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Objectives. To investigate whether hUC-MSCs attenuated severe burn-induced ALI and the effects were based on TSG-6 secreted
from hUC-MSCs.Method. A rat model was established and evaluated as follows: cytokine expression was measured by ELISA, and
both inflammatory cell infiltration and lung injury were assessed by immunohistochemistry assay. Results. In vitro, TSG-6 levels in
serum from the burn group were significantly increased compared with those from the sham group. In vivo, TSG-6 levels of lung
tissues and serum in the burn+hUC-MSC group were significantly increased compared with those in the burn group. Both in lung
tissues and in serum, increased levels of proinflammatory cytokines (TNF-α, IL-1β, and IL-6) were remarkably decreased, but the
anti-inflammatory cytokine IL-10 increased after hUC-MSC administration (p < 0:05). These significant positive effects after
hUC-MSC transplantation did not occur in the burn+siTSG-6 group. Conclusion. The intratracheal implantation of hUC-
MSCs has been an effective treatment for severe burn-induced ALI via promoting TSG-6 secretion and inhibiting
inflammatory reaction in lung tissue.

1. Introduction

Acute lung injury (ALI) and its severe manifestation acute
respiratory distress syndrome (ARDS) are common forms
of hypoxic respiratory failure in patients with a mortality
rate of 25–40% [1]. ALI/ARDS is also a major complication
and a common cause of mortality in severely burned
patients [2]. Growing evidence from experimental and clin-
ical studies had shown that the systemic inflammatory
response plays critical roles in the development and mortal-
ity of ALI/ARDS [3–5]. Several studies have shown that
transplantation of MSCs can reduce the systemic inflamma-
tion, attenuate lung injury, and improve survival in models
of ALI [6–8]. Unfortunately, there are no animal models of
severe burn-induced ALI in these studies. The human

umbilical cord MSCs (hUC-MSCs) emerged recently as an
attractive source of MSCs for clinical application. The
hUC-MSCs not only share the same features such as multi-
lineage differentiation, paracrine functions, and immune-
modulatory properties of all MSCs but also have some
unique advantages, such as not requiring for bone marrow
matching, low immunogenicity, higher self-renewal capaci-
ties, and accelerating injury tissue repair processes [9, 10].
Our previous experiments had demonstrated that severe
burns could bring a systemic inflammatory reaction. Mean-
while, hUC-MSCs could alleviate the systemic inflammatory
reaction of severe burn through secreting a variety of bioac-
tive factors [11]. However, little is known about hUC-MSCs
in the prevention of severe burn-induced ALI. The multipo-
tential anti-inflammatory protein tumor necrosis factor-
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(TNF-α-) stimulated gene/protein 6 (TSG-6) has been found
to be efficacious in a wide range of disease models, including
respiratory disease models. Our previous study further testi-
fied the potential role and mechanism of hUC-MSCs secret-
ing TSG-6 that attenuated severe burn-induced excessive
inflammation via inhibiting activation of P38 and JNK sig-
naling ways [11, 12]. Above discoveries prompted us to fur-
ther investigate whether hUC-MSCs attenuate severe burn-
induced ALI via paracrine secreting TSG-6, which inhibits
the inflammatory reaction in lung tissue. Within this study,
we investigated the therapeutic potential and mechanism
of hUC-MSCs on severe burn-induced ALI in a rat model.

2. Materials and Methods

2.1. hUC-MSC Preparation. All experimental procedures
were in accordance with the international guidelines for bio-
medical research in experimental animals issued by the
Committee of International Organizations of Medical scien-
tific (CIOMS). We approved the certification of the institu-
tional animal care and use committee of the Fourth
Medical Center of PLA General Hospital and obtained the
informed consent of all subjects. The primary human umbil-
ical cord mesenchymal stem cells (hUC-MSCs) were pur-
chased from ScienCell Research Laboratories (ScienCell,
San Diego, CA). The hUC-MSCs were examined using flow
cytometry and are positive for CD105, CD90, CD44, CD29,
and HLA-I and negative for CD34, CD45, HLA-DR, CD31,
and vWF as described in our previous publication [12]. They
have the potential to develop into mature cells that produce
fat, cartilage, bone, tendons, and muscle. These properties, in
combination with their developmental plasticity, have gener-
ated tremendous interest because of the potential use of
MSC in regenerative medicine to replace damaged tissues.

