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Protective effect and mechanism of mesenchymal stem
cells on heat stroke induced intestinal injury
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Abstract. Heat stroke (HS) is considered to be a severe
systemic inflammatory reaction disease that is caused by high
fever. The mortality of HS is high worldwide due to the lack
of effective treatments. Presently, mesenchymal stem cells
(MSCs) have been demonstrated to serve roles in inflam-
mation and immune regulation. Therefore, the current study
aimed to investigate the protective effect and mechanism
of MSCs against the HS-induced inflammatory response
and organ dysfunction. A rat model of HS was induced by
a high-temperature environment and treated with MSCs via
tail veins. The levels of molecular markers of organ func-
tion, inflammatory factors and chemokines were examined
at days 1, 7, 14 and 28. Histological staining was performed
on the intestines of rats and control groups, and the Chiu's
scores of the two groups were compared. The results revealed
that MSCs injection significantly reduced the mortality and
inhibited the circulatory inflammatory response. Additionally,
main organ function, such as in the liver and kidney, were
significantly improved following MSCs infusion in HS rats.
Furthermore, MSCs treatment significantly improved edema,
necrosis and villus exfoliation of intestinal mucosa, and
reduced the inflammatory response of intestinal tissue. These
results indicated that MSC infusion had therapeutic effects on
HS of rats by regulating the circulatory and intestinal inflam-
matory response. Moreover, MSCs may be able to protect
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organ function and promote tissue repair in HS. The results of
the current study indicated that MSCs may be used as a poten-
tial method to treat HS and the resulting organ dysfunction.

Introduction

Heat stroke (HS) is a severe and life-threatening disease, charac-
terized by excessive hyperthermia and nervous system symptoms
such as confusion, seizures or loss of consciousness (1). HS can
be divided into two types: Labor HS (caused by high-intensity
physical work) and non-labor HS (caused by a high-temperature
environment) (1). With increased temperature caused by global
warming, the number of reported HS cases has increased within
the last two decades (1). According to its pathophysiological
characteristics, HS is a type of high fever-associated systemic
inflammatory response, which can lead to multiple organ
dysfunction syndrome (MODS) and the appearance of encepha-
lopathy, especially central nervous system injury (2).

The small intestines can prevent bacterial invasion and
participate in the process of water balance and solute transport
within the body (3). In the initiation stage of HS inflammation,
high fever is conducive to endotoxin leakage from the intestinal
mucosa to the systemic circulation (4). Heat stimulation and
high-intensity physical activity can damage intestinal mucosal
cells, resulting in tissue hypoxia, ATP depletion, acidosis
and oxidative stress and intestinal mucosal barrier dysfunc-
tion (4,5). Previous animal and cell studies have demonstrated
that heat stress can induce tissue hyperthermia and decrease
intestinal blood flow, which may subsequently lead to tight
junction disorders and pro-inflammatory cytokine release,
or further induce the systemic inflammatory response (6,7).
Under these circumstances, the inflammatory reaction can
cause vascular endothelial damage, which can aggravate the
damage to the intestinal mucosal barrier (8).

Mesenchymal stem cells (MSCs) serve a number of
roles, including enhancing angiogenesis and neurogenesis
by secreting nutrient factors, regulating the immune system
and exhibiting anti-inflammatory effects (5). MSCs may
exhibit immunomodulatory effects, which are based on the
mechanisms cell contact and paracrine signaling, and involve
the release of soluble inflammatory factors (6). In particular,
MSCs have been indicated to stimulate immune regulatory
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factors, including interleukin (IL)-6, IL-10, prostaglandins,
transforming growth factor-p (TGF-) and nitric oxide (7).
Furthermore, regulatory T cell production can be promoted
and their inhibitory effect increased by MSCs, which can
lead to the inhibition of intestinal inflammation by inhibiting
macrophage production and regulating macrophage pheno-
type via prostaglandin E2 (PGE2) (8). Furthermore, aside
from their potent anti-inflammatory effects, MSCs have been
demonstrated to accelerate tissue repair, mainly through
promoting epithelial formation, granulation tissue formation
and angiogenesis (9). It has been hypothesized that the early
onset of HS is due to intestinal ischemia, which results in
intestinal mucosal barrier function damage and leads to the
induction of the intestinal flora and the systemic inflammatory
response (10). Furthermore, studies have reported that MSCs
improved intestinal mucosal barrier function by repairing tight
junctions and increasing the number of regenerating crypts
and zonula occludens 1 protein (11-13).

