
Int J Clin Exp Pathol 2016;9(7):6846-6856
www.ijcep.com /ISSN:1936-2625/IJCEP0027945

Original Article
Conditioned medium from hypoxia-stimulated  
placenta-derived mesenchymal stem cells alters the 
biological properties of fibroblasts in scar formation via 
IL-10 and STAT3/ERK signaling pathways
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Abstract: It is well known that hypertrophic scar formation is correlated with the hyperproliferation of fibroblasts. 
Mesenchymal stem cells (MSCs) have been demonstrated to be effective in inhibiting scar formation. Here, we 
investigated the effect of hypoxic conditioned medium from placenta-derived MSCs (PDMSC-hypoCM) on the biologi-
cal properties of fibroblasts and the possible mechanisms involved. The isolated PDMSCs were identified by flow 
cytometry. IL-10 expression was measured by Real-time PCR and ELISA after hypoxic treatment. Cell survival and 
apoptosis of mouse fibroblasts NIH-3T3 was examined by crystal violet staining and Annexin V-FITC/PI staining, 
respectively. Cell invasion was measured by Transwell assay. MMP-2 and MMP-9 levels were evaluated by Western 
blot. Then, a mouse model of thermal injury was generated. On day 15, the levels of α-SMA, Ki67 and F4/80 in scar 
tissues were measured by Immunohistochemical staining. The activation of STAT3 and ERK pathways were inves-
tigated. The results showed that the isolated PDMSCs were positive for CD29 and CD44, while negative for CD31, 
CD34, CD45 and HLA-DR. Hypoxia significantly induced IL-10 expression in PDMSCs. PDMSC-hypoCM and IL-10 
decreased the living cell number, promoted NIH-3T3 cell apoptosis, impaired invasion capability, lowered MMP-2 
and MMP-9 levels in NIH-3T3 and reduced α-SMA, Ki67, F4/80, p-STAT3 and p-ERK levels in scar tissues in a mouse 
model. We also observed that the effect of PDMSC-hypoCM in vitro and in vivo was reversed by neutralizing antibody 
against IL-10. In conclusion, PDMSC-hypoCM may suppress scar formation via IL-10, STAT3 and ERK pathways.
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Introduction

Thermal injury is one of the most severe forms 
of trauma. Thermal injury can induce remark-
ably physiological changes, including immuno-
suppression, inflammation and organ dysfunc-
tion [1, 2]. Despite a remarkably decrease in 
mortality, large burns also contribute to pro-
longed hospital stay and high morbidity [3]. 
Thermal injury to the deep dermis may cause 
prolonged inflammation and eventually lead to 
hypertrophic scar formation [4]. Hypertrophic 
scar, a common fibroproliferative disorder, is 
characterized by hypercellularity, collagen pro-
duction and the deposition of excessive extra-

cellular matrix (ECM) [5, 6]. Fibroblasts are the 
key “effector cells” in hypertrophic scar [7].

Previous studies reported that mesenchymal 
stem cells (MSCs) migrated to the wound sites 
to form the microenvironment, and then pro-
moted wound healing and attenuated scar for-
mation [8, 9]. MSCs are multipotent nonhema-
topoietic cells with self-renewing properties. 
They differentiate into mesenchymal and non-
mesenchymal lineages [10-12]. Placenta-
derived MSCs (PDMSCs) possess similar bio-
logical properties with BMMSCs [13]. Moreover, 
PDMSCs can be easily obtained from placental 
tissues and have higher proliferation ability 
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than BMMSCs [14]. Chamber DC et al. found 
that administration of PDMSCs significantly 
attenuated idiopathic pulmonary fibrosis in 
humans [15]. Kong P et al. pointed that human 
PDMSCs accelerated wound healing rate in dia-
betic rats through enhancing angiogenesis 
[16].

