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Abstract: Objective: This study is to investigate the effects of mesenchymal stem cell (MSC) transplantation in
burn treatment. Methods: Wharton’s Jelly was stripped from neonatal umbilical cord, and human umbilical cord
MSCs were then cultured. Burn models were constructed in male SD rats weighted at 200 £ 5 g, and the rats were
randomly divided into control and MSCs transplantation groups. The rats in transplantation group were injected
subcutaneously with MSCs (2x10°) at 24 h after burning. Blood samples were collected at0d, 1d,2d,3d,5d and
7 d after burning and the contents of white blood cells (WBC), C-reactive protein (CRP), interferon-y (IFN-y), tumor
necrosis factor-o (TNF-«), interleukin-6 (IL-6) and interleukin-10 (IL.-10 ) were detected. The wound healing rate at 7
d, 14 d, 21 d and 28 d together with the wound healing time were compared and analyzed statistically by analysis
of variance (ANOVA). Results: WBC and CRP in control group increased significantly at 1 d and 2 d, 2 d and 3 d,
respectively. IFN-y, IL-6 and IL-10 levels in serum showed increasing till 5th day and TNF-a arrived its peak value at
7th day. By contrast, WBC, CRP, TNF-q, IL-6 and IL-10 in the MSCs transplantation group showed slight increase after
burning and the differences were verified by statistically analysis. IFN-y showed no significant difference between
the two groups. MSCs transplantation group showed significantly higher wound healing rate at 14 d, 21 d, 28 d and
showed shorter wound healing time than control. Conclusions: MSCs transplantation could suppress secondary
inflammatory reaction by lowering inflammatory cytokines after burning, thus promoting wound healing and scald
repair in burn animal model.
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Introduction Therefore, inflammatory cytokine regulation
and excessive inflammatory response inhibition

Burn trauma can cause local and systemic are significant to the treatment of severe burns.

inflammatory response, and induce the produc-

tion of a variety of inflammatory mediators such Mesenchymal stem cells (MSCs), with the

as interferon-y (IFN-y), tumor necrosis factor o
(TNF-x), interleukin-10 (IL.-10) and interleukin-6
(IL-6) [1]. Proinflammatory cytokines of IFN-y,
TNF-a and IL-6 not only can induce the release
of other cytokines, but also can promote the
migration of neutrophiles cells and the adhe-
sion between neutrophiles and endothelial
cells. This can increase the release of inflam-
matory mediators [2]. Excessive release of the
infammatory mediators will further aggravate
tissue organ damages and cause localized
depletion of inflammatory cytokines, thus lead-
ing to local infection and deterioration [3].

capacities of self-renewal and multipotent dif-
ferentiation, are originated from mesoderm me-
senchymal tissues. They can differentiate into
epidermal cells, sebaceous, sweat glands and
other skin appendages cells, as a result, they
have the potential for treatment of burns. Wu et
al. indicated that MSCs transplantation could
promote skin healing, differentiation of endo-
thelial cells and formation of blood vessels [4].
Gao et al. reported that the MSCs those sys-
temically or locally transplanted could not only
migrate to the damaged skin tissues and pro-
mote epithelial tissue repair, but also could


http://www.ijcep.com

Immunosuppressive effects of MSCs in rat burn models

transdifferentiate into sebaceous glands, epi-
dermal keratinocytes, follicular epithelial cells
and other skin appendages [5]. In addition,
MSCs have immunomodulatory capacity. Under
different conditions, they can play anti-inflam-
matory roles or immune-enhancing roles [6-8].
However, there are no related reports focusing
on the regulation effects of MSCs transplanta-
tion on inflammatory responses in burn mo-
dels.

In this study, MSCs were transplanted into burn
rat models by subcutaneous injection. The
inflammatory indices such as WBC, CRP, IFN-y,
TNF-a, IL-6 and IL-10 were tested and com-
pared between MSCs-transplanted and non-
transplanted groups. Meanwhile, the tissue pa-
thological changes of the rat skins were also
compared. The regulation of MSCs transplanta-
tion on inflammatory responses in burn models
was further discussed.