Previous studies investigating the use of stem cells for the
treatment of diabetes (14), stroke (15) and brain or spinal cord
injury (16) have made rapid progress. Previous studies have
focused on the beneficial effects of stem cells on HS brain
injury (17,18); however, a small number of studies have focused
on intestinal injury during the initiation of inflammation (19).
The current study aimed to investigate whether MSCs serve
a protective role in intestinal injury and systemic inflamma-
tion that is caused by heat stroke. The present study aimed to
identify effective methods and references that can be used in
the treatment of HS and the improvement of patient prognosis.
In the current study, a rat model of HS was established. The
study group received MSCs injection intravenously following
the successful formation of the model, while the control group
was injected with 0.3 ml normal saline. By observing the
survival rate, biochemical indicators and cytokine expression
levels of the two groups and examining the pathological condi-
tion of intestinal mucosa at different time points, the results
demonstrated whether MSCs serve a protective role in intes-
tinal injury and systemic inflammation caused by heat stroke.

Materials and methods

Animals. A total of 90 mature (age, 8 weeks; weight, 180-220 g)
and 20 immature (age, 4 weeks; weight, 60-80 g) male
Sprague-Dawley rats were provided by the Experimental Animal
Center of Chinese PLA General Hospital. The current research
complied with the statement of relevant ethical standards (the
Animal Research: Reporting of in vivo Experiments reporting
guidelines) (20) and was approved by the Ethics Committee of
the Chinese PLA General Hospital (approval no. 2017-X13-10).
All animals were conducted in accordance with the National
Institutes of Health Guidelines for Animal Care and Use (21).
The animals were kept in cages at room temperature of 22-25°C,
air humidity of 40%, air pressure of 101.325 kPa and 12 h
light/dark cycles. All animals had free access to common rat
feed and water. At the end of the experiment, rats were eutha-
nized by neck dislocation following anesthesia.

Adipose-derived MSCs isolation, culture and identification.
As described previously (22,23), MSCs derived from fat were
isolated and purified from immature rats. A total of 3 rats
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were euthanized by neck dislocation at different time points
(at days 1,7, 14 and 28). Adipose tissues were separated from
the groin and then sliced and digested with 0.05% trypsin and
0.1% collagen I. The digestive solution was filtered and centri-
fuged in 2,000 x g. Cells were washed twice with PBS and
cultured at 37°C in humidified air with 5% CO, in low-glucose
DMEM (Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.),
80 units/ml penicillin and 0.2 mg/ml streptomycin. MSCs were
identified as described previously (22,23). Immunophenotypes
of MSCs were stained at room temperature for 15 min with
Allophycocyanin-conjugated cluster of differentiation (CD) 90
(1:20; cat. no. 561409; BD Biosciences), fluorescein isothio-
cyanate (FITC)-conjugated CD44 (1:20; cat. no. 550974;
BD Biosciences), R-phycoerythrin-conjugated CD54 (1:20;
cat.no.554970; BD Biosciences), FITC-conjugated CD45 (1:20;
cat.no.554877; BD Biosciences), FITC-conjugated CD34 (1:20;
cat. no. 11-0341-82; eBioscience; Thermo Fisher Scientific,
Inc.) and FITC-conjugated CD11b (1:20; cat. no. 554982; BD
Biosciences) and analyzed using a BD Accuri C6 flow cytom-
etry software system (version 1.0.264.21; BD Biosciences).
Additionally, adipocyte differentiation of MSCs was detected
by Oil Red O staining (Sigma-Aldrich; Merck KGaA) at room
temperature for 1 h, and osteoblast differentiation was detected
by Alizarin Red staining (Sigma-Aldrich; Merck KGaA) at
room temperature for 30 min. The cells were observed using
an inverted light microscope (magnification, x40; Olympus
BX53; Olympus Corporation). Freshly harvested early passage
MSCs were used in all subsequent experiments.