Interleukin-10 (IL-10) is a cytokine that has anti-
inflammatory, anti-fibrotic and immunosup-
pressive effects [17, 18]. IL-10 can be produced 
by various cell types, including eosinophils, 
mast cells, macrophages, dendritic cells and B 
cells [19]. IL-10 plays an important role in 
wound healing and the suppression of scar for-
mation [18, 20]. In the process of scar forma-
tion, decreased levels of inflammatory-related 
genes (IL-1α, TNF-α, IL-10, CCL-2, CCL-3 and 
CXCR2) were observed in human wounds [21]. 
Kieran et al. found that IL-10 administration 
suppressed scar formation in rats and humans 
[20]. Nowadays, IL-10 has been used as an 
effective therapeutic agent in the prevention  
of scarring. Xu L et al. observed that hypoxia 
significantly increased the expression of IL-10 
in adipose-derived mesenchymal stem cells 
(ADMSCs) compared with the normoxic environ-
ment [22]. Chen et al. demonstrated that 
hypoxia-preconditioned MSCs inhibited the 
activation of cardiac fibroblasts [23]. Addi- 
tionally, Lan et al. reported that hypoxia-pre-
conditioned MSC transplantation exerted an 
effective therapeutic effect on pulmonary fibro-
sis in mice [24].

STAT3, a multifunctional signaling pathway, 
functions in cell proliferation, apoptosis, differ-
entiation and inflammation [25]. Additionally, 
ERK pathway is also associated with cell prolif-
eration, migration and differentiation. Eviden- 
ces showed that STAT3 and ERK signaling  
pathways played vital roles in fibrosis [26, 27]. 
Moreover, hypertrophic scar is characterized by 
excessive ECM deposition and fibrosis [28]. 
However, the roles of STAT3 and ERK signaling 
pathways in scar formation remain unknown.

In our study, we obtained mouse PDMSCs and 
expanded them in vitro. We further investigated 
the effect of hypoxic conditioned medium from 
PDMSCs (PDMSC-hypoCM) on the proliferation, 
apoptosis and invasion of mouse fibroblasts 
NIH-3T3 in vitro. Moreover, we explored the 
underlying mechanism in vivo.

Materials and methods

Isolation of PDMSCs

Placental tissues were obtained from mice 
under sterile conditions and washed twice with 
phosphate-buffered saline (PBS). The outer 
membrane was stripped using ophthalmic scis-
sors and pincette. After washed with PBS, the 
tissues were minced into 1-3 mm3 pieces and 
cultured in the culture flask coated with a thin 
layer of FBS at 37°C in a 5% CO2 humanized  
atmosphere. Then, DMEM (Gibco, Grand Island, 
NY, USA) containing 10% FBS (GE Healthcare 
HyClone, Logan, UT, USA) was added after 12 h 
of culture. The cell number was counted and 
subcultured when PDMSCs grown out from the 
placental tissues.

Characterization of PDMSCs

After grown to 80% confluence, the cells were 
washed and trypsinized. The cell suspension 
was centrifuged at 1000 rpm for 3 min and 
resuspended in PBS. The cell density was 
1×106 cells/ml. The cells (1×106 cells) were 
washed, resuspended in 100 μl PBS, incubated 
with 5 μl FITC labeled antibodies against CD29, 
CD31, CD34, CD44, CD45 and HLA-DR (all pur-
chased from eBioscience, San Diego, CA, USA) 
at room temperature for 30 min in the dark and 
analyzed by flow cytometer C6 (BD, Franklin 
Lakes, NJ, USA).

Collection of conditioned medium

PDMSCs were cultured for 3 days under nor-
moxic (20% O2) and hypoxic (5% and 1% O2) 
conditions. The conditioned medium from nor-
moxia- and hypoxia-stimulated PDMSCs were 
named PDMSC-norCM and PDMSC-hypoCM, 
respectively.

Enzyme-linked immunosorbant assay (ELISA)

The cell culture supernatant was collected after 
hypoxic treatment and the expression of inter-
leukin (IL)-10 in the supernatant was measured 
by ELISA according to the manufacturer’s proto-
col (WHB-Bio, Shanghai, China).