Materials and methods
Isolation and culture of MSCs

MSCs were obtained from umbilical cords of
newborns. The umbilical cords were obtained
from the normal newborns in the General Hos-
pital of Urumqi. The puerperas signed the writ-
ten consents after informed. Briefly, the umbili-
cal cord was cut into 1-1.5 cm small segments,
then, Wharton'’s jelly was separated and cut in-
to 1 mm? pieces The samples were suspend
with a medium containing 89% DMEM-F12,
10% fetal bovine serum, 1% glutamine (GIBCO,
USA), 100 U/mL penicillin and 100 mg/mL str-
eptomycin (Solarbio, Beijing) and cultured in
the incubator at 37°C with 5% CO,. The medi-
um was changed every 3 days. When the cells
reached 70~80% confluence, they were pas-
saged at a ratio of 1:2 or 1:3 for several pas-
sages. The P2 (the second passage) -P4 (the
fourth passage) cells were used for the subse-
quent animal experiments.

Flow cytometry

The MSCs were identified with flow cytometry
(Beckman-Coulter, California, USA). The tested
cell surface markers included CD29, CD34,
CD44, CD45 and CD105. All the antibodies
were purchased from eBioscience, Inc. (San
Diego, CA, USA).
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Alizarin red staining and oil red staining

Adipogenic differentiation was induced in ex-
panded UC-MSCs by adding 0.5 mM 1-methyl-
3-isobutylxanthine, 1 yM dexamethasone, 10
MM insulin and 200 uM indomethacin in the
medium. After induced for 2 weeks, the accu-
mulation of neutral lipid vacuoles in induced
MSCs was detected by Oil Red O and examined
under light microscope. The general steps were
described as follows. The cells were fixed with
75% alcohol for 1 h and were washed with dis-
tilled water three times. Then, the cells were
stained with 0.3% Oil red O for 30 min at room
temperature and washed with 70 % alcohol for
30 min.

Osteogenic differentiation was induced in ex-
panded UC-MSCs by adding 10 mM beta -glyc-
erol phosphate, 50 uM ascorbate, 0.1 yM dexa-
methasone in the medium. After induced for 2
weeks, the calcium compounds induced MSCs
were fixed with 95% ethanol for 10 min and
were washed with distilled water three times.
Then, the cells were stained with 0.1% alizarin
red-Tris-Hcl (pH 8.0) for 30 min at 37°C and
were washed with distilled water three times. At
last, the cells were observed under light micro-
scope.

HE staining

The animals were sacrificed with an overdose
of anesthetics and the burn areas were re-
moved and transferred into 10% neutral-buff-
ered formalin until tissue processing for histo-
logical evaluation. The specimens were embed-
ded in paraffin, and sections of 5 um in thick-
ness were provided and stained using hema-
toxylin and eosin (H&E) and studied by a rou-
tine light microscope (Olympus, Tokyo, Japan).

Preparation of burn model

A total of 84 male Sprague-Dawley rats (sup-
plied by the Experimental Animal Center of
Xinjiang Medical University), with a mean weight
of 200 + 5 g, were randomly divided into two
groups: the transplantation group (n = 42) and
the control group (n = 42). The rats were housed
separately in a SPF lab, with free access to
water and adaptively fed for a week before
establishment of burn model. After anesthetiz-
ed with 3% pentobarbital at a concentration of
1.0 mL/kg, the dorsal hair of the rats was
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Figure 1. Culture and identification of MSCs. A. The stable proliferation of MSCs. B. Cell surface markers tested by
FCM. C. Oil Red O staining after adipogenic differentiation (40x). D. Alizarin Red staining after osteogenic differen-

tiation (40x).

removed. An iron mold was burned to red and
put on the rat back for 25 s to prepare burn
model when the measured bottom (diameter of
1.5 cm) center temperature was 200-210°C
(MT4 portable visible infrared thermometer,
FLUKE, USA).

Cell transplantation

At 24 hours after burn, P3 MSCs were suspend-
ed with 0.5 mL normal saline and transplanted
to the rats in the transplantation group with a
concentration of 2x10° cells/rat. The MSCs
were subcutaneously injected to multi-points at
about 0.5 cm from the burn parts.