HS injury rat model induction and treatment. The HS damage
model was established as described previously (24,25). A total
of 5 mature rats at a time were kept at 40°C and 40% humidity.
The rectal temperature of rats was continuously measured.
When rectal temperatures reached 42°C, the general condi-
tion including hind limb weakness and lethargy of the rats
was observed. All rats were restored to room temperature
and were given a peritoneal injection of 5 ml saline. The HS
injury model rats were divided into control (HS) and study
(HS + MSCs) groups (n=40 per group). After the model was
established successfully, 2x10° MSCs suspended in 0.3 ml of
saline were injected into the HS+MSCs group and 0.3 ml of
saline were injected into the HS group via the tail vein. Rats in
the HS and HS + MSCs groups were further divided into early
(day 1), intermediate (days 7 and 14) and late (day 28) groups
(n=10 per group). Rats in the normal control group (n=10) were
not exposed to the high temperature and injected with 0.3 ml
of saline. All rats were observed for 28 days following HS
injury with or without MSCs infusion to estimate survival rate.

Determination of the effects of infused MSCs on cytokines
and biochemical markers in rats with HS injury. To detect
the level of inflammatory factors [IL-1p, IL-6, IL-10 and
tumor necrosis factor-a. (TNF-a)] and chemokines [eotaxin
and regulated upon activation normal T cell expressed and
secreted (Rantes)], blood (n=5 per group) and intestinal tissues
(n=5 per group) were collected on day 1 (early), days 7 and 14
(intermediate) and day 28 (late) following MSCs infusion and
following the rats being euthanized. The blood samples were
centrifuged at 2,000 x g for 10 min at 4°C and the supernatant
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Figure 1. Modeling of HS in rats. (A) Temperature changes in the rats during the modeling process. (B) Following successful modeling, rats with HS exhibited

hindlimb paralysis. HS, heat stroke.

was harvested. Brain samples were homogenized in a 10-fold
volume of cold PBS. The homogenate was centrifuged
at 12,000 x g for 15 min at 4°C and the supernatant was kept at
-80°C until subsequent measurement. Procarta Plex™ Analyst
software (version 1.0; eBioscience; Thermo Fisher Scientific,
Inc.) was used to determine the concentration of inflamma-
tory factors and chemokines in blood and tissue lysates. For
biochemical determination, blood samples were collected on
day 1 (early), days 7 and 14 (intermediate), and day 28 (late)
following MSCs or saline infusion for every group. Blood
samples were centrifuged at 2,000 x g for 10 min at 4°C and
the supernatant was collected for determination. The ALT
(alanine aminotransferase), AST (aspartate aminotransferase),
ALP (alkaline phosphatase), LDH (lactate dehydrogenase),
CREA (creatinine) and UA (uric acid) were determined using
an automated biochemical analyzer (7170-A; Hitachi, Ltd.).

Histological examinations. Intestinal tissue specimens were
prepared by perfusion fixation with 4% paraformaldehyde
(Wuhan Servicebio Technology Co., Ltd) at room tempera-
ture on days 1, 7, 14 and 28 following MSCs or saline infusion
(n=3 in each group), until the liver turned white, the samples
were collected and eluted three times using PBS. Intestinal
tissues were dissected and immersed in 4% paraformaldehyde
(Wuhan Servicebio Technology Co., Ltd.) for 12 h initially
and then immersed in 30% sucrose solution for 24 h at room
temperature. The tissues were implanted in a cooled embed-
ding medium (optimal cutting temperature solution; Sakura
Finetek USA, Inc.). Following immediate freezing, tissues
were cut using a frozen section machine (Leica Microsystems)
into 7 um thick slices for dyeing. The sections were stained
with hematoxylin and eosin, as in previous studies (26).
Stained sections were visualized and scanned using a
Pannoramic MIDI CaseViewer 2.0 System (3ADHISTECH
Ltd.). According to Chiu er al (27), the degree of injury to the
intestinal tissues was evaluated, with each degree of injury
ranging from O to 5 points.