Real-time PCR

Total RNA was extracted from the cells using 
Total RNA Extraction Kit (BioTeke Corporation, 
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Beijing, China). RNA (1 μg) was reverse tran-
scribed into cDNA. The gene expression of IL-10 
was determined by real-time PCR using SYBR 
Green I (Solarbio, Beijing, China) in BIONEER 
ExicyclerTM 96 (Daejeon, Korea) following the 
amplification program: 10 min at 95°C and 40 
cycles of 10 s at 95°C, 20 s at 60°C and 30 s 
at 72°C. Primers used in this study were: IL-10-
Forward, 5’-TGGAGGACTTTAAGGGTTAC-3’, Re- 
verse, 5’-GATGTCTGGGTCTTGGTTC-3’; β-actin-
Forward, 5’-CTTAGTTGCGTTACACCCTTTCTTG- 
3’, Reverse, 5’-CTGTCACCTTCACCGTTCCAGTTT- 
3’. Relative gene expression was determined 
using 2-ΔΔCt method [29].

Cell culture

Mouse fibroblasts NIH-3T3 were purchased 
from cell bank at Chinese Academic of Sciences 
(Shanghai, China). The cells were cultured in 
DMEM (Gibco) supplemented with 10% FBS (GE 
Healthcare HyClone) and NaHCO3 (3.7 g/L) in a 
5% CO2 incubator at 37°C.

Crystal violet staining

NIH-3T3 cells were harvested by centrifugation 
at 48 and 96 h and resuspended in 1 ml PBS. 
Then, cell suspension (10 μl) was diluted in 100 
μl PBS, stained with crystal violet at room tem-
perature for 2 min and added onto the Nageotte 
Counting Chamber. The cell numbers of living 
cells and total cells were counted under a 
microscope (Motic, Xiamen, China).

Cell apoptosis

Annexin V-FITC Apoptosis Detection Kit pur-
chased from KeyGEN BioTECH (Nanjing, China) 
was used to detect cell apoptosis. The cells 
were harvested, washed with PBS and resus-
pendend in Binding buffer. Next, the cells were 
stained with 5 μl Annexin V-FITC and 5 μl 
Propidium Iodide (PI). After 15 min of incuba-
tion in the dark, the samples were analyzed by 
flow cytometer (BD).

Transwell invasion assay

Cell invasion was examined by Transwell assay 
at 24 h. NIH-3T3 cell suspension (2×104 cells) 
was seeded into the upper chamber pre-coated 
with Matrigel (BD) in 24-well plates and 800 μl 
DMEM plus 20% FBS was added into the lower 
chamber. After culturing at 37°C for 24 h, the 

cells were washed with PBS and fixed with  
4% paraformaldehyde (Sinopharm, Shenyang, 
China). The cell nuclei were stained with crystal 
violet (Amresco, Solon, OH, USA). The invaded 
cell number was counted (Motic).

Western blot

The cells were homogenized and lysed in RIPA 
lysis buffer (Beyotime, Haimen, China) contain-
ing proteinase inhibitor PMSF (Beyotime). The 
supernatants (total proteins) were obtained  
by centrifugation. Then, equal amount of total 
proteins (40 μg) were loaded and separated  
by SDS-PAGE. The proteins were transferred 
onto PVDF membranes (Millipore, Billerica, MA, 
USA). After blocking with BSA or nonfat milk, 
the membranes were incubated overnight at 
4°C with primary antibodies against MMP-2 
(1:400, Boster, Wuhan, China), MMP-9 (1:400, 
Boster), STAT3 (1:200, Santa Cruz, Dallas, 
Texas, USA), p-STAT3 (1:200, Santa Cruz), ERK 
(1:500, Bioss, Beijing, China) and p-ERK (1:500, 
Bioss), followed by incubation with IgG-HRP 
(1:5000, Beyotime). The proteins were en- 
hanced by ECL reagent (7Sea, Shanghai, China) 
and quantified using Gel-Pro-Analyzer 4.0 
(Media Cybernetics, Rockville, MD, USA). 