Detection of inflammatory markers

The WBC was counted with cell counting board
and CRP was detected by nephelometric immu-
noassay method (Beckman Coulter Immage
800, California, USA). The contents of IFN-y,
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TNF-q, IL-6 and IL-10 were measured by ELISA
(Solarbio, Beijing, China).

Wound healing rate and healing time observa-
tion

Atthe 0d, 1d,2d,3d,5dand 7 d after burn,
6 rats in each group were taken and anesthe-
tized with 3% pentobarbital at a concentration
of 1.0 mL/kg. Blood was collected for inflam-
matory indices detection via inferior vena cava
after abdomen opening. The rats were then
sacrificed, and the burn parts of the skin tis-
sues were obtained for HE staining [9]. At 7 d,
14 d, 21 d and 28 d after burn, 6 rats in each
group were used for wound healing rates mea-
surement and complete wound healing time
calculation. The wound diameters of the rats in
the two groups were measured, and the wound
healing rates were calculated. The calculation
formula was: Healing rate = (Original wound
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Table 1. WBC counts of the rats in different groups at varied time points (x + s, x10° n = 6)

Group od 1d 2d 3d 5d 7d
Transplantation 9.50+0.94 1042+1.40 9.81+1.76*% 9.38+1.23 10.13+1.33 9.99+1.04
Control 9.52+115 1056+154 1423+1.25 10.88+162 955+1.23 8.66+1.24

Note: Compared with control, 2P < 0.05.
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Figure 2. The longitudinal change trends of inflammatory markers in the rats. A-F. showed the levels of WBC, CRP,
IFN-y, TNF-q, IL-6 and IL-10 respectively. Blue line indicated the Control Group while red line did the Transplantation
Group.

Table 2. CRP contents of the rats in different groups at varied time points (x + s, mg/l, n = 6)

Group 0od 1d 2d 3d 5d 7d
Transplantation 1.51+0410 1.714+0.418 1.61+0.16* 1.77+0.14* 156+0.12 1.56+0.10
Control 1.52+0.14 1.85+0.17 2.77 £0.13 3.81+0.18 1.51+0.11 1.54+0.13

Note: Compared with control, #2P < 0.01.

area-Non-healing wound area)/Original wound
area. According to the healing condition of the
burn wound, the healing time was recorded as
the required time of rats in each group for com-
plete epithelialization of the wound.

Statistical analysis

All the statistical analyses were performed
using SPSS version 17.0 (SPSS Inc, Chicago, IL,
USA). Comparison between the two groups was
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performed using analysis of variance (ANOVA).
A Pvalue < 0.05 was considered as statistically
significant.

Results
Identification of MSCs

To make sure the cells separated were MSCs
but not other cell types, a series of experiments
were carried out. After 3 days of culture, the P3
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Table 3. The contents of INF-y, TNF-q, IL-6 and IL-10 of the rats in different groups at varied time

points (x = s, pg/ml, n = 6)

Group od 1d 3d 5d 7d

INFy  Transplantation 46.67+5.39 51.50+9.54 52.50+13.80 52.33 + 14.05 56.50 + 11.00 60.33 + 6.56
Control 42.67+5.89 48.67+991 5717 +13.56 57.33 £ 15.73 61.67 + 15.15 50.00 + 6.16

TNF-o  Transplantation 8.18 + 1.15 9.99+1.78 10.85 + 1.14% 12.30 + 1.36° 13.38 + 1.22% 13.48 + 1.11%
Control 8.60 + 1.20 10.49 + 1.35 13.10 + 1.10 14.99 + 1.23 16.17 + 1.16 16.75 + 1.13

IL-6 Transplantation 2659+ 1.59 26.42+1.94 25.95 + 1.81 27.25 + 1.40° 27.15 + 1.65% 28.37 + 2.30%
Control 2537 +1.25  27.24+1.52 29.47 +2.35 31.19 + 2.41 33.28 + 1.74 32.30 + 1.80

IL10  Transplantation 62.37 +2.74  6722+2.42  68.84 +2.35 67.86 + 1.90% 68.77 + 2.34% 71.44 + 2528
Control 61.37 + 1.47  68.63 + 2.52 7755+ 2.26 83.42 + 1.49 88.15 + 2.95 78.68 + 2.02

Note: Compared with control, 2P < 0.05; P < 0.01.