2.2. Ex Vivo Evaluation of TSG-6 Released from hUC-MSCs
in Serum of Burn Animals. The hUC-MSCs were plated into
6-well plates with a cell density of 5000 cells/cm2 and incu-
bated with 3ml mesenchymal stem cell medium serum
free (MSCM-sf) (ScienCell Research Laboratories, San
Diego, CA) for 1 day, which were subsequently cultured
continuously with 3ml of MSCM-sf containing 10% sham
serum or burn serum at 24 hours postsevere burn. Cur-
rently, the levels of inflammatory mediators, oxidative
stress factors, and other factors were very high. TSG-6
secretion from hUC-MSCs after 10% burn serum continu-
ous culture and the supernatant of the cells were assayed
by using the ELISA kit.

2.3. hUC-MSCs Were Transfected with siRNA for TSG-6.We
selected the lentiviral expression vector containing the TSG-
6 siRNA sequence (GeneChem, Shanghai, China) for spe-
cific targeting TSG-6, including Lenti-TSG-6-siRNA, and
its negative control vector, Lenti-GFP-siRNA. TSG-6 siRNA
lentivirus vectors were generated by ligating the vector PGC-
LV. TSG-6 siRNA oligonucleotide sequences are forward 5′-
CCGGTTCTCCGAACGTGTCACGTTTCAAGAGAACGT
GACACGTTCGGAGAATTTTTG-3′ and reverse 5′-AATT

CAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAA
CGTGACACGTTCGGAGAA-3′.

The sequences of control siRNA are forward 5′-CCGG
GCAAGCTGACCCTGAAGTTCATCTCGAGATGAACT
TCAGGGTCACGTTGCTTTTTG-3′ and reverse 5′-AATT
CAAAAAGCAAGCTGACCCTGAAGTTCATCTCGAGA
TGAACTTCAGGGTCACGTTGC-3′.

The recombinant lentivirus was produced by cotrans-
fecting HEK293T cells with pGC-LV-GFP-siRNA or pGC-
LV-TSG-6-siRNA, pHelper 1.0, and pHelper 2.0 plasmids
using Lipofectamine 2000 (GeneChem, Shanghai, China).
The hUC-MSCs were transfected with the prepared lentivi-
rus (Lenti-TSG-6-siRNA or Lenti-GFP-siRNA). The hUC-
MSCs were plated into either 6-well plates or T-75 culture
bottles with a cell density of 5000 cells/cm2 and incubated
with 3ml or 10ml MSCM-sf without antibiotics for 1 day.
And then, these cells were transfected with 1ml medium of
Lenti-TSG-6-siRNA or Lenti-GFP-siRNA according to the
protocol provided by the manufacturer. After 12 hours, the
medium was changed, and these cells were incubated with
MSCM-sf without antibiotics for 3–4 days sequentially.
The efficiency of TSG-6 gene knockdown in hUC-MSCs
was evaluated using GFP-fluorescence observation and
Western blot. Then, hUC-MSCs in T-75 culture bottles were
harvested with 0.25% trypsin and resuspended at 5 × 106
cells in 1ml sterile PBS for subsequent implantation.

2.4. Animals. All studies adhered to procedures consistent
with the International Guiding Principles for Biomedical
Research Involving Animals issued by the Council for the
International Organizations of Medical Sciences (CIOMS),
and all experimental protocols were approved by the Institu-
tional Animal Care and Use Committee at the Fourth Med-
ical Center of PLA General Hospital and were performed in
accordance with the AVMA Guidelines for the Euthanasia of
Animals: 2013 Edition. Six-week-old male Wistar rats (180–
220 g) were obtained from the local animal facility and
housed at the Institute of Animal Experiments of the Fourth
Medical Center of PLA General Hospital in stables with a
temperature of 22°C, a relative humidity of 55%, and a
day/night cycle of 12/12 hours, with food and water ad libi-
tum throughout the experiment.

