Int J Clin Exp Pathol 2016;9(1):10-21
www.ijcep.com /ISSN:1936-2625/1JCEPO017502

Original Article

Hypoxic conditioned medium of placenta-derived
mesenchymal stem cells inhibits TGF-B1-induced
up-regulation of collagens and differentiation of
skin fibroblasts to myofibroblast through IL-10

Lili Du?, Runxiao Lv2, Shaohang Chengs, Xiaoyi Yang?, Tingxian Ma?, Jing Xu3

1Department of Pathophysiology, College of Basic Medical Science, China Medical University, Shenyang 110122,
People’s Republic of China; 2Department of Spinal Surgery, Changhai Hospital, The Second Military Medical
University, Shanghai 200433, People’s Republic of China; 3Department of Dermatology, Shengjing Hospital of
China Medical University, Shenyang 110004, People’s Republic of China; *Seven-Year System, Department of
Clinical Medicine, China Medical University, Shenyang 110122, People’s Republic of China

Received October 8, 2015; Accepted November 20, 2015; Epub January 1, 2016; Published January 15, 2016

Abstract: Scar formation affects the quality of people’s daily lives, and in this study we explored whether hypoxic
conditioned medium of placenta-derived mesenchymal stem cells (PMSCs) has a protective effect on scar forma-
tion. Our study showed that hypoxic conditioned medium of PMSCs inhibited the transforming growth factor-1 (TGF-
B1)-induced up-regulation of collagens and differentiation of skin fibroblasts to myofibroblast. Mechanism study
showed that the level of interleukin-10 (IL.-10) was influenced by hypoxic culture condition of PMSCs and further
study showed that IL-10 simulated the effects of hypoxic conditioned medium of PMSCs to inhibit TGF-B1-induced
up-regulation of collagens and a-smooth muscle actin (a-SMA), whereas, the inhibition effects of hypoxic condi-
tioned medium of PMSCs on TGF-B1-induced up-regulation of collagens and a-SMA was reversed by IL-10 antibody.
Results of this study suggested that hypoxic conditioned medium of PMSCs performed a protective effect against
scar formation through the regulation of IL-10. This study provides further evidence for the possible use of PMSCs
as a promising method to treat wounds.

Keywords: Hypoxic conditioned medium, placenta-derived mesenchymal stem cells, transforming growth
factor-B4, interleukin-10, scar formation, skin fibroblasts

Introduction

Wound repair is a complex process. In this pro-
Cess, excessive repair results in scar formation.
Scars will cause problems in tissue growth and
functions, and affect the quality of people’s
daily lives seriously. In the process of wound
repair, skin fibroblasts play important roles.
Skin fibroblasts produce large amounts of
extracellular matrixes, adhesion molecules and
growth factors and contribute to a variety of
cell complexes, thus promoting wound repair
and maintaining the integrity of skin [1]. Skin
fibroblasts also differentiate to contractile myo-
fibroblasts which accelerate wound closure.

Mesenchymal stem cells (MSCs) are similar to
stem cells which have the capability to differen-

tiate to multiple types of cells. In the process of
wound healing, MSCs play important roles.
MSCs can accelerate wound closure and re-
epithelialization and reduce scar tissues [2].
MSCs derived from bone marrow and adipose
showed beneficial effects on wound healing [3,
4]. Placenta-derived mesenchymal stem cells
(PMSCs) have similar characteristics but more
easy to be obtained and without invasive opera-
tions. PMSCs also showed a beneficial effect on
wound repair [5]. Transplanted PMSCs localized
in the wounded areas, differentiated to various
types of skin cells, and also secreted large
amounts of growth factors promoting angiogen-
esis [5].

Transforming growth factor-B1 (TGF-B1) is a
multiple-functional cytokine. TGF-B1 has effects
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on the proliferation, differentiation of cells, and
regulates tissue remodeling and wound repair.
TGF-B1 promotes synthesis of extracellular
matrix (ECM) and inhibits the activities of matrix
metallopeptidases (MMPs) [6, 7]. TGF-B1 also
promotes the differentiation of fibroblast to
myofibroblast, which plays an important role in
scar formation [7].