Statistical analysis. SPSS software (version 23.0; IBM
Corp.) was used to the analyze data. All experiments were
conducted independently in triplicate. Data is expressed as
mean + standard deviation. A Kolmogorov Smirnov test was
used to assess whether the data was normally distributed, and
a Levene test was used to analyze the homogeneity of variance.
ANOVA and Tukey's test was used for continuous variables
subject following data tests of normality and equivariance.
Kaplan-Meier method was used for survival analysis of rats
in each group. Otherwise, nonparametric statistical analysis
(Mann-Whitney U test) was conducted for Chiu's score of
intestinal tissue. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Establishment of the rat heat stroke model. As reported by
previous studies (22,23), modeling was considered to be
complete once the rats exhibited symptoms of heat stress
(including hind limb weakness and lethargy) and when rectal
temperatures reached 42°C. Real time rectal temperature
changes in rats were monitored to identify a raised tempera-
ture of 42°C (Fig. 1A) and 80 rat models of heat stroke were
obtained. The normal state of the rats (body temperature 42°C)
after modeling is presented in Fig. 1B.

Identification of MSCs. MSCs injected into the rats were iden-
tified by flow cytometry and differentiation ability. Following
immunophenotyping, these MSCs were positive for CD90,
CD44 and CD54, and negative for CD11b, CD45 and CD34
(Fig. 2A). Oil Red O and Alizarin Red staining demonstrated
that the cells exhibited adipogenic and osteogenic differentia-
tion (Fig. 2B).

Effects of MSCs on survival rate and organ function. Rats
underwent necessary rescue measures simultaneously in the
study (HS + MSCs) and control (HS) groups. The results
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Figure 2. Characteristics of adipose-derived MSCs. MSCs were identified by their phenotypes and potential for differentiating into adipocytes and osteoblasts.
(A) Following immunophenotyping, these MSCs were positive for CD90, CD44 and CD54, and negative for CD11b, CD45 and CD34. (B) Differentiation of
MSCs into adipocytes and osteoblasts was confirmed by oil red O staining (left image) and Alizarin Red staining (right image), respectively. Scale bar, 100 ym.

MSCs, mesenchymal stem cells; CD, cluster of differentiation.

demonstrated in the study group, the time required for rats to
lower to normal body temperature was shorter (Fig. 3A) and
mortality was significantly reduced (Fig. 3B) compared with
the control group. Survival analysis indicated that the 28-day
survival rate of the study group was significantly higher
compared with the control group (Fig. 3C). At 24 h post-infusion
of MSC:s, the levels of biochemical indicators alanine amino-
transferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), lactate dehydrogenase (LDH), creatinine
(CREA) and uric acid (UA) in each group were detected.
Compared with the control group, the level of all biochemical
indicators in the study group were significantly improved, and
the level of biochemical indicators in the normal group was
lower compared with the other two groups (Fig. 3D-I).