Table 4. Healing rates at different time points after burn (%)

Time-dependent changes of

the inflammatory markers

Group 7d 14 d 21d 28d
Transplantation 14.3 +1.28 47.2+1.72% 76.2 +2.06* 97.2 + 2.74% To investigate the function of
Control 125+1.39 33.8+156 50.4+1.78 79.4+2.09 MSCs on burn WOUndS, the

Note: Compared with control, 2P < 0.05.
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Figure 3. The longitudinal change trends of the heal-
ing rates of the rats wounds. Compared with the
control group, there was a significant difference (P
< 0.05).

adherent cells mainly exhibited fusiform sh-
apes, grew evenly and arranged regularly
(Figure 1A). Flow cytometry results showed
that the positive rates of CD29, CD44, CD90
and CDIO5 surface markers were all over 95%,
while CD34 and CD45 were not expressed
(Figure 1B). After adipogenic and osteogenic
differentiation, positive staining of Oil Red O
and Alizarin Red were observed (Figure 1C and
1D). These results together indicated that the
cells separated were MSCs.
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amounts of the inflammatory

markers were detected at dif-

ferent times. At 24 hours after
burn, all the inflammatory markers in the con-
trol group showed increasing trends to varied
degrees. The WBC (Table 1; Figure 2A) and
CRP (Table 2; Figure 2B) levels reached peaks
at the 2nd and 3rd day, respectively. IFN-y
(Table 3; Figure 2C), IL-6 (Table 3; Figure 2E)
and IL-10 (Table 3; Figure 2F) reached peaks at
the 5th day after burn. TNF-a (Table 3; Figure
2D) reached the peak at the 7th day. The con-
tents of WBC, CRP, IFN-y, TNF-q, IL-6 and IL-10
in the rats blood samples of the transplanta-
tion group were all reduced compared to the
control group. WBC decreased most significant-
ly at the 2nd day (P < 0.05), CRP decreased sig-
nificantly at both the 2nd and 3rd days (P <
0.01), TNF-a and IL-10 both decreased from the
2nd day to the 7th day (P < 0.05), and IL-6
reduced significantly from the 3rd day to the
7th day (P < 0.05). There was no significant dif-
ference in IFN-y between the two groups (Table
3; Figure 2C). In conclusion, the forementioned
results showed that MSCs could reduce release
of inflammatory markers.

Comparison of the healing rate and time

To investigate the function of MSCs on healing
rate and time, healing rate and time in both
groups were recorded and compared. The heal-
ing rate of the transplantation group was sig-
nificantly higher than that of the control group
at varied time points (Table 4; Figure 3). The
healing time of the transplantation group (29 +
2.8 days) was significantly shortened compared

Int J Clin Exp Pathol 2015;8(5):5129-5136
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Figure 4. Histological HE staining of rats burnt tissues. (A-F) Showed the skin specimens at 0 d, 14 d and 28 d after
burning respectively. The Control Group: (A-C); the Transplantation Group: (D-F).

to that of the control group (35 + 2.4 days). To
sum up, these results suggest that MSCs great-
ly increase the healing of burn wounds.