Our previous study showed that hypoxia en-
hanced the protective effects of PMSCs on
wound repair [8]. However, whether hypoxic
PMSCs have beneficial effects on scar forma-
tion was still unknown. In the present study, we
explored the effects of hypoxic conditioned
medium of PMSCs on scar formation as well as
the underlying mechanism. This study provides
further evidence for the use of hypoxic PMSCs
in the treatment of wounds.

Materials and methods
Isolation, culture, and identification of PMSCs

The placentas were cut into small pieces in
sterile conditions, attached to the surface of
dishes pro-coated with fetal bovine serum
(FBS, Hyclone, Logan, UT, USA), and then in-
cubated at 37°C for 12 h. Then Dulbecco’s
Modified Eagle’s Medium (DMEM, Gibco, Grand
Island, NY, USA) with 10% FBS was added to
cells. PMSCs were harvested after cells migrat-
ed out of tissues and seeded in new dishes.
The isolated PMSCs were cultured in DMEM
with 10% FBS and maintained in a humid atmo-
sphere at 37°C with 5% CO,. Cells at passage
3 were used for the identification of PMSCs.
For the identification of the isolated PMSCs,
the isolated cells were harvested and incubat-
ed with fluorescein isothiocyanate (FITC)-con-
jugated antibodies against CD29, CD31, CD34,
CD44, CD45 and HLA-DR (eBioscience, San
Diego, CA, USA) in the dark at room tempera-
ture for 30 min. Then the stained cells were
analyzed using flow cytometry.

Cell culture

Human skin fibroblast HFF-1 was obtained
from Type Culture Collection Center of Chinese
Academy of Science (Shanghai, China). HFF-1
cells were cultured in DMEM with 10% FBS and
maintained in a 37°C incubator with a humid
atmosphere and 5% CO,,.
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Hypoxia treatment

The isolated PMSCs were cultured in DMEM
with 10% FBS and maintained in a normoxic
condition (20% 0O,) or hypoxic condition (5% O,
or 1% 0,) respectively for 72 h. Then cells were
collected for the detection of interleukin-10
(IL-10) using quantitative real-time polymerase
chain reaction (QRT-PCR), western blot, and
enzyme-linked immunosorbent assay (ELISA).
The normoxic and hypoxic conditioned medium
of PMSCs was also collected for subsequent
experiments.

TGF-B1 treatment

HFF-1 cells were cultured in normal medium,
normoxic conditioned medium, or hypoxic con-
ditioned medium and treated with 5 ng/ml TGF-
B4 for 48 h, then the expression level of colla-
gen | and collagen Il were detected by western
blot, and the level of a-smooth muscle actin
(x-SMA) was detected by qRT-PCR, western blot
and Immunofluorescence.

IL-10 and IL-10 antibody treatment

HFF-1 cells were cultured in i) normal medium,
ii) normal medium plus 5 ng/ml TGF-B1, iii) nor-
moxic conditioned medium plus 5 ng/ml TGF-
B4, iv) normoxic conditioned medium plus 5
ng/ml TGF-B1 and 10 ng/ml IL-10, v) hypoxic
conditioned medium plus 5 ng/ml TGF-B1, vi)
hypoxic conditioned medium plus 5 ng/ml TGF-
B1 and IL-10 antibody, for 48 h. Then the ex-
pression level of collagen |, collagen lIl, and
a-SMA was detected by western blot.

gRT-PCR

Total RNA was extracted using a High-purity
Total RNA Extraction Kit (BioTeke, Beijing,
China) according to the protocol and reverse-
transcribed to cDNA using M-MLV reverse-
transcriptase (BioTeke) and Oligo(dT),,. Then
the mRNA levels of IL-10 and a-SMA was mea-
sured by qRT-PCR using cDNA as templates
and primers as following: forward primer for
IL-10, CGATTTAGAAAGAAGCCCAA; reverse pri-
mer for IL-10, TCAACAGCTAGAAAGCGTGGT; for-
ward primer for a-SMA, TCCCTTGAGAAGAGTT-
ACGAGTT; reverse primer for a-SMA, ATGATG-
CTGTTGTAGGTGGTT; forward primer for B-actin,
CTTAGTTGCGTTACACCCTTTCTTG; reverse prim-
er for B-actin, CTGTCACCTTCACCGTTCCAGTTT.