Effects of MSCs on inflammatory factors and chemokines
in blood. The levels on proinflammatory cytokines I1L-1f,
IL-6 and TNF-a were significantly decreased compared
with the control group (Fig. 4A, B and D) and the level of
pro-inflammatory factors in the study group was obviously
lower compared with the control group. TNF-a levels were
significantly decreased in the study group compared with the
control group (Fig. 4D). Furthermore, the level of IL-10 in the

study group was significantly increased in a time-dependent
manner compared with the control group, approaching normal
levels at day 28 (Fig. 4C). The blood level of Rantes in the
study group was lower at day 1 compared with the control
group, then increased gradually. By day 7 the level of Rantes
was significantly higher compared with the control group
(Fig. 4E). Accordingly, the level of eotaxin in the study group
peaked on day 1, then gradually decreased on the day 14, and
increased gradually on day 28 (Fig. 4F). However, the overall
level of eotaxin remained markedly higher compared with the
control group at all subsequent time-points.

Intestinal histology. The pathological changes in the intestines
of rats in each group are presented in Fig. 5. Following the
successful establishment of the control group, numerous
epithelial layers were separated from the lamina propria on
both sides of the small intestinal villi and parts of the top of
the villi were damaged. Additionally, there was an accumu-
lation of inflammatory cells beneath the endothelium in the
control group (Fig. 5A). According to Chiu's scores, intestinal
injury gradually worsened from day 1 to day 7 (Fig. 5B). The
highest score was 4.88+0.12 at day 7 in the control group, after
which pathological injury gradually decreased. At day 28,
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Figure 3. Cooling process, survival analysis and detection of organ markers. (A) Following the establishment of the model, rats were subjected to the tempera-
ture changes of rats were monitored and recorded. (B) Mortality rates were compared between the HS and HS + MSCs groups. (C) Survival analysis was
performed for 28 days. Serum markers reflecting organ functions were measured, including (D) ALT, (E) AST, (F) ALP, (G) LDH, (H) CREA and (I) UA
(n=5) and the results were analyzed. "P<0.05 and “P<0.01 vs. normal group. "P<0.05 and “P<0.01 vs. control group. HS, heat stroke; MSCs, mesenchymal stem
cells; ALT, alanine aminotransferase; AST, glutamic oxalate aminotransferase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; CREA, creatinine;

UA, uric acid.

Chiu's score was 3.26+0.26. The trend of variation of intestinal
pathological scores in the study group were similar compared
with the control group. However, pathological damage in the
study group was significantly improved compared with the
control group.

Effects of MSCs on inflammatory factors and chemokines in
intestinal tissues. The level of IL-1f in the study group was
significantly lower compared with the control group at the early
stage (day 1), but the level of IL-1f in the control group began
to decrease after day 1, and was significantly lower than that
in the study group on day 7, until day 28 (Fig. 6A). The levels
of pro-inflammatory factors, including IL-6 and TNF-a, in the
intestinal tissues of the study group were significantly lower
compared with the control group (Fig. 6B and D). The trend
of variation of IL-1f3 between groups was similar (Fig. 6A);
however, the highest level of IL-1f in the study group was not
similar to that in the control group and reverted to a normal
level earlier than the control group. The difference in IL-6
and TNF-a levels between groups was evident at the early
stage; however, the overall levels of both were lower in the

study group compared with the control group (Fig. 6B and D).
Furthermore, compared with the control group, the levels of
anti-inflammatory factor IL-10 in the study group increased
significantly at the early stage (day 1 and day 7; Fig. 6C).
Chemokines, including Rantes and eotaxin, were detected in
intestinal tissues (Fig. 6E and F). The level of Rantes in the
early stage (day 1) in the study group was significantly higher
compared with the control group, but on the day 7 and 14, the
levels of Rantes in the study group were significantly lower
compared with the control group. Furthermore, while the trend
of variation of eotaxin was similar between groups, eotaxin
levels in the study group was markedly lower compared with
the control group from day 1. The results therefore indicated
that the levels of Rantes and eotaxin in the intestinal tissue
were higher compared with the peripheral blood.