Histopathological observation

To identify the role of MSCs on granulation tis-
sues growth, Histopathological examination
was carried out. Histopathological examination
confirmed that the models were Grade Ill burns
(Figure 4A and 4D). Granulation tissues
appeared in both groups 14 days after burn
(Figure 4B and 4E), however, there were less
new granulation tissues in the control group
(Figure 4E). The numbers of capillaries and
fibroblasts in the transplantation group were
significantly increased compared to the control
group, and there were more abundant granula-
tion tissues formed (Figure 4B). At 28 days
after burn, the transplantation group had a
wealth of new capillaries and clear structures
for each skin layer (Figure 4C), while in the con-
trol group, the skin layers were obscure and
there was more congestion in the neovascular-
ization (Figure 4F). The Histopathological exam-
ination results illustrated that MSCs could pro-
mote granulation tissues growth after burn
wounds.
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Discussion

In this study, in order to verify that MSCs could
inhibit inflammation and promote the subse-
quent repair in the burned rats, MSCs were
subcutaneously injected to the burned rats,
and then compared with the burned rats with-
out transplantation. The results showed that
the healing time of the MSCs transplantation
group was 29 * 2.8 days, which was significant-
ly shortened while compared to that of the con-
trol group (35 + 2.4 days). The healing rate of
the transplantation group was significantly
higher than that of the control group. We also
detected the changes of WBC, CRP, and inflam-
matory cytokines IFN-y, TNF-¢, IL-6 and IL-10 in
the burned rats. The results showed that 24
hours after burn, substantial rises appeared in
WBC and CRP, while the serum inflammatory
cytokines IFN-y, TNF-q, IL-6 and IL-10 showed
different degrees of increase in the control
group. For the transplantation group, WBC, CRP
and the inflammatory cytokines all exhibited
varied degrees of reduction compared to the
control group. The phenomenon of expression
decrease of WBC, CRP, TNF-a, IL-6 and other
inflammatory markers indicate that MSC trans-
plantation reduces the levels of systemic

Int J Clin Exp Pathol 2015;8(5):5129-5136



Immunosuppressive effects of MSCs in rat burn models

inflammatory response and improves the repair
process by inhibiting the post-burn inflamma-
tion in the burn rats. The known effect of IL-10
is to inhibit inflammation. Previous researches
show that when exposed to the microenviron-
ment with high proinflammatory cytokines,
MSCs could reduce the proinflammatory cyto-
kine TNF-a« whereas up-regulate the anti-inflam-
matory cytokine IL-10 [10, 11]. However, in this
study, the level of IL-10 in transplantation group
was lower than that of the control group. The
seemingly contradictory phenomenon might be
caused by two reasons. One is that, in the
burned rat model, the body is in a state of com-
pensated anti-inflammatory response syn-
drome (CARS) due to the production of a large
number of proinflammatory cytokines. CARS
could lead to excessive production of IL-10.
While the proinflammatory cytokine level was
not obviously increased after MSCs transplan-
tation, the CARS response would be weaker,
which in turn led to lower IL-10 level in trans-
plantation groups [12]. Another is that MSCs
might paracrine some active factors like indole-
amine 2, 3-dioxygenase (IDO), nitric oxide (NO)
and so on, to enhance the effects of IL-10,
which accelerated its consumption, and thus
made IL-10 level lower in the transplantation
group than the control group. The IFN-y showed
obvious increasing trend after burn, and
reached the peak at the 5th day. After MSCs
transplantation, it showed no obvious differ-
ence from the control group, indicating that
transplantation of MSCs has no significant
effect on the production of IFN-y.

MSCs have low immunogenicity and immuno-
modulatory properties, showing application
promising in the treatment of transplantation
rejection [13-15]. It is reported that the use of
immunomodulatory properties of MSCs for the
treatment of autoimmune disease, systemic
inflammatory response syndrome (SIRS), graft
versus host disease (GVHD) and other disease,
could achieve satisfactory clinical effects [16].
In this study, after MSCs transplantation, we
detected and compared the variance in the
inflammatory markers levels between MSCs
transplantation and non-transplantation grou-
ps. We found that MSCs transplantation could
reduce inflammatory markers and shorten the
wound healing time after burn, which means
that MSCs could suppress the secondary in-
flammatory injury at the burned parts and help

5135

the subsequent skin repair and reconstruc-
tion.

In short, this study indicates that the immuno-
modulatory effects of MSCs have great signifi-
cance in the burn healing process. However, in
the course of burn treatment, how to grasp the
best MSCs transplantation time and the spe-
cific mechanism of MSCs modulating immune
response still needs in-depth research work.
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