 
treatment for SSc mice. Different from murine BM-MSC, 
UC-MSC could significantly decrease the thickness of the 
skin on the seventh day of treatment. The efficacy of hu-
man UC-MSC was at a relation of dose dependence. The 
efficacy of low, middle and high level was achieved by the 
cell doses of 0.625×105, 2.5×105 and 1×106 respectively 
for improving the skin thickness, pulmonary fibrosis and 
collagen sedimentation, reducing the expression level of 
fibrosis proteins (such as TGF-β1 and α-SMA), decreas-
ing the macrophage aggregation and regulating the im-
mune cells. During the whole 42-day study observation pe-
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Fig. 6. The immunoregulatory effect of UC-MSCs in vivo. (A) Immunofluorescence staining on representative sections of skin obtained 
at Day 42 (TGF-β1＋: green, α-SMA＋: red, F4/80＋: green, DAPI: blue), amplification ratio 100× for left diagram, amplification ratio 400×
for right diagram of each group; Analysis of immunofluorescence staining on skin sections by Image J software (n=6) and calculation 
of fluorescent area percentage of (B) TGF-β1＋, (C) α-SMA＋ and (D) F4/80＋ in the skin. The proportion of (E) CD3＋ T cells and (F) 
CD19＋ B cells in the splenocytes; the proportion of (G) CD3＋CD4＋ helper T cells and (H) CD3＋CD8＋ killer T cells in CD3＋ T cells; 
the proportion of (I) CD3＋CD4＋CD25＋FoxP3＋ Treg cells in CD3＋CD4＋ T cells; and the count of (J) Treg cells. *p＜0.05, **p＜0.01 
and ***p＜0.001.
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Fig. 7. The representative FACS cy-
tograms of vivo experiment. The 
proportion of (A) CD3＋ T cells, (B) 
CD19＋ B cells, (C) CD3＋CD4＋

helper T cells and CD3＋CD8＋ kill-
ing T cells, (D) CD3＋CD4＋CD25＋

FoxP3＋ Treg cells in splenocytes of 
SSc mice treated with different doses 
of UC-MSCs.

riod, the efficacy of human UC-MSC was stable. The con-
tinuous HOCl injection did not affect the strong pro-
tective effect of UC-MSC. Human UC-MSC has a longer 
term of effect compared to the mouse BM-MSC. In the 
future, the time of efficacy maintenance will be further 
explored. 
  In SSc, the mononuclear cell count is often increased 
or is activated, such as T lymphocyte, macrophage and 
mastocyte. In addition, eosinophil and endothelial cell are 
also activated (20-23). In addition, as main type of cell for 
acquired immune response, B cell produces excessive au-
toantibodies and immune complexes to cause an organ in-
jury (24). In this study, the proportion or the count of B 
cells were not changed, and the change of its function 
should be further studied. Under the stimulation of PHA 
in vitro, or in the mouse model induced by HOCl, the pro-
portion of CD4＋ T cells was decreased but the proportion 
of CD8＋ T cells was increased, and such abnormal change 
in the proportion of T cells could be regulated by MSCs, 
which was same as the conclusion of several relevant liter-

atures (25-27). In the studies on SSc, whether Treg content 
was increased or not was still controversial. Some liter-
atures reported that the number or proportion of Treg in 
patients with SSc was increased (28), while others reported 
that the proportion of Treg in patients with SSc remained 
unchanged or decreased (29). This may be related to the 
course of disease, severity, disease subtypes, history of 
drug treatment, etc., as well as the cell surface markers 
used in Treg detection. In recent years, the literatures 
have shown that Treg cells can be divided into many sub-
groups, and their immunomodulatory effects are different. 
Some subsets have inhibitory function, some subsets are 
in a resting state, and some subsets even have the ability 
to transform into Th17 cell (30, 31). Due to the patho-
genesis of scleroderma, content and function of Treg cells 
are decreased at early inflammatory stage of disease. With 
the progression of disease, numerous immune cells are ac-
tivated to secrete various cell factors (such as IL-1, IL-13, 
IL-7 and TGF-β). As an important inducing factor of 
Treg cell proliferation and differentiation, TGF-β often 
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leads to the increase of Treg cell content. Radstake et al.  
study (32) showed that CD4＋CD25＋ cells and CD25＋