Discussion
At present, it is hypothesized that the intestine is the organ

that initiates the systemic inflammatory response to heat
stroke (10). High heat stimulation and intense exercise can lead
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Figure 4. Inflammatory cytokines and chemokines in blood. The levels of inflammatory cytokines and chemokines in serum were measured on
days 1, 7, 14 and 28 and plotted into a broken-line graph. The proinflammatory cytokines tested included (A) IL-1f, (B) IL-6 and (D) TNF-a (n=5), and the
anti-inflammatory cytokine tested was (C) IL-10 (n=5). The chemokines detected were (E) Rantes (n=5) and (F) eotaxin (n=5). These factors reflected the level
of systemic inflammatory response. ““P<0.01 vs. control group. IL, interleukin; TNF-a, tumor necrosis factor-o; Rantes, regulated upon activation normal T
cell expressed and secreted; HS, heat stroke; MSCs, mesenchymal stem cells; N, normal group.

to intestinal ischemia, intestinal mucosal cells damage and
intestinal mucosal barrier dysfunction (28,29). In addition to
tissue hypoperfusion that is caused by hypotension, coagulation
dysfunction also increases intestinal permeability, especially
in tight junctions within the intestinal mucosal epithelium (28).
Normal intestinal flora promotes digestion and absorption,
protects liver and cardiovascular function (30), and improves
iron metabolism (31). However, the destruction of the intestinal
mucosal barrier causes intestinal flora and endotoxins to enter
into the circulation (4), resulting in a systemic inflammatory
response and MODS.

Hyperthermia can cause a decrease in intestinal blood
flow, damage to intestinal mucosa and loss of tight junction
integrity (10). Lambert e a/ (32) observed that the intestinal
permeability of fluorescein isothiocyanate-glucose increased
in anesthetized rats with core temperatures of 42.5°C, and the
pathological changes of the small intestine were clearer than
those in the colon. A study also demonstrated that transmission

electron microscopy revealed that intestinal epithelial cells
were damaged, microvilli were lost, tight junctions were opened
and mitochondria were swollen and vacuolated (32). Similarly,
the current study demonstrated that following successful
heat stroke modeling, numerous epithelial layers were
separated from the lamina propria on both sides of the small
intestinal villi and part of the tops of the villi were damaged,
accompanied by accumulation of inflammatory cells beneath
the endothelium. The results also revealed that the damage to
intestinal mucosa was the most serious in the heat shock group
at day 7 in the control group, with a Chiu's score of 4.88+0.12.
The disruption of intestinal mucosal barrier function leads to
immense endotoxin entry into the circulation, which increases
the production and release of pro-inflammatory factors,
including IL-6, IL-1p and TNF-q, activates endothelial cells,
stimulates the release of endothelial activating factors and
induces local or systemic inflammation (33). The results of
the current study demonstrated that the levels of IL-1f3, IL-6
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and TNF-a in intestinal tissues of the rats in the control group MSCs have numerous functions, including regulating
increased to varying degrees at day 1 following successful ~immune function and repairing tissue regeneration (6.9).
modeling. MSCs used in the current study were positive for CD90,
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CD44 and CD54, negative for CD11b, CD45 and CD34. Oil
red O and alizarin red staining showed that the cells had
adipogenic and osteogenic differentiation. A previous study
has demonstrated that human umbilical cord blood stem cells
improved the prognosis of heat stroke by reducing circulatory
shock, improving brain injury and regulating inflammatory
response (34). Similarly, a previous study has demonstrated
that the application of human umbilical cord blood stem cells
increased IL-10 levels and reduce TNF-a levels in the serum
of mice with HS (18). Furthermore, a previous study has
demonstrated that by using peripheral circulation measure-
ment, MSCs improved the anti-inflammatory effect in sepsis
to a certain degree, improve function of organs, including the
lungs and kidneys, reduce the protein expression of inflamma-
tory biomarkers and ultimately reduced the mortality of sepsis
rats (35). Additionally, Weil et al (36) revealed that MSCs
treatment prominently reduced the level of endotoxin-induced
left ventricular myocardial inflammation biomarkers. In
the current study, mortality statistics and survival analysis
revealed that MSCs significantly improve the survival rate of
HS rats. HS can cause multiple organ failure (2). The levels of
certain organ markers were examined and the results reported
that the levels of ALT, AST, ALP, LDH, CERA and UA in
MSCs-treated rats decreased significantly, indicating that
MSCs exhibited an effective protective effect on the liver and
kidneys.