2.5. Experimental Groups. Wistar rats were randomly
divided into 5 groups: (1) sham, (2) burn, (3) burn+hUC-
MSCs (burn and implantation with hUC-MSCs), (4) burn+-
vehicle (burn and implantation with hUC-MSCs transfected
with Lenti-GFP-siRNA), and (5) burn+siTSG-6 (burn and
implantation with hUC-MSCs transfected with Lenti-TSG-
6-siRNA). Rats in each group were divided equally into three
subgroups of 6 rats according to the indicated time points of
d1, d3, and d7 for the samples collected.

2.6. Animal Treatment. The rats were anesthetized with
Avertin (20mg/ml and 300mg/kg) (2,2,2-tribromoethanol,
Sigma, USA) via intraperitoneal injection. The dorsal and
abdominal hair was completely shaved. Rat models with
50% TBSA full-thickness burn injury were established via
placing the backside and abdomen into hot water (94°C)
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for 12 s and 6 s, respectively [11, 13, 14]. Intraperitoneal
injections of balanced salt solution (40ml/kg) were immedi-
ately administered to prevent shock in all groups. We
adopted a 20-gauge central catheter as a tracheal catheter,
while rats were restrained on the 45° inclined operating
board with their head facing the operator. The upper inci-
sors of the rat were fixed with a cotton thread to the nails
at one end of the operating board, so the head of the rat
was raised, and we inserted the laryngoscope into its mouth.
The glottis of the rat can be seen in the light of the laryngo-
scope. The tracheal catheter was quickly inserted into the
airway when the glottis was opened [15, 16]. The rats in
the burn+hUC-MSC group immediately received intratra-
cheal implantation of 5 × 106 (1ml) hUC-MSCs after burn.
The rats in the burn+vehicle and burn+siTSG-6 groups
received intratracheal implantation of 5 × 106 (1ml) hUC-
MSCs transfected with Lenti-GFP siRNA or Lenti-TSG-6-
siRNA at the same time. The rats in the sham and burn
groups received intratracheal implantation of 1ml PBS. All
rats in each group were clinically evaluated. The burn wound
and rats in the sham group were treated as previously
described [11]. The blood and lung tissue samples were col-
lected at each indicated time point. After anesthesia with the
above anesthetics, the rats’ blood was extracted from the
inferior vena cava. And then, rats were euthanized with an
overdose of pentobarbital sodium intravenously.

At each indicated time point, blood samples from the
inferior vena cava were extracted, and lung tissue samples
were collected. And then, rats were euthanized with an over-
dose of pentobarbital sodium intravenously.

2.7. Specimen Collection and Detection. Both the lung tissue
and blood samples in all groups were taken from the aorta
ventralis at d1, d3, and d7 after injury. Subsequently, one
piece of lung specimen was stored in liquid nitrogen for
TSG-6 detection using the ELISA kit; also, another piece
was fixed using 4% paraformaldehyde for immunohisto-
chemical analysis and H&E staining. The detection range
of the kit is from 0.312 ng/ml to 20 ng/ml. 100mg lung tissue
was rinsed with PBS, homogenized in 1ml of PBS, and
stored overnight at −20°C. After two freeze-thaw cycles were
performed to break the cell membranes, the homogenates
were centrifuged for 5 minutes at 5000 g at 2–8°C. The
supernatant was removed and assayed immediately. The
standard was diluted following the manufacturer’s instruc-
tion. Use the stock solution to produce a 2-fold dilution
series. Mix each tube thoroughly before the next transfer.
The undiluted standard serves as the high standard (20 ng/
ml). The sample diluent serves as the standard zero.

2.8. Histological Analyses. After fixation with 4% paraformal-
dehyde for 1 week at room temperature, the specimens were
embedded in paraffin and sectioned into five-micrometer-
thick sections. Then, the slices were deparaffinized with
dimethyl benzene, rehydrated, and then stained with H&E
in accordance with standard procedures. Infiltrations of neu-
trophils and macrophages were detected via incubating with
specific antibodies (MPO, CD68; from R&D Systems, Min-
neapolis, MN), the corresponding secondary antibody, and

the PAP (peroxidase-antiperoxidase) complex in turn and
finally stained with DAB (3,3′-diaminobenzidine). Myelo-
peroxidase (MPO) exists in the cytoplasm of neutrophils
and can be used as an indicator of neutrophils in lung tissue.
The positive reaction of neutrophils is brown-yellow colori-
zation. CD68 is a macrophage-specific antigen which is
direct evidence for the identification of macrophages. The
positive reaction of macrophages is brown colorization. Ran-
domly, five different visual fields under a light microscope
(400x) of each respective section were chosen, and CD86-
and MPO-positive cells were counted by an experienced sci-
entist in a blinded manner.