Int J Clin Exp Pathol 2016;9(1):10-21
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Figure 1. Identification of isolated PMSCs. The isolated cells were stained with CD29, CD31, CD34, CD44, CD45 and HLA-DR antibody and analyzed by flow cytom-
etry.
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The cycling parameters were 95°C for 10 min,
followed by 40 cycles of 95°C for 10 s, 60°C for
20 s and 72°C for 30 s and then 4°C for 5 min.
The relative mRNA levels of IL-10 and a-SMA
were normalized to B-actin and calculated using
228t method [9].

Western blot

Total protein was extracted using radioimmuno-
precipitation assay (RIPA) lysis buffer (Beyo-
time, Haimen, China). The protein concentra-
tion was measured with an Enhanced BCA
Protein Assay Kit (Beyotime). Thereafter, equal
amount of protein was separated by sodium
dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE). Then the separated pro-
tein was transferred to polyvinylidene fluoride
(PVDF) membranes (Millipore, Bedford, MA,
USA). After blockade with 5% skim milk, the
PVDF membranes were incubated with prim-
ary antibodies against I1.-10 (1:500, Bioss, Bei-
jing, China), collagen I, collagen lll, and a-SMA
(1:400, Boster, Wuhan, China), and B-actin
(1:1000, Santa Cruz, Dallas, TX, USA) at 4°C
overnight. After washing with Tris-buffered
saline with Tween (TBST), the PVDF membranes
were incubated with corresponding secondary
antibodies (1:5000, Beyotime) at 37°C for 45
min. The objective protein was visualized using
ECL Detection System (7sea biotech, Shanghai,
China) and the gray level was analyzed using
Gel-Pro-Analyzer software.

ELISA

The levels of IL-10 in the cell medium of PMSCs
cultured in normoxic or hypoxic condition were
detected using an IL-10 ELISA Kit (WHB, Shang-
hai, China) according to the manufacturer’s
instruction.

Immunofluorescence

After treatment with normoxic or hypoxic condi-
tioned medium and TGF-B1, skin fibroblasts
were made into cell climbing. After fixed with
4% paraformaldehyde and permeabilized with
0.1% Triton X-100, the cell climbing were block-
ed with normal goat serum and incubated with
primary antibody against a-SMA (1:200, Boster)
at 4°C overnight. After washing with PBS, cell
climbing was incubated with Cy3-labeled sec-
ondary antibody (1:200, Beyotime) at room tem-
perature for 60 min in the dark. The cell nucle-
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uses were counterstained with DAPI. Images
of cells were captured under a fluorescence
microscope with 400x magnification.

Statistical analysis

All experiments were performed three times
and the results are presented as mean * stan-
dard deviation (SD). Differences between each
group were analyzed by one-way ANOVA and
Bonferroni’'s Multiple Comparison. P < 0.05
was considered to be significant.

Results
Identification of PMSCs

The isolated PMSCs were first identified using
flow cytometry. As shown in Figure 1, the iso-
lated cells were CD29+, CD44+, CD31-, CD34-,
CD45-, and HLA-DR-. These results demon-
strated that the isolated cells were PMSCs.

Hypoxia enhanced the expression and secre-
tion of IL-10

PMSCs were cultured in normoxic condition or
hypoxic condition, and then the level of IL-10
was detected by qRT-PCR and western blot.
Results of gRT-PCR showed that the mRNA
level of IL-10 was increased significantly after
culture in hypoxic condition, compared with
that of cells cultured in normoxic condition
(Figure 2A). Results of western blot also show-
ed that, after culture in hypoxic condition, the
protein level of IL-10 was elevated (Figure 2B
and 2C), which was consistent with the results
of qRT-PCR. The level of IL-10 in the cell medi-
um of PMSCs was also detected by ELISA.
Results showed that, after culture in hypoxic
condition, the level of IL-10 in cell medium was
increased (Figure 2D), which indicated that the
secretion of IL-10 was enhanced. These results
demonstrated that hypoxia enhanced the ex-
pression and secretion of IL-10.

