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Human umbilical cord mesenchymal stem cells  
alleviate intestinal barrier injury in rats  
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Abstract: Objective: To study the protective effects of human umbilical cord mesenchymal stem cells (ucMSCs) 
on intestinal barrier injury in rats with severe acute pancreatitis (SAP). Methods: Male Sprague-Dawley rats (n = 
45) were randomly assigned to a SHAM group, SAP group and SAP+ucMSCs group (n = 15). The SAP group was 
subject to injection of 5% sodium taurocholate into the pancreatic duct. In the SAP+ucMSCs group, CM-DiI-labeled 
ucMSCs were intravenously injected into the rats with SAP. Twenty-four hours after the surgery, the samples of small 
intestine, blood, pancreas and mesenteric lymph nodes were collected for histological, bacteriological, serum and 
molecular analyses. Results: usMSCs located in the injured region of the small intestine, and lowered the 24-h mor-
tality rate of the SAP rats. usMSC transplantation also significantly lowered the levels of the inflammatory factors 
tumor necrosis factor-α and interleukin-1β and of the pathological score of the small intestine. Importantly, usMSC 
transplantation increased the expression of intestinal keratinocyte growth factor and improved the intestinal barrier 
function, as evidenced by the decrease in D-lactate, endotoxins and bacterial translocation and the increase in tight 
junction proteins zona occludens 1 and occludin expression. Conclusion: Human ucMSCs reduced intestinal barrier 
injury in rats with SAP, which may be developed as a therapeutic strategy for SAP. 

Keywords: Human umbilical cord mesenchymal stem cells, severe acute pancreatitis, intestinal barrier injury, tight 
junction proteins

Introduction

Severe acute pancreatitis (SAP) is a sudden 
inflammation of the pancreas, which has severe 
complications and a high mortality rate [1, 2]. 
Being a natural barrier, the intestines can block 
intestinal bacteria and viruses, and are fre-
quently destroyed during SAP. Once the intesti-
nal barrier function (IBF) is interrupted, intesti-
nal bacteria and endotoxin will migrate to the 
mesenteric lymph nodes (MLN) and/or distant 
organs, resulting in systemic inflammatory res- 
ponse syndrome and multiple organ dysfunc-
tion syndromes. This is the main reason that 
SAP patients have high mortality [3]. Currently, 
antibiotic application, early intra-intestinal nu- 

trition and probiotic application are generally 
used to protect against the intestinal injury in 
SAP patients. However, their efficacy remains 
unsatisfactory. Therefore, there is an urgent 
need to develop effective strategies to prevent 
intestinal barrier injury caused by SAP. 

Mesenchymal stem cells (MSCs) are adult mul-
tipotent stromal cells that can differentiate into 
specific cell types. Most importantly, increased 
evidences have shown that MSCs secrete cyto-
kines that have immunomodulatory effects. 
Numerous studies have to date demonstrated 
the therapeutic potential of these cells in gas-
tro-intestinal (GI) tract diseases. For example, 
bone marrow-derived MSCs have been applied 
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in radiation intestinal injury, ischemia/reperfu-
sion injury, Crohn’s disease and ulcerative coli-
tis, showing that MSCs have satisfactory pro-
tective effects [4-7]. However, bone marrow-
derived MSCs have known disadvantages, 
including invasive sample collection, limited 
donor supply and reduced proliferation/differ-
entiation capacity in aging donors [8, 9], which 
limit their clinical application. In contrast, hu- 
man umbilical cord mesenchymal stem cells 
(ucMSCs) are considered an attractive alterna-
tive for clinical applications due to their ready 
collection, high proliferation and low immuno-
genicity. However, the therapeutic effects of 
ucMSCs on intestinal injury remain unclear.

Based on the above considerations, we system-
atically investigated the protective effects of 
ucMSCs on IBF in rats with SAP, which might 
provide an experimental basis for their clinical 
application.

Materials and methods

Experimental animals and reagents 

Healthy adult male Sprague-Dawley (SD) rats 
weighing 250-300 g (n = 45) were obtained 
from Chengdu Dasuo Experimental Animal Co., 
Ltd. (Chengdu, China). Human ucMSCs (5th 
generation, lot number B06160356) were ob- 
tained from Chengdu Kangjing Biotechnology 
Co., Ltd. (Chengdu, China). Sodium taurocho-
late was purchased from Sigma (St. Louis, MO, 
USA). CM-DiI was purchased from Thermo 
Fisher Scientific Inc. (Waltham, MA, USA). ELISA 
kits for tumor necrosis factor-α (TNF-α), inter- 
leukin-1β (IL-1β), keratinocyte growth factor 
(KGF), D-lactate and endotoxins were purcha- 
sed from Shanghai Meilian Biotechnology Co., 
Ltd. (Shanghai, China). Luria-Bertani (LB) agar 
was purchased from Shanghai Haoran Biotech- 
nology Co., Ltd. (Shanghai, China). Rabbit anti-
mouse tight junction protein 1 (ZO-1) antibody, 
occludin antibody and goat anti-rabbit fluores-
cent antibodies were purchased from Abcam 
(Cambridge, UK).