2.9. Western Blotting. Protein from hUC-MSCs was isolated
using RIPA buffer (Sigma Life Science), containing PMFS
(Sigma Life Science) and complete Mini Protease inhibitor
cocktail (Roche). Cells were centrifuged at 3000g for
10min to collect the nuclei, and then, the supernatants were
further centrifuged at 17,000g for 20min to separate the
mitochondrion. The cytoplasm was diluted in Laemmli
buffer and denaturized at 95°C for 10min. Protein was quan-
tified using a commercial bicinchoninic acid (BCA) kit
(BCA Protein Assay Kit; Pierce Biotechnology Inc., Rock-
ford, IL, USA). Equal amounts of protein were subjected to
SDS-PAGE gel as previously described [17], and the anti-
TSG-6 antibody (1 : 1,000) and anti-β-actin antibody
(1 : 20,000) (R&D Systems, Minneapolis, MN) were used
for the protein expression assay.

2.10. Enzyme-Linked Immunosorbent Assay (ELISA). 100mg
lung tissue was rinsed and homogenized and then stored
overnight at −20°C. The samples were performed to break
the cell membranes; the homogenates were centrifuged for
5 minutes at 5000μg at 2–8°C. The supernatant was
removed. The double-antibody sandwich ELISA kits
(eBioscience, USA) were used to detect the levels of tumor
necrosis factor alpha (TNF-α), interleukin-1β (IL-1β), IL-6,
IL-10, MPO, and TSG-6 in lung tissues and serum according
to the manufacturer’s protocols.

2.11. Statistical Analysis. All data were expressed as the
mean ± SD and analyzed using SPSS 18.0 (SPSS Inc., Chi-
cago, IL, USA). ANOVA followed by the Tukey Cicchetti
test for multiple comparisons or nonparametric Kruskal-
Wallis test as appropriate was used for statistical analysis.
Statistical significance level was set at p < 0:05.

3. Results

3.1. TSG-6 Levels in Supernatant/Lung Tissues/Serum and
TSG-6 Knockdown Efficiency. To investigate whether TSG-
6 secreted from hUC-MSCs influenced their therapeutic
effect or not, we firstly examined the levels of TSG-6 secre-
tion from hUC-MSCs after treatment with serum of sham
or burn. Compared with the sham group, TSG-6 levels in
the supernatant of burn serum were significantly increased
in vitro at 24 hours postburn (Figure 1(a)). The hUC-
MSCs cultured in vitro were transfected with Lenti-GFP
siRNA or Lenti-TSG-6-siRNA. As shown in Figure 1(b),
representative photographs demonstrated successful
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transfection with Lenti-GFP siRNA or Lenti-TSG-6-siRNA.
The data from Western blotting showed that TSG-6 expres-
sion was significantly decreased after Lenti-TSG-6-siRNA
transfection compared with that of the vehicle group
(Figure 1(c)). In vivo, TSG-6 levels of the burn+hUC-MSC
group in lung tissues were significantly increased compared
with those of the burn group at d1, d3, and d7 postsevere
burn (Figure 1(d)). Meanwhile, TSG-6 levels of the burn+-
hUC-MSC group in serum were significantly increased com-
pared with those in the burn group in vivo (Figure 1(e)).
TSG-6 levels of lung tissues and serum reached the peak at
d3 in the burn+hUC-MSC group.