Hypoxic conditioned medium of PMSCs de-
creased the collagen level induced by TGF-31

The levels of collagens have a close relation-
ship with the formation of scars, and the effects
of hypoxic conditioned medium of PMSCs on
collagen levels induced by TGF-B1 was explored.
Results of western blot showed that the levels
of collagen | and collagen lll were up-regulated

Int J Clin Exp Pathol 2016;9(1):10-21
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Figure 2. Hypoxia enhances the expression and secretion of IL-10. A. qRT-PCR was used to measure the mRNA level
of IL-10 in PMSCs cultured in hypoxic condition. B, C. The protein level of IL-10 in PMSCs was detected by western
blot after culture in hypoxic condition. B-actin was used as an internal reference. D. Concentration of IL.-10 in the cell
medium was detected after treatment with hypoxia. All experiments were repeated three times and the results are
presented as mean + SD. P < 0.05 was considered to be significant.

by TGF-B1. However, hypoxic conditioned medi-
um reversed the up-regulation of collagen | and
collagen lll levels induced by TGF-B1 (Figure 3).
These results suggested that hypoxic condi-
tioned medium of PMSCs reduced collagen
level induced by TGF-B1.

Hypoxic conditioned medium of PMSCs inhib-
ited the differentiation of skin fibroblasts to
myofibroblasts induced by TGF-31

The differentiation of fibroblasts to myofibro-

blasts plays important roles in the formation of
scars, and TGF-B1 has a close relationship with
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this differentiation process. a-SMA is a marker
for differentiation of fibroblasts to myofibro-
blasts and the level of a-SMA was detected
by qRT-PCR, western blot and immunofluores-
cence. Results of qRT-PCR showed that, after
treatment with TGF-1, the mRNA level of «-
SMA was increased to 3.87+0.48-fold. How-
ever, after treatment with hypoxic conditioned
medium of PMSCs, the mRNA level of a-SMA
was decreased to 1.89+0.26-fold (Figure 4A).
Similar results were also found in western blot,
the protein level of a-SMA was increased after
treatment with TGF-B1, but was reversed by
hypoxic conditioned medium of PMSCs (Figure

Int J Clin Exp Pathol 2016;9(1):10-21
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Figure 3. Hypoxic conditioned medium of PMSCs inhibits TGF-B1-induced up-regulation of collagen | and collagen IIl.
A, B. Protein level of collagen | was detected by western blot after treatment with TGF-B1 plus normoxic or hypoxic
conditioned medium of PMSCs. The relative protein level of collagen | was calculated using B-actin as an internal
reference. C, D. The protein level of collagen Il was measured using western blot and relative collagen Il level was
calculated. All experiments were repeated three times and typical results are presented. The results are shown as

mean * SD. P < 0.05 was considered to be significant.

4B and 4C). Results of immunofluorescence
showed that the expression and distribution
of a-SMA was regulated by TGF-B1, but revers-
ed by hypoxic conditioned medium of PMSCs
(Figure 4D). These results demonstrated that
hypoxic conditioned medium inhibited the dif-
ferentiation of fibroblasts to myofibroblasts in-
duced by TGF-B1.

IL-10 was involved in the protective role of hy-
poxic conditioned medium of PMSCs

To further explore whether IL-10 was involved
in the function of hypoxic PMSCs, IL-10 and
IL-10 antibody was introduced into our study. As
shown in Figure 5, after treatment with TGF-31,
the protein levels of collagen I, collagen Ill and
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o-SMA were increased. However, when IL-10
was introduced into our study, the protein lev-
els of collagen |, collagen Ill and a-SMA were
decreased. This indicated that treatment with
IL-10 can simulate the effects of hypoxic condi-
tioned medium of PMSCs. IL-10 antibody was
also introduced into our study. Results show-
ed that, after treatment with IL-10 antibody,
levels of collagen |, collagen Ill and a-SMA was
increased compared with those of cells treated
with hypoxic conditioned medium of PMSCs
plus TGF-B1. These results indicated that the
inhibition effect of hypoxic conditioned medium
of PMSCs on TGF-B1-induced up-regulation of
collagen I, collagen lll and o-SMA was reversed
by IL-10 antibody. Results of immunofluores-