Thermal injury mouse model

C57BL/6 mice (weighting 18 to 20 g) enrolled 
in this study were purchased from Charles River 
(Beijing, China). Hair was removed from the  
dorsal surface. The mice were anesthesized by 
intraperitoneal (i.p.) injection of 10% chloral 
hydrate (3.5 ml/kg) and the dorsal surface was 
exposed to hot water more than 80°C for 10 s 
using a plastic tube with a 2 cm diameter. The 
mice were divided into five groups randomly (6 
mice in each group): (i) PDMSC-norCM group, 
the mice were injected with 100 μl PDMSC-
norCM immediately after thermal injury; (ii) 
PDMSC-norCM+IL-10 group, the mice received 
a injection of PDMSC-norCM containing 10 ng/
ml IL-10 (PEPROTECH, Rocky Hill, NJ, USA); (iii) 
PDMSC-hypoCM group, PDMSC-hypoCM was 
administrated into the mice; (iv) PDMSC-
hypoCM+IL-10 antibody group, PDMSC-hypoCM 
containing IL-10 antibody (PEPROTECH) was 
inoculated into the mice; (v) control group, the 
mice were subcutaneously administrated with 
the same volume of vehicle (DMEM). The mice 
were sacrificed on day 15. The scar tissues 



Effect of hypoxic conditioned medium from PDMSCs on fibroblast properties in scar formation

6849	 Int J Clin Exp Pathol 2016;9(7):6846-6856

were immediately excised and fixed in 4% 
paraformaldehyde.

Prism Software, La Jolla, CA, USA). P<0.05 was 
considered statistically significant.

Figure 1. Characterization of placenta-derived mesenchymal stem cells (PD-
MSCs). Mouse PDMSCs were isolated from the mouse placental tissues and 
identified by flow cytometer using antibodies against CD29, CD31, CD34, CD44, 
CD45 and HLA-DR.

Immunohistochemical 
staining

The paraffin-embedded tis-
sue sections were sliced 
into 5-μm sections, depar-
affinized in xylene solution 
and rehydrated in graded 
ethanol (95%, 85% and 
75% ethanol for 2 min) 
(Sinopharm). After heat-
induced epitope retrieval, 
the sections were incubat-
ed with H2O2 (Sinopharm) 
for 15 min at room temper-
ature and blocked with 
goat serum (Solarbio). Sub- 
sequently, the sections 
were treated with anti-α-
SMA antibody (1:200, Bo- 
ster), anti-Ki67 antibody 
(1:300, Abcam, Cambridge, 
MA, USA) and anti-F4/80 
antibody (1:50, Santa Cruz) 
at 4°C overnight followed 
by incubated with biotin-
labeled goat anti-rabbit/
mouse IgG (1:200; Beyo- 
time) and horseradish per-
oxidase (HRP)-labeled avi-
din (1:200, Beyotime). 
Then, the sections were 
washed with PBS, devel-
oped with DAB solution 
and counterstained with 
haematoxylin (Solarbio). 
Images were photographed 
under an Olympus DP73 
microscope (Tokyo, Japan). 
The optical density was 
analyzed using Image-Pro 
Plus software (Media Cy- 
bernetics, Rockville, MD, 
USA)

Statistical analysis

Results are expressed as 
Mean ± SD. Statistical 
analysis was performed by 
one-way ANOVA followed by 
Bonferroni post hoc tests 
using the software Graph- 
pad Prism 4 (Graphpad 
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Results

Identification of PDMSCs

PDMSCs at passage 3 were identified by flow 
cytometry. The results showed that PDMSCs 
were positive for CD29 and CD44 compared 
with the control, while negative for CD31, CD34, 
CD45 and HLA-DR (Figure 1).