3.2. The Effect of hUC-MSCs and TSG-6 Knockdown on
Structural Damage and Total Inflammatory Cell Infiltration
in Lung Tissues after Severe Burn. We evaluated the thera-
peutic influence of hUC-MSCs and TSG-6 knockdown on
the structural changes and infiltrated degree of total inflam-
matory cells in the lungs at d1, d3, and d7 postsevere burn
using H&E staining. As shown in Figure 2, compared with
the sham group, the structural damage, including alveoli
fusion, interstitial hemorrhage, alveoli exudation, and infil-
trated degree of total inflammatory cells in the lung tissues
of the burn group, was remarkably increased at d1. Mean-
while, these changes were less severe in the burn+hUC-
MSC group at d1. Destroyed structure and inflammatory cell
infiltration after burn, such as neutrophil infiltration, inter-
stitial edema, and pulmonary hemorrhage, were all
improved gradually at d3 and d7. However, we noted that
burn+hUC-MSCs recovered faster than other groups. More-
over, we found that the therapeutic effect of hUC-MSCs on
the structural damage and total inflammation was sharply
decreased after TSG-6 knockdown (Figure 2). Respectively,
we calculated the neutrophil and macrophage infiltration

of lung tissues induced by severe burns to evaluate the ther-
apeutic influence of hUC-MSCs and TSG-6 knockdown on
lung tissues at d1, d3, and d7 after severe burns using immu-
nohistochemical staining. As shown in Figure 3, compared
with the sham group, the neutrophil infiltration degrees of
lung tissues in the burn group were remarkably increased,
and they were markedly decreased by hUC-MSC adminis-
tration (p < 0:05). Furthermore, the data showed that the
therapeutic effect of hUC-MSCs on neutrophil infiltration
in the lung was sharply decreased after TSG-6 knockdown
(Figure 3(a)). The quantitative analysis was reported in the
corresponding histogram (p < 0:05) (Figure 3(b)). As shown
in Figure 4, in comparison with those in the sham group,
macrophage infiltration degrees of lung tissues in the burn
group were significantly increased, which were dramatically
decreased after hUC-MSC implantation (p < 0:05). Further-
more, the data showed that the therapeutic effect of hUC-
MSCs on macrophage infiltration in the lung was also
sharply decreased after TSG-6 knockdown (Figure 4(a)).
The quantitative analysis was reported in the corresponding
histogram (p < 0:05) (Figure 4(b)). It suggested that the ther-
apeutic effect of hUC-MSCs on attenuating burn-induced
neutrophil and macrophage infiltration was dependent on
the level of TSG-6 expression. Downregulation of TSG-6
expression in hUC-MSCs significantly reduced their thera-
peutic function on improving structural damages and total
inflammatory cell infiltrations of the lung tissues
(Figures 2–4).

3.3. The Effect of hUC-MSCs and TSG-6 Knockdown on
Inflammatory Cytokines in Lung Tissues after Severe Burn.
We also tested the levels of the proinflammatory cytokines
TNF-α, IL-1β, IL-6, and MPO and the anti-inflammatory
cytokine IL-10 in lung tissues at d1, d3, and d7 after severe
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Figure 1: Secretion and knockdown efficiency of the TSG-6. (a) TSG-6 levels in supernatants of control, sham serum, and burn serum
groups were evaluated by ELISA. Compared with control and sham groups, the TSG-6 levels in the burn serum group were significantly
increased. (b) Representative photographs demonstrated successful transfection with Lenti-GFP-siRNA (vehicle) and Lenti-TSG-6-siRNA
(siTSG-6) in hUC-MSCs (the inverted fluorescence microscope, 100x). (c) The levels of TSG-6 protein expression in hUC-MSCs after
transfection with Lenti-GFP-siRNA and Lenti-TSG-6-siRNA were detected by Western blotting, and quantitative analysis is shown in the
corresponding histogram. (d, e) TSG-6 levels in lung tissue and serum of burn and burn+hUC-MSC groups were also evaluated using
ELISA. TSG-6 level of the burn+hUC-MSC group was significantly higher than that of the burn group. Values are represented as mean
± SD (n = 6). Asterisk (∗) and double asterisk (∗∗) stand for p < 0:05 and p < 0:01, respectively.
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burn using ELISA. As shown in Figure 5, compared with the
sham group, the levels of proinflammatory cytokines, such
as TNF-α (Figure 5(a)), IL-1β (Figure 5(b)), IL-6
(Figure 5(c)), and MPO (Figure 5(d)), in the lung tissues of
the burn group were remarkably increased, and they were
all markedly decreased after hUC-MSC administration
(p < 0:05). It is worth noting that the level of the anti-
inflammatory cytokine IL-10 (Figure 5(e)) in the burn+-
hUC-MSC group was significantly higher than that in the
burn group and sham group, and that in the burn group
was also higher than that in the sham group (p < 0:05).