Int J Clin Exp Pathol 2016;9(1):10-21



Hypoxic conditioned medium of PMSCs inhibits TGF-B1-induced collagens

Control TGF§ 1 Normoxic ~ Hypoxic
conditioned conditioned

medium medium

+TGFB 1 +TGF-B 1

A

% 5 *kk sk

o —d i '
G 4- [ |

[ =

k=l

a 3

2

5 2- -
w

s

"

£

S0

®

°

['4

Control TGF-8 1 Normoxic  Hypoxic
conditioned conditioned

medium medium

+TGFB 1 +TGFB 1

C
O:J 6= *k*k %* ¥k
o I l |—|
E ! T
o
34
(]
Py
o
>
w
£ 27 ——
g
2 I_l
o
2o
2
@
[v4

B-actin | DB 43kDa

D a-SMA DAPI Merae

Normoxic conditioned

medium+TGF-1
Hypoxic conditioned
medium+TGF-B1
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broblast. A. Relative mRNA level of a-SMA was measured using qRT-PCR after treatment with TGF-B1 and normoxic
or hypoxic conditioned medium of PMSCs. The mRNA level of a-SMA was normalized to B-actin. B, C. The protein
level of a-SMA was detected by western blot and the relative protein level of a-SMA was calculated using B-actin as
an internal reference. D. Immunofluorescence was used to detect the expression and distribution of a-SMA. Each
experiment was repeated three times and the results are presented as mean + SD. P < 0.05 was considered to be

significant.

cence also showed that the expression and
distribution of a-SMA was changed by TGF-f1,
but was reversed by hypoxic conditioned medi-
um of PMSCs; and IL-10 simulated the effects
of hypoxic conditioned medium of PMSCs, but
IL-10 antibody reversed the effects of hypo-
xic conditioned medium of PMSCs (Figure 6).
These results suggest that hypoxic condition-
ed medium of PMSCs inhibits TGF-B1-induced
expression of collagens and differentiation of
fibroblasts to myofibroblasts through IL-10.

Discussion

Scars affect the quantity of people’s daily lives.
In the present study, hypoxic conditioned medi-
um of PMSCs was found to reduce the level
of collagens and inhibit the differentiation of
fibroblasts to myofibroblasts induced by TGF-
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B41. Further mechanism study showed that, in
hypoxic condition, the level of IL-10 was aug-
mented, treatment with IL-10 simulated the
effects of hypoxic conditioned medium of
PMSCs and treatment with IL-10 antibody
reversed the protective effects of hypoxic con-
ditioned medium of PMSCs. Results of our
study suggest that hypoxic conditioned medi-
um of PMSCs performs a protective effect
through IL-10.

TGF-B1 is related to the scar formation [2]. In
the process of wound healing, the level of TGF-
B1 is up-regulated and it drives synthesis of
ECM and differentiation of fibroblasts [10].
Lu et al. showed that inhibition of TGF-B1 re-
duced scars [11]. Scar formation is a process
characterized by deposition of excessive ECM.
In the process of scar formation, fibroblasts

Int J Clin Exp Pathol 2016;9(1):10-21
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Figure 5. IL-10 is involved in the protective effects of hypoxic conditioned medium of PMSCs. A, B. The protein level of collagen | was detected by western blot after
treatment with TGF-B1, normoxic or hypoxic conditioned medium of PMSCs, IL-10 or IL-10 antibody. B-actin was used as the internal reference when the relative
protein level of collagen | was calculated. C, D. Collagen Ill level was detected by western blot with B-actin as the internal reference. E, F. The protein level of a-SMA
was detected by western blot after different treatment with B-actin as the internal reference. Each experiment was repeated three times and typical results are
presented. The results are shown as mean + SD. P < 0.05 was considered to be significant.
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are activated, they proliferate and migrate
to the wounded areas and synthesized large
amounts of ECM, such as collagens and fibro-
nectin, restore the structure of the injured tis-
sues and increase the strength of wounded
areas. [7, 10, 12]. In this process, fibroblasts
also differentiate to myofibroblasts [13]. In our
study, hypoxic conditioned medium of PMSCs
was found to decrease the level of collagens
and inhibit the differentiation of fibroblasts
to myofibroblasts induced by TGF-B1. These
results suggest that hypoxic PMSCs perform a
protective role in scar formation.