Expression of IL-10 in hypoxia-treated PDMSCs

IL-10, an anti-fibrotic cytokine, plays an impor-
tant role in scarless healing [18]. Hypoxia can 
increase IL-10 expression in ADMSCs [22]. 
Previous research demonstrated that hypoxia-
preconditioned MSCs inhibited cardiac fibro-
blast activation and pulmonary fibrosis [23, 
24]. Therefore, we measured IL-10 expression 
in PDMSCs and cell culture supernatant after 
being cultured for 3 days under normoxia and 
hypoxia. Real-time PCR results showed that 
IL-10 mRNA levels in the 5% and 1% O2 groups 
were 2.35-fold and 3.03-fold higher than that 
in the 20% O2 group (Figure 2A). ELISA results 
showed that hypoxia (5% and 1% O2) incre- 
ased IL-10 level (ng/L) from 65.79±5.12 to 
197.29±38.09 (5% O2) and 287.05±17.17 (1% 
O2) compared with normoxic environments 
(Figure 2B).

using Annexin V-FITC/PI staining. As shown in 
Figure 3B, the apoptotic rates of PDMSC-
hypoCM group and PDMSC-norCM+IL-10 group 
were higher than that of the PDMSC-norCM 
group. Compared with the PDMSC-hypoCM 
group, IL-10 antibody treatment significantly 
decreased the apoptotic rate. Transwell inva-
sion assay revealed that the invaded cell num-
ber in the PDMSC-norCM+IL-10 group or the 
PDMSC-hypoCM group was significantly decre- 
ased compared with that in the PDMSC-norCM 
group (Figure 3C). IL-10 antibody abrogated the 
inhibitory effect of PDMSC-hypoCM on cell inva-
sion capability. We further measured the ex- 
pression of invasion-related proteins by West- 
ern blot. The results showed that both IL-10 
treatment and PDMSC-hypoCM significantly 
reduced MMP-2 and MMP-9 expression levels 
(Figure 3D). These protein levels were signifi-
cantly enhanced when IL-10 was neutralized by 
IL-10 antibody, indicating that PDMSC-hypoCM 
inhibits survival and invasion and promotes 
apoptosis of NIH-3T3 cells via IL-10.

PDMSC-hypoCM and IL-10 inhibit the expres-
sion of α-SMA, Ki67 and F4/80 in scar tissues 
in vivo

We measured α-SMA, Ki67 and F4/80 levels in 
scar tissues using Immunohistochemical stain-

Figure 2. IL-10 expression in hypoxia-treated PDMSCs. PDMSCs was cultured 
under normoxic and hypoxic conditions. The cells and the supernatant were 
collected 3 days later. A. The level of IL-10 in PDMSCs was measured by Real-
time PCR. B. IL-10 level in the cell culture supernatant was examined by ELISA. 
**P<0.01 vs. 20% O2 group.

PDMSC-hypoCM and IL-10 
inhibit proliferation and 
invasion of NIH-3T3 cells 
and promote apoptosis in 
vitro

Crystal violet staining was 
performed to detect the 
viable cells. The results 
showed that the viable 
cells in the PDMSC-norCM 
group were markedly de- 
creased after incubation 
with IL-10 (Figure 3A). 
Additionally, the viable cell 
number in the PDMSC-
hypoCM group was lower 
than that in the PDMSC-
norCM group. However, the 
effect of PDMSC-hypoCM 
can be blocked by incuba-
tion with the neutralizing 
antibody against IL-10. We 
further analyzed the apop-
totic rate in each group 
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ing. The results (Figure 4) showed that the 
expression levels of α-SMA, Ki67 and F4/80 in 
scar tissues of the PDMSC-norCM+IL-10 group 
and PDMSC-hypoCM group were significantly 

lower than those of the PDMSC-norCM group. 
However, treatment with IL-10 specific antibody 
restored the decreased levels of α-SMA, Ki67 
and F4/80 in the PDMSC-hypoCM group. The 