While the data also indicated that the therapeutic effect
of hUC-MSC knockdown TSG-6 surely increased the levels
of proinflammatory cytokines, such as TNF-α, IL-1β, IL-6,
and MPO, and decreased the anti-inflammatory cytokine
IL-10 in lung tissues (p < 0:05) (Figure 5).

4. Discussion

During the last few years, human MSCs as a cellular therapy
for the ALI/ARDS have ignited much interest of researchers,
and the therapeutic effects have been demonstrated in differ-
ent animal models [18–20]. Studies have shown that MSCs
have therapeutic effects in various preclinical models of lung
diseases via direct differentiation and paracrine action
[21–23]. Indeed, there were a few of MSCs that survive for
more than one week after systemic administration, suggest-
ing that the main effects of MSCs are probably mediated
by paracrine mechanisms [24].

Patients with ALI caused only by severe burns or scald
were not uncommon in the clinic, especially in children. In
the present study, we established a severe burn-induced
ALI in a rat model to investigate the therapeutic effects of
hUC-MSCs and their possible mechanism. We found that
intratracheal implantation of hUC-MSCs increased the sur-

vival rates and significantly attenuated severe burn-induced
ALI via inhibiting pulmonary inflammation, and the thera-
peutic effects of hUC-MSCs were strongly reduced when
the expression of TSG-6 was inhibited via RNA interference.
It indicated that the therapeutic effects of hUC-MSCs in
severe burn-induced ALI rats were associated with the solu-
ble factor TSG-6 secreted by hUC-MSCs itself.

We created a rat model with a classical pulmonary
inflammatory state via severe burn [13, 14, 25]. The severity
of the lung injury was characterized by several pathological
parameters, just as described in the diagram (Figures 2–4).
All these pathological changes are closely tied to the human
ALI, which indicates that our model successfully duplicated
human ALI. These parameters were all improved after intra-
tracheal implantation of hUC-MSCs, which indicated the
therapeutic benefits of hUC-MSC implantation on severe
burn-induced ALI. These findings proved that the intratra-
cheal injection of hUC-MSCs attenuated lung injury in
severe burn-induced ALI rats. Our results were consistent
with some other previous studies, in which the administra-
tion of hUC-MSCs or BM-MSCs reduced systemic inflam-
mation and attenuated LPS-induced ALI in rats [26].

ALI is an uncontrollable pulmonary inflammatory dis-
ease characterized by the release of cytokines and neutrophil
accumulation. Neutrophils are the primary cells being con-
vened to the site of inflammation and releasing inflamma-
tory cytokines. Macrophages are another predominant cells
existing in either a proinflammatory (M1) or anti-
inflammatory (M2) state, acting as a trigger of the inflamma-
tory response, and contributing to both the initiation and
resolution of inflammation. MSC treatment could regulate
macrophages with the anti-inflammatory phenotype and
simultaneously enhance the phagocytic activity of macro-
phages [27]. In our study, the infiltration of neutrophils
and macrophages in lung tissue in the burn group was

1d

Sham Burn Burn+hUCMSC Burn+Vehicle Burn+siTSG-6

3d

7d

Figure 2: Effect of TSG-6 on the structural damage and total inflammatory cell infiltrations of lung tissues induced by severe burn.
Representative photographs of lung tissues in all groups using H&E staining are shown (the light microscope, 400x).
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remarkably increased and surely reduced after being treated
with hUC-MSCs. This alleviative lung injury of hUC-MSCs
was once confirmed in canine radiation-induced ALI model
via reducing oxidative stress, inflammatory reactions, and
TGF-β-Smad 2/3 pathway activation [28].

MPO is an enzyme stored in neutrophils and macro-
phages and released into the extracellular fluid in the setting
of the inflammatory process. Since MPO is an important
enzyme in the inflammatory process, there is an ongoing
interest in the use of MPO as a biomarker for assessing the
extent of inflammatory response in our present study. After
a severe burn, a remarkable increase in MPO in lung tissues
was detected in the burn group, and the peak level was
shown at d1. As we expected, treatment with hUC-MSCs
clearly reduced the MPO activity at d1, d3, and d7. Previ-
ously, Li et al. found that intravenous infusion with hUC-
MSCs significantly inhibited LPS-stimulated MPO activity
in rat lung tissues [26]. Reduced MPO activity indicates an
improvement of lung injury and confirmed the therapeutic

effects of hUC-MSCs on burn-induced lung injury through
promoting anti-inflammatory homeostasis.