MSCs showed excellently protective function in
wound healing [14, 15]. It was reported that
MSCs migrated to the injured areas, regulated
inflammatory responses, promoted repair and
regeneration of damaged tissues through dif-
ferentiation and paracrine signaling [16]. Para-
crine signaling is regarded as the main way for
MSCs to perform their protective function [17]
and conditioned medium of MSCs also showed
protective roles in wound repair in other report
[18]. MSCs also inhibit the fibrosis, which is a
key factor in scar formation, through paracrine
signaling [19, 20]. PMSCs also show a protec-
tive role in wound healing [5] and results of
our study demonstrated that the conditioned
medium of PMSC showed a protective function
against scar formation, which provides further
evidence for the possible use of PMSCs in
wounds treatment.
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Hypoxic condition is usually seen in wounded
areas [16]. Hypoxia alters biological character-
istics of MSCs [21]. Hypoxia was reported to
promote the proliferation, differentiation, and
metastasis of MSCs [22] and also enhance the
protective role of MSCs [23]. Reports showed
that hypoxia enhance the protective function of
MSCs [18, 23, 24]. Our previous study [8] and
results of our study also indicates that hypoxia
enhanced the protective role of PMSCs in scar
formation.

IL-10 appears as a new therapy for scars [25,
26]. IL-10 contributes to scarless wound heal-
ing [27, 28]. IL-10 reduces scar formation via
inhibiting the production of collagens and pro-
moting the expression and secretion of MMPs,
and inhibiting the differentiation of fibroblasts
to myofibroblasts [7, 29]. In our study, we found
that hypoxic conditioned medium of PMSCs
enhanced expression and secretion of IL-10.
These results suggest that the protective role
of hypoxic PMSCs may be associated with IL-10.
Further study showed that treatment with IL-10
simulated the effects of hypoxic conditioned
medium of PMSCs, but inhibition of IL-10 re-
versed the protective effects of hypoxic condi-
tioned medium of PMSCs. These results pro-
vided evidence for our hypothesis that hypoxic
PMSCs may perform their protective functions
through IL-10. IL-10 also contributes to the reg-
ulation of inflammatory responses [30]. Mei et
al. and Krasnodembskaya et al. showed that

Int J Clin Exp Pathol 2016;9(1):10-21
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PMSCs also show antimicrobial activities which
will be beneficial for the clearance of wounds
[31, 32], and this antimicrobial activities may
also be associated with the regulation of IL-10,
but more exploration are still needed.

In the present study, hypoxic conditioned medi-
um of PMSCs was found to inhibit TGF-B1-
induced production of ECM and differentiation
of fibroblasts through IL-10. Our study suggests
that hypoxic PMSCs play a beneficial role in
prevention against scar formation and may be
used in the treatment of wounds which may
result in scarless wound healing.

Acknowledgements

This study was supported by a grant from the
Doctoral Scientific Research Foundation of
Liaoning Province (NO. 201501003).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Lili Du, Department
of Pathophysiology, College of Basic Medical
Science, China Medical University, 77 Puhe Road,
Shenyang 110122, People’s Republic of China.
E-mail: dllbinglishengli@126.com

References

[1] Le Pillouer-Prost A. Fibroblasts: what’s new in
cellular biology? J Cosmet Laser Ther 2003; 5:
232-238.

[2] Jackson WM, Nesti LJ and Tuan RS. Mesen-
chymal stem cell therapy for attenuation of
scar formation during wound healing. Stem
Cell Res Ther 2012; 3: 20.

[3] Kim WS, Park BS, Sung JH, Yang JM, Park SB,
Kwak SJ and Park JS. Wound healing effect of
adipose-derived stem cells: a critical role of se-
cretory factors on human dermal fibroblasts. J
Dermatol Sci 2007; 48: 15-24.

[4] Zheng K, Wu W, Yang S, Huang L, Chen J, Gong
C, Fu Z, Zhang L and Tan J. Bone marrow mes-
enchymal stem cell implantation for the treat-
ment of radioactivityinduced acute skin dam-
age in rats. Mol Med Rep 2015; 12: 7065-71.