Figure 3. PDMSC-hypoCM inhibited cell survival and invasion of mouse fibroblasts NIH-3T3 and promoted cell apop-
tosis via IL-10 in vitro. A. NIH-3T3 cells were cultured in conditioned medium with/without IL-10 or IL-10 antibody. 
Cell survival was evaluated by crystal violet staining at 48 and 96 h. B. Cell apoptosis was detected using Annexin 
V-FITC/PI staining. C. Cell invasion was examined by Transwell invasion assay. The number of invaded cells was 
counted under a microscope. D. Total proteins were extracted from NIH-3T3 cells after indicated treatment. The ex-
pression levels of MMP-2 and MMP-9 were determined by Western blot. *P<0.05 and **P<0.01 vs. PDMSC-norCM 
group. #P<0.05 and ##P<0.01 vs. PDMSC-hypoCM group.
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results indicate that IL-10 is involved in the 
PDMSC-hypoCM-mediated downregulation of 
α-SMA, Ki67 and F4/80 in scar tissues. 

PDMSC-hypoCM and IL-10 inhibit the phos-
phorylation of STAT3 and ERK in scar tissues 

To evaluate the possible roles of STAT3/ERK 
signaling and IL-10 in scar formation in vivo, we 
excised scar tissues and determined the 
expression of STAT3, p-STAT3, ERK and p-ERK 
using Western blot after animal experiments. 
The ratios of p-STAT3/STAT3 and p-ERK/ERK in 
the PDMSC-norCM+IL-10 group were lower 
than that in the PDMSC-norCM group (Figure 
5). PDMSC-hypoCM markedly decreased the 
phosphorylation levels of STAT3 and ERK. IL-10 
neutralizing antibody alleviated the inhibition of 
STAT3 and ERK pathways. The results suggest 

that IL-10 is involved in the suppression of 
STAT3 and ERK pathways by PDMSC-hypoCM.

Discussion

Abnormal proliferation of fibroblasts contrib-
utes to hypertrophic scar formation and exces-
sive ECM deposition [30]. Currently, mouse 
NIH-3T3 fibroblasts are widely used to investi-
gate the wound healing activities of drugs in 
vitro [31, 32]. In the present study, we isolated 
and identified mouse PDMSCs. Then, we inves-
tigated the effect of IL-10 addition or PDMSC-
hypoCM on the biological characteristics of 
mouse fibroblasts NIH-3T3 in vitro and scar 
fibroblasts in a mouse model of thermal injury 
in vivo using IL-10 neutralizing antibody. We 
then evaluated the activation of STAT3 and ERK 
pathways in scar tissues.

Figure 4. PDMSC-hypoCM inhibited the α-SMA, Ki67 and F4/80 levels in scar tissues via IL-10 in vivo. The scar tis-
sues were excised from the mice on day 15 and total proteins were extracted from the tissues. The levels of α-SMA, 
Ki67 and F4/80 were evaluated by Immunohistochemical staining. Scale bars 50 μm. **P<0.01 vs. PDMSC-norCM 
group. #P<0.05 and ##P<0.01 vs. PDMSC-hypoCM group.
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Interleukin (IL)-10, which was identified by 
Mosmann et al., is an anti-inflammatory cyto-
kine [33]. Recently, several researchers report-
ed that IL-10 played a vital role in reducing 
hypertrophic scar [20, 34]. Therefore, we mea-
sured IL-10 expression in PDMSCs under nor-
moxic and hypoxic conditions. We found that 
hypoxia increased the mRNA level and the 
secretion of IL-10 from mouse PDMSCs, which 
was consistent with previous reports [35].

Fibroblasts play an important role in scar for-
mation. Fibroblasts can migrate to the wound, 
transdifferentiate into myofibroblasts and syn-
thesize ECM during wound healing, which may 
lead to the formation of hypertrophic scar [36, 
37]. Hypoxia has been commonly used as a 
method for studying the immunomodulatory 
capabilities of MSCs. Lan et al. demonstrated 
that hypoxia-preconditioned MSCs alleviated 
pulmonary fibrosis induced by bleomycin in 
C57BL/6JNarl mice [24]. Jiang et al. reported 
that 2% hypoxia enhanced IL-10 release in  
the co-culture supernatant of human gingiva-
derived MSCs and PBMCs (peripheral blood 
mononuclear cells) and thereby suppressed 
the proliferation of PBMCs [38]. MMP-2 and 
MMP-9 play an important role in cell invasion 
and migration [39]. However, the effect of 
PDMSC-hypoCM on the biological properties of 
fibroblasts remains unknown. In our study, we 
found that PDMSC-hypoCM and IL-10 treat-
ment inhibited cell survival and invasion of 
mouse fibroblasts NIH-3T3 and promoted cell 