The proinflammatory cytokines TNF-α, IL-1β, and IL-6
are the primary mediators of the acute phase response. Pre-
vious studies showed that the decreased neutrophil recruit-
ment into the lung tissue and suppressed expression of
TNF-α, IL-1β, and IL-6 can improve the outcomes of ALI
[29]. Several other studies have also shown that MSCs could
decrease the plasma level of TNF-α and IL-1β through para-
crine secretion [30]. Consistent with previous studies,
increased levels of these inflammatory cytokines were found
in our model of severe burn-induced ALI. After severe
burns, the concentration of TNF-α, IL-1β, and IL-6 signifi-
cantly increased. The difference is simply that the peak level
occurs at different times. For TNF-α and IL-1β, the peak
level appeared on d1, while the peak level of IL-6 appeared
on d3. When hUC-MSCs were intratracheally implanted
after burn, the concentration of proinflammatory cytokines
in lung tissues decreased significantly, which was mostly in
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Figure 3: Effect of TSG-6 secretion and knockdown on neutrophil infiltrations of lung tissues induced by severe burn. (a) Representative
photographs of MPO+ in lung tissues using immumohistochemical staining are shown (the light microscope, 400x). (b) The quantitative
analysis is shown in the corresponding histogram. Values are represented as mean ± SD (n = 6). Asterisk (∗) and double asterisk (∗∗)
stand for p < 0:05 and p < 0:01, respectively.
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agreement with previous studies demonstrating that BM-
MSCs can reduce TNF-α and IL-6 secretion by lung macro-
phages via the paracrine pathway or direct contact with host
cells [30]. Our results also confirmed that hUC-MSCs were
able to protect the lung from injury through reducing the
inflammatory response.

Interleukin-10 (IL-10), one of the most important anti-
inflammatory cytokines, is known to reduce the synthesis
of proinflammatory cytokines. IL-10 treatment is supposed
to be a promising therapeutic strategy to reduce lung injury
[30–32]. Some argued that the progression of ALI is associ-
ated with decreased expression and secretion of IL-10 [33].
However, in our study, the IL-10 level rose in lung tissues
after burn injury, and it was further markedly elevated after
hUC-MSC administration. Thus, the protective effect of IL-
10 in lung inflammation response, which had been well
described in previous studies, might partially explain the
mechanism through which hUC-MSCs exerted their thera-
peutic effects on severe burn-induced ALI.

According to the above findings, it can be inferred that
hUC-MSC administration improved ALI by balancing the
homeostasis of the cytokine network. Furthermore, we