As the largest direct barrier between the environment
and the host environment, gastrointestinal mucosa serves
a key role in the regulation of immune system and the
acquisition of tolerance against dietary antigens and the
intestinal microbiota (37). Intestinal mucosal barriers allow
nutrient uptake and immune surveillance, while limiting the
transport of potentially harmful antigens and microorgan-
isms (37). Intestinal integrity and immune homeostasis
can be maintained by the dynamic regulation of intestinal
mucosal structure and molecular interactions (37). The main
pathophysiological mechanism of sepsis and HS is the recruit-
ment of immune cells to produce an overwhelming immune
response (2). Pathogen-associated molecular patterns, such
as lipopolysaccharides, peptidoglycan and bacterial DNA,
as well as damage-related molecular patterns (DAMPs),
including mitochondrial DNA, high-mobility histone Bl
and serum amyloid A, are upregulated by the recruitment of
neutrophils and macrophages (38). As a first line of defense,
cells migrate to intestinal tissue and produce proinflam-
matory cytokines, which are clinically typical of local and
systemic inflammation (39,40). Additionally, apoptosis and
necrosis damage mucosal epithelium and lead to a cycle of
DAMP release, resulting in increased inflammation and an
imbalance of mucosal homeostasis (41). Therefore, normal
intestinal function is crucial, and the destruction of the intes-
tinal mucosal barrier causes bacterial translocation, leading
to serious systemic inflammatory response (37). Histological
staining was performed on the intestinal tissues of rats and
evaluated using Chiu's score. The results revealed that the
condition of intestinal mucosa improved in the early stage
(day 1 following model establishment), which may be related
to the self-repair function of intestinal mucosa; however, the
rapid release of inflammatory factors aggravated mucosal
damage. Furthermore, the intestinal scores of HS rats treated

WANG et al: EFFECT OF MESENCHYMAL STEM CELLS IN HEAT STROKE-INDUCED INTESTINAL INJURY

with MSCs on day 1, 7, 14 and 28 were significantly lower than
that of the control group. Therefore, MSCs was indicated to
significantly improve intestinal mucosal damage and protect
intestinal barrier function.

Inflammatory factors and chemokines in intestinal tissue
and peripheral blood were detected in the study and control
groups. The results of intestinal tissue demonstrated that
the levels of pro-inflammatory factors in the intestine were
elevated due to local inflammation. However, in the early
stages, the levels of pro-inflammatory factors in the study
group were significantly lower compared with the control
group, indicating that MSCs inhibited local inflammation.
Levels of pro-inflammatory factors in peripheral blood were
decreased, which may be associated with the inflammation
of pro-inflammatory factors in tissues. However, levels of
pro-inflammatory factors were decreased following MSCs
treatment compared with the control group, indicating that
MSCs also inhibited systemic inflammation. The level of
anti-inflammatory factors IL-10 in the intestinal tissues
differed from levels in peripheral blood. In intestinal tissues,
IL-10 levels decreased in the control group, compared with the
study group, indicating that MSCs promoted the local release
of anti-inflammatory factors. Furthermore, IL-10 levels in the
peripheral blood of both groups decreased; however, levels in
the study group were significantly higher compared with the
control group, indicating that MSCs promoted the systemic
release of anti-inflammatory factors. This implied that MSCs
may serve an anti-inflammatory role by increasing the level
of anti-inflammatory factors. Additionally, the levels of two
chemokines, Rantes and eotaxin, in intestinal tissue and
peripheral blood were measured, were detected and the results
indicated that their levels in intestinal tissues were signifi-
cantly higher compared with levels in the peripheral blood,
indicating that chemokines may serve a more significant role
in local tissues. In intestinal tissues, the level of eotaxin in the
study group was significantly lower compared with the control
group on the days 1,7 and 14. An increase in eotaxin levels in
the later stage was associated with its main role in the acute
phase of inflammation. The level of Rantes in the study group
decreased, which may be associated with the role of Rantes
in the middle and late stages of inflammation. Therefore, it
may be concluded that MSC treatment significantly reduced
chemokine levels, thereby inhibiting local tissue inflammation.