FoxP3＋CD127− cells in SSc patients were higher than 
control group, but their immunosuppressive ability was 
decreased. The results of Slobodin et al. (33) study also 
showed that Treg level was increased in patients with SSc, 
which was correlated with the activity and severity of the 
disease. These experimental data showed that the abnor-
mality of Treg in peripheral blood of patients with SSc 
was not only abnormal in quantity, but also abnormal in 
quality. The immunosuppressive function of Treg cells in 
SSc was deficient. As we have found in our research, CD4＋

CD25＋FoxP3＋ Treg cells did increase significantly in SSc 
mice. More importantly, our study explored for the first 
time that HOCl-induced SSc mice model treated with 
UC-MSCs could improve the imbalance of CD4＋CD25＋

FoxP3＋ Treg cells. The count and proportion of CD3＋

CD4＋CD25＋FoxP3＋ Treg cells were increased in SSc 
mice, but decreased after the MSCs treatment. The func-
tion of MSC should be further verified.
  MSCs could play an immunosuppressive effect by di-
rectly contacting the immune cells and secreting various 
soluble cell factors. This study demonstrated that MSCs 
significantly inhibited the proliferation of T cells under 
PHA stimulation, and regulated the imbalance in pro-
portion of CD4＋/CD8＋ T cell, which was same as those 
reported in relevant literatures. On one hand, MSCs in-
hibit the mitogen-induced activation of T cells; one the 
other hand, MSCs make T cells stop at G0/G1 stage by 
inhibiting the expression of cyclin D2 to inhibit the pro-
liferation and differentiation of T cells (34, 35). More im-
portantly, MSCs release various soluble cell factors and 
chemotactic factors through the paracrine secretion (36), 
such as HGF, IL-4, IL1-RA, PGE2, IL-10, IDO/iNOS and 
TSG-6. The cell factors regulate the balance of CD4＋/ 
CD8＋ T cell, Th1/Th2 cell and Th17/Treg cell through 
different routes and inhibit the autoantibody and immune 
cell infiltration, so as to regulate the autoimmune function 
of SSc patients and play the anti-inflammatory effect (37, 
38). Furthermore, the lesions of arterioles and micro-
vascular system caused by vascular endothelial damage 
and dysfunction are considered to be one of the initial fac-
tors in the pathogenesis of SSc. MSCs can release cyto-
kines such as VEGF, IGF-1, HGF and PDGF through se-
cretion, promote the differentiation of smooth muscle cells 
or pericytes, maintain the stability and integrity of blood 
vessels, thus promote angiogenesis, improve the Raynaud’s 
phenomena, digital ulcer and other related symptoms 
caused by vascular injury in patients with SSc (39, 40). 
MSCs also release various regulatory factors for anti-fib-

rosis (such as MMP2, MMP9, TIMP1, HGF, miR-199-3p 
and miR-151-5p), which improve the fibrosis symptoms of 
SSc patients in various organs such as skin, lung and di-
gestive tract (8).
  Our study revealed the preventive effect of human 
UC-MSCs on HOCl-induced SSc mice. UC-MSCs could 
significantly reduce skin thickening and alveolar wall 
thickening in SSc mice, improve skin and lung fibrosis 
and collagen deposition, and improve the balance of im-
mune cells. Compared to the MSCs derived from other tis-
sues, UC-MSCs have the advantages of secreting larger 
number of paracrine cytokines (41) and having stronger 
immunomodulatory ability (40). And compared to the ef-
fect of MSCs derived from patient autologous tissues, the 
UC-MSCs derived from allogeneic healthy people are bet-
ter in function (19). UC-MSC could achieve an excellent 
preventive effect by a single injection. And it showed ob-
vious curative effect earlier, and the effect can maintained 
for a long time. Therefore, UC-MSC has unique clinical 
value in the treatment of SSc.
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