[5] Kong P, Xie X, Li F, Liu Y and Lu Y. Placenta
mesenchymal stem cell accelerates wound
healing by enhancing angiogenesis in diabetic
Goto-Kakizaki (GK) rats. Biochem Biophys Res
Commun 2013; 438: 410-419.

[6] OverallCM, Wrana JLand Sodek J. Independent
regulation of collagenase, 72-kDa progelatin-
ase, and metalloendoproteinase inhibitor ex-
pression in human fibroblasts by transforming

20

(7]

(8]

(9]

[10]

(12]

[13]

(14]

[15]

[16]

(17]

(18]

growth factor-B. J Biol Chem 1989; 264: 1860-
18609.

Shi JH, Guan H, Shi S, Cai WX, Bai XZ, Hu XL,
Fang XB, Liu JQ, Tao K, Zhu XX, Tang CW and
Hu DH. Protection against TGF-B1-induced fi-
brosis effects of IL-10 on dermal fibroblasts
and its potential therapeutics for the reduction
of skin scarring. Arch Dermatol Res 2013;
305: 341-352.

DulL,YuY,MaH,LuX, MaLl,lJinYandZhang H.
Hypoxia enhances protective effect of placen-
tal-derived mesenchymal stem cells on dam-
aged intestinal epithelial cells by promoting
secretion of insulin-like growth factor-1. Int J
Mol Sci 2014; 15: 1983-2002.

Livak KJ and Schmittgen TD. Analysis of rela-
tive gene expression data using real-time
quantitative PCR and the 2(-Delta Delta C(T))
Method. Methods 2001; 25: 402-408.
Campaner AB, Ferreira LM, Gragnani A, Bruder
JM, Cusick JL and Morgan JR. Upregulation of
TGF-B1 expression may be necessary but is
not sufficient for excessive scarring. J Invest
Dermatol 2006; 126: 1168-1176.

Lu L, Saulis AS, Liu WR, Roy NK, Chao JD,
Ledbetter S and Mustoe TA. The temporal ef-
fects of anti-TGF-B1, 2, and 3 monoclonal anti-
body on wound healing and hypertrophic scar
formation. J Am Coll Surg 2005; 201: 391-397.
Dabiri G, Campaner A, Morgan JR and Van De
Water L. A TGF-B1-dependent autocrine loop
regulates the structure of focal adhesions in
hypertrophic scar fibroblasts. J Invest Dermatol
2006; 126: 963-970.

Hinz B. Formation and function of the myofibro-
blast during tissue repair. J Invest Dermatol
2007; 127: 526-537.

Isakson M, de Blacam C, Whelan D, McArdle A
and Clover AJ. Mesenchymal stem cells and
cutaneous wound healing: current evidence
and future potential. Stem Cells Int 2015;
2015: 831095.

McFarlin K, Gao X, Liu YB, Dulchavsky DS,
Kwon D, Arbab AS, Bansal M, Li Y, Chopp M,
Dulchavsky SA and Gautam SC. Bone marrow-
derived mesenchymal stromal cells accelerate
wound healing in the rat. Wound Repair Regen
2006; 14: 471-478.

Maxson S, Lopez EA, Yoo D, Danilkovitch-
Miagkova A and Leroux MA. Concise review:
role of mesenchymal stem cells in wound re-
pair. Stem Cells Transl Med 2012; 1: 142-149.
Chen L, Tredget EE, Wu PY and Wu Y. Paracrine
factors of mesenchymal stem cells recruit
macrophages and endothelial lineage cells
and enhance wound healing. PLoS One 2008;
3:e1886.

Chen L, XuY, Zhao J, Zhang Z, Yang R, Xie J, Liu
X and Qi S. Conditioned medium from hypoxic
bone marrow-derived mesenchymal stem cells

Int J Clin Exp Pathol 2016;9(1):10-21


mailto:dllbinglishengli@126.com

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

21

Hypoxic conditioned medium of PMSCs inhibits TGF-B1-induced collagens

enhances wound healing in mice. PLoS One
2014; 9: e96161.

LiL, Zhang, Li Y, Yu B, XuY, Zhao S and Guan
Z. Mesenchymal stem cell transplantation at-
tenuates cardiac fibrosis associated with iso-
proterenol-induced global heart failure. Transpl
Int 2008; 21: 1181-1189.