The current study demonstrated that MSCs have a posi-
tive protective effect on intestinal damage caused by HS.
Combined with the results of previous studies, the present
study hypothesized that MSCs may play a role in intestinal
protection through the following aspects: As macrophages
are key cells in a variety of intestinal inflammatory diseases,
MSCs secrete macrophage-regulating molecules, including
indoleamine 2,3-dioxygenase, TGF-f and PGE2, which
further stimulate macrophages to produce IL-10 by stimulating
the production of PGE2 (42). Toll-like receptors (TLRs) are
activated by intestinal-derived bacterial products and immune
cells when the body is damaged (43). The immunomodulatory
effects of MSCs activate TLRs and regulate the metallothio-
nein 1-matrix metallopeptidase/janus kinase/signal transduced
and activator of transcription 3 signaling pathway induced by
TLR-2/6 targeting neovascularization (44). TLR4 activates
the endotoxin-induced innate immune system and the NF-xB



EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 3041-3050, 2020

pathway, further stimulating the expression of pro-inflam-
matory factors (45). MSCs reduce the level of TLR4, leading
to the reduction of pro-inflammatory factors and alleviating
intestinal inflammatory response (46). A previous study
has demonstrated that MSCs inhibited the proliferation and
activation of cluster of differentiation (CD)4* T cells and the
differentiation of CD4+ T cells into Thl and Th17 cells (47).
These inhibitory effects are associated with the increased
secretion of CD4+CD25 + forkhead box (Fox) p3 + regulatory
T cells (Treg) and IL-10 (47). A previous study on acute kidney
injury reported that MSCs therapy effectively reduced the
expression of IL-17-related chemokines in serum and kidney
tissues, as well as the infiltration of renal neutrophils (48). This
is consistent with the results of the intestinal tissues assessed
in the current study. Furthermore, the previous study demon-
strated that MSCs restored the balance between Th17 cells and
CD4 + CD25 + Foxp3 + Treg cells in intestinal tissues (48).
Therefore, the current study hypothesized that MSCs affected
the differentiation and expression of T cells, thereby regu-
lating local and systemic immune function. Additionally,
previous studies have revealed that MSCs may activate the
Wingless-related integration site/(3-catenin signaling pathway,
which is required for G-protein coupled receptor (LGR) 5*
cell proliferation through secretory factors (12), significantly
stimulate intestinal epithelial cell proliferation, increase the
number of LGRS5* intestinal stem cells and increase intes-
tinal angiogenesis, thus serving a protective role in intestinal
mucosa and promoting injury repair (49).

The current study proposed the use of MSCs for the treatment
of HS and reported that MSCs effectively alleviated the inflam-
matory response of the whole body and local tissue, and protected
the intestinal mucosal barrier. The present study demonstrated
the anti-inflammatory and protective effects of MSCs on organs
and provided new theories and methods for the treatment of HS,
which are required to improve the prognosis of patients with HS.
However, the signaling pathways involved in the regulation of
the inflammatory response and the protection of organ function
via MSCs in HS was not elucidated and subsequent experiments
are required. Additionally, currently, there are also no uniform
criteria for assessing the timing or dose of MSCs treatment and
further studies will need to be conducted to determine these.

In conclusion, the current study demonstrated that MSCs
reduced the levels of pro-inflammatory factors, regulated
immune status and alleviated intestinal injury in rats with
HS. Therefore, MSCs improved the systemic inflammatory
response and tissue damage caused by HS and ultimately
reduced the mortality of rats with HS.
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