apoptosis, accompanied by the decreased lev-
els of MMP-2 and MMP-9. The results pointed 
out that these effects might be due to the  
addition of IL-10 in PDMSC-norCM or the 
release of IL-10 from hypoxia conditioned 
PDMSCs. Therefore, we using IL-10 neutralizing 
antibody to test our hypothesis. As expected, 
incubation with neutralizing antibody against 
IL-10 reversed the effect of PDMSC-hypoCM. 
The above results indicate that IL-10 is involved 
in cell survival, apoptosis and invasion of 
fibroblasts.

α-SMA is a myofibroblast marker and contrib-
utes to the generation of contractile force in 
myofibroblasts [40]. Myofibroblasts have been 
demonstrated to participate in hypertrophic 
scar formation [41]. A previous research show- 
ed that adipose-derived stem cells (ADSCs) 
treatment reduced hypertrophic scar in rabbit 
ear, with the suppression of α-SMA and colla-
gen [42]. Ren et al. found that induced pluripo-
tent stem cells-conditioned medium (iPSC-CM) 
significantly reduced α-SMA expression and 
thus inhibited the activation of hypertrophic 
scar fibroblasts [43]. Ki67 is a commonly used 
marker of cell proliferation [44]. Our results 
showed that PDMSC-hypoCM and IL-10 signifi-
cantly decreased the expression of α-SMA, 
Ki67 and F4/80 (known as the macrophage 
marker), whereas the effect of PDMSC-hypoCM 
was reversed by IL-10 neutralizing antibody. 
The results suggest that PDMSC-hypoCM may 
suppress the proliferation and transdifferentia-

Figure 5. STAT3 and ERK pathways were inhibited by PDMSC-hypoCM in vivo. The protein levels of p-STAT3, STAT3, 
p-ERK and ERK were measured by Western blot. *P<0.05 and **P<0.01 vs. PDMSC-norCM group. #P<0.05 and 
##P<0.01 vs. PDMSC-hypoCM group.
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tion of fibroblasts and inhibit the infiltration of 
macrophages via IL-10.

STAT3 signaling pathway is associated with cell 
survival, proliferation and invasion [45]. In addi-
tion, the activation of STAT3 also elevates the 
expression of pro-fibrotic genes and thus regu-
lates the cell function of fibroblasts in fibrotic 
lung diseases [46]. Previous studies demon-
strated that inhibition of STAT3 decreased the 
collagen production of cardiac fibroblasts in a 
rat model of cardiac hypertrophy and reduced 
the disposition of ECM in renal interstitial fibro-
sis in mice [47, 48]. Additionally, ERK signaling 
pathway is critical for fibrosis and collagen 
deposition [49, 50]. Therefore, we hypothesized 
that STAT3 and ERK signaling pathways were 
associated with hypertrophic scar formation. 
Our results showed that PDMSC-hypoCM and 
IL-10 in PDMSC-norCM significantly decreased 
p-STAT3/STAT3 and p-ERK/ERK ratios, where-
as the effect of PDMSC-hypoCM was reversed 
by IL-10 neutralizing antibody. The results indi-
cate that PDMSC-hypoCM may suppress the 
STAT3 and ERK signaling pathways to reduce 
scar formation via IL-10.

In conclusion, our study demonstrated that 
PDMSC-hypoCM inhibited scar formation 
through IL-10, STAT3 and ERK pathways. Our 
present study provides evidences for the treat-
ment of hypertrophic scar.
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