would like to know more about how hUC-MSCs did work.
In our previous study, we found that the TSG-6 levels were
significantly elevated in the systemic inflammatory response
in burn rats. TSG-6 expression is induced as a result of an
inflammatory response. Our data showed that severe burn-
induced ALI could upregulate the expression of TSG-6,
which was in agreement with our previous study [11]. The
even higher level of TSG-6 in the burn+hUC-MSC group
might relate to the TSG-6 secreted by hUC-MSCs in
response to inflammatory signals. To test our hypothesis
and investigate the role of TSG-6, TSG-6 knockdown was
achieved via RNA interference by transfection with siRNA
for TSG-6 in our ALI rat model. In the burn+siTSG-6 group,
the level of TSG-6 was significantly decreased. Meanwhile,
pathological changes and inflammatory response were
detected in the burn+siTSG-6 group and burn+vehicle
group. These results showed that the efficacies of hUC-
MSC implantation, including improvement of lung function
and pulmonary metabolism function, structure protection of
lung tissues, reduction of inflammatory cell infiltration, sup-
pression of proinflammatory cytokines, and promotion of
expression of anti-inflammatory, were diminished by TSG-
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Figure 5: Effect of TSG-6 secretion and knockdown on inflammatory cytokines of lung tissues induced by severe burn. The effects of TSG-6
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6 knockdown. Our data inferred that the anti-inflammatory
properties of hUC-MSCs in severe burn-induced ALI are
explained, at least in part, by the activation of hUC-MSCs
to secrete TSG-6. These researches further proved that
TSG-6 is an inflammation-associated secreted protein that
has been implicated as having important and diverse tissue
protective and anti-inflammatory properties [34]. Our
results showed the observed beneficial effects of hUC-
MSCs in animal models of ALI and suggest that the anti-
inflammatory properties of hUC-MSCs in the lung are
explained, at least in part, by the activation of hUC-MSCs
to secrete TSG-6. TNFα-stimulated gene-6 (TSG-6), a
30 kDa protein generated by activated macrophages, modu-
lates inflammation; however, its mechanism of action and
role in the activation of macrophages were not fully under-
stood. From our earlier report [11] and some literatures [35],
we could find that TSG-6 inhibited the association of TLR4
with MyD88, thereby suppressing NF-κB activation. TSG6
also prevented the expression of proinflammatory proteins
(iNOS, IL-6, TNF-α, IL-1β, and CXCL1) while increasing
the expression of anti-inflammatory proteins (CD206, Chi3l3,
IL-4, and IL-10) in macrophages. This shift was associated
with suppressed activation of proinflammatory transcription
factors STAT1 and STAT3. Thus, TSG-6 functions by con-
verting macrophages from a proinflammatory to an anti-
inflammatory phenotype secondary to suppression of TLR4/
NF-κB signaling and STAT1 and STAT3 activation.

It was well known that delivering locally has the advan-
tage of reaching the target organ directly with relatively
small dosage, faster and stronger effectiveness, and slighter
systemic adverse reactions. In a clinical setting, physicians
prefer to use medicine through intratracheal administration
or aerosol inhalation for patients with lung diseases, espe-
cially for severe cases. Thus, we chose the intratracheal
implantation as the route of medication. While increasing
the dose of drugs might increase the efficacy of the treat-
ment, we could not exclude systemic adverse reactions and
more waste of resources caused by larger doses. Taking these
factors into consideration, we selected the optimal dosage of
hUC-MSCs (1 × 106) as suggested in our previous study [36].

In our rat model, full-thickness burn injury was established
via placing the backside and abdomen into hot water, but not
the chest, so ALI is caused by severe burn-induced excessive
inflammation and serious metabolic disturbances rather than
full-thickness escharotic burn at the back and abdomen.

Although the 50% TBSA burn was severe, we managed
to avoid the death of the rat model. In the early period of this
study, we performed consistent treatments as follows: sub-
jects were kept warm and then intraperitoneal injections of
balanced salt solution (40ml/kg) were immediately adminis-
tered to prevent shock. And the burn wound was then
treated with a 1% tincture of iodine and kept dry to prevent
infection.

To the best of our knowledge, this is the first report
about the therapeutic evaluation of hUC-MSCs in severe
burn-induced ALI. TSG-6 secreted from hUC-MSCs played
a key role in severe burn-induced ALI via inhibiting the

inflammatory reaction in lung tissue. It suggests that intra-
tracheal implantation of hUC-MSCs is an effective treatment
for a severe burn-induced ALI rat model. Meanwhile, knock-
down of TSG-6 mRNA expression in hUC-MSCs did not
completely abrogate the anti-inflammatory effects suggest-
ing that some other unknown mechanisms were involved.
It means that additional experiments are required to deter-
mine the relative contribution of these factors to the benefi-
cial effects of hUC-MSCs in lung injury.

Abbreviation

TNF-α: Tumor necrosis factor α
TSG-6: TNF-α stimulated gene/protein 6
hUC-MSC: Human umbilical cord-derived mesenchymal

stem cell
ALI: Acute lung injury
ELISA: Enzyme-linked immunosorbent assay
ARDS: Acute respiratory distress syndrome
MSCM-sf: Mesenchymal stem cell medium serum-free

medium
GFP: Green fluorescent protein
MPO: Myeloperoxidase
CD68: Cluster of differentiation 68
siRNA: Small interference RNA
PMSF: Phenylmethanesulfonyl fluoride
IL: Interleukin.
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