Li L, Zhang S, Zhang, Yu B, Xu Y and Guan Z.
Paracrine action mediate the antifibrotic effect
of transplanted mesenchymal stem cells in a
rat model of global heart failure. Mol Biol Rep
2009; 36: 725-731.

Ejtehadifar M, Shamsasenjan K, Movassagh-
pour A, Akbarzadehlaleh P, Dehdilani N, Abbasi
P, Molaeipour Z and Saleh M. The effect of hy-
poxia on mesenchymal stem cell biology. Adv
Pharm Bull 2015; 5: 141-149.

Das R, Jahr H, van Osch GJ and Farrell E. The
role of hypoxia in bone marrow-derived mesen-
chymal stem cells: considerations for regener-
ative medicine approaches. Tissue Eng Part B
Rev 2010; 16: 159-168.

Jun EK, Zhang Q, Yoon BS, Moon JH, Lee G,
Park G, Kang PJ, Lee JH, Kim A and You S.
Hypoxic conditioned medium from human am-
niotic fluid-derived mesenchymal stem cells
accelerates skin wound healing through TGF-
B/SMAD2 and PI3K/Akt pathways. Int J Mol
Sci 2014; 15: 605-628.

Lee EY, Xia Y, Kim WS, Kim MH, Kim TH, Kim
KJ, Park BS and Sung JH. Hypoxia-enhanced
wound-healing function of adipose-derived
stem cells: increase in stem cell proliferation
and up-regulation of VEGF and bFGF. Wound
Repair Regen 2009; 17: 540-547.

Mrowietz U and Seifert O. Keloid scarring: new
treatments ahead. Actas Dermosifiliogr 2009;
100 Suppl 2: 75-83.

Shi J, Li J, Guan H, Cai W, Bai X, Fang X, Hu
X, Wang Y, Wang H, Zheng Z, Su L, Hu D and
Zhu X. Anti-fibrotic actions of interleukin-10
against hypertrophic scarring by activation of
PI3BK/AKT and STAT3 signaling pathways in
scar-forming fibroblasts. PLoS One 2014; 9:
€98228.

[27]

(28]

[29]

[30]

[31]

[32]

Liechty KW, Kim HB, Adzick NS and Crom-
bleholme TM. Fetal wound repair results in
scar formation in interleukin-10-deficient mice
in a syngeneic murine model of scarless fetal
wound repair. J Pediatr Surg 2000; 35: 866-
872; discussion 872-863.

Gordon A, Kozin ED, Keswani SG, Vaikunth
SS, Katz AB, Zoltick PW, Favata M, Radu AP,
Soslowsky LJ, Herlyn M and Crombleholme TM.
Permissive environment in postnatal wounds
induced by adenoviral-mediated overexpres-
sion of the anti-inflammatory cytokine interleu-
kin-10 prevents scar formation. Wound Repair
Regen 2008; 16: 70-79.

Reitamo S, Remitz A, Tamai K and Uitto J.
Interleukin-10 modulates type | collagen and
matrix metalloprotease gene expression in cul-
tured human skin fibroblasts. J Clin Invest
1994; 94: 2489-2492.

Peranteau WH, Zhang L, Muvarak N, Badillo AT,
Radu A, Zoltick PW and Liechty KW. IL-10 over-
expression decreases inflammatory mediators
and promotes regenerative healing in an adult
model of scar formation. J Invest Dermatol
2008; 128: 1852-1860.

Mei SH, Haitsma JJ, Dos Santos CC, Deng Y,
Lai PF, Slutsky AS, Liles WC and Stewart DJ.
Mesenchymal stem cells reduce inflammation
while enhancing bacterial clearance and im-
proving survival in sepsis. Am J Respir Crit Care
Med 2010; 182: 1047-1057.
Krasnodembskaya A, Song Y, Fang X, Gupta N,
SerikovV, Lee JW and Matthay MA. Antibacterial
effect of human mesenchymal stem cells is
mediated in part from secretion of the antimi-
crobial peptide LL-37. Stem Cells 2010; 28:
2229-2238.

Int J Clin Exp Pathol 2016;9(1):10-21