Preparation of CM-DiI-labeled ucMSCs

A cell suspension (1 × 106 cells/ml) was pre-
pared with serum-free medium, and CM-DiI 
labeling solution was added at 5 μl/ml of medi-
um. The cells were suspended and incubated 
at 37°C for 20 min. After centrifugation at 

139.875 × g for 5 min, the supernatant was 
removed and cells were washed twice with 
phosphate-buffered saline (PBS). 

Transplantation of CM-DiI-labeled ucMSCs

SD rats, deprived of food for 12 h but given 
access to water ad libitum, were randomly 
assigned to three groups: SHAM group (n =  
15), SAP group (n = 15) and SAP+ucMSCs 
group (n = 15). Following intraperitoneal anes-
thesia with 4% chloral hydrate at 1.0 ml/100 g, 
the SHAM group rats received a laparotomy, 
and the pancreas was turned several times, fol-
lowed by wound closure, and a tail intravenous 
(i.v.) injection of 1 ml of 0.9% saline was per-
formed. The SAP group experiments followed 
the Aho protocol [10]. A micro-infusion pump 
was used for the injection of 5% sodium tauro-
cholate (0.1 ml/100 g) into the pancreatic duct 
at 12 ml/h. The pressure was maintained for 
10 min before abdominal closure. For the 
SAP+ucMSCs group, the SAP model was first 
created, and then a tail i.v. injection of CM-DiI-
labeled ucMSCs (1 × 107 cells/kg) was per-
formed. All of the procedures were performed 
under sterile conditions following the surgery 
guidelines. The rats were fasted after surgery, 
but were allowed free access to water. 

Sample collection

All of the rats were subject to anesthesia 24 h 
after the surgery, followed by open abdominal 
surgery for blood sample collection. Blood sam-
ples were centrifuged and the serum was 
stored at -80°C until further use. MLN and pan-
creatic tissues were collected under asptic con-
ditions, then they were homogenized in sterile 
saline (10 ml/g) for further use. The terminal 
ileum (approximately 5 cm) was collected and 
divided into three parts. One part was subject-
ed to Tissue-Tek OCT Compound and stored at 
-80°C until further use, one was fixed in 4% 
paraformaldehyde (PFM) for at least 24 h for 
further use, and one was stored at -80°C until 
further use.

ucMSC colonization in the small intestine

Frozen small-intestine tissues from the SAP+ 
ucMSCs group that were subject to OCT embed-
ding solution were sectioned into slices (10 mm 
thick). The colonization of the ucMSCs in the 
small intestines was observed under a fluores-
cent microscope.
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Pathology

The small-intestine samples that were fixed in 
4% PFM were dehydrated according to a rou-
tine procedure, followed by paraffin embed-
ding, sectioning and H&E staining. The sealed 
sections were observed under a light micro-
scope. One pathologist blindly examined the 
sections and scored them according to the  
Chiu guidelines [11]. The mean score across  
10 fields was used as the final score.  

Detection of tight junction proteins by 
Immunofluorescence 

Frozen sections were dried at room tempera-
ture for an hour and rinsed with PBS (3 × 10 
min). Citrate antigen retrieval solution was 
applied for 30 min, followed by PBS rinsing (3 × 
10 min) and blocking with 10% goat serum. 
Blocking buffer was removed and ZO-1 or occlu-

Intestinal tissue samples were lysed in buffer 
(50 mmol/l Tris-HCl, pH 8.0, 100 μg/ml phenyl-
methylsulfonyl fluoride, 1% Triton X-100, 150 
mmol/l NaCl) for 30 min on ice. Then, 50 μg of 
protein samples were boiled for 5 min in sam-
ple buffer, separated by 10% or 8% sodium 
dodecyl sulfate-polyacrylamide gel electropho-
resis and transferred onto nitrocellulose mem-
branes. Nonspecific reactivity was blocked by 
5% non-fat dry milk in TBST (10 mmol/l Tris-
HCl, pH 7.5, 150 mmol/l NaCl, 0.05% Tween 
20) for 1 h at room temperature. The mem-
branes were then incubated with rabbit anti-rat 
polyclonal ZO-1 and occludin antibodies (1:500) 
at 4°C overnight. The membranes were washed 
three times in TBST and then incubated with 
the required secondary antibody HRP-conjuga- 
ted goat anti-rabbit IgG (1:2000) for 30 min. 
The protein expression was detected by chemi-
luminescence system.

Determination of TNF-α, IL-1β, KGF and 
D-lactate

An automatic ELISA machine was used and the 
procedures followed the enzyme linked immu-
nosorbent assay (ELISA) kit instructions.

Endotoxin determination

Serum samples (100 μl) were mixed well with 
TAL solution (100 μl), followed by incubation at 
37°C for 10 min. Development solution (100 μl) 
was added and mixed, followed by incubation 
at 37°C for 10 min. Finally, nitride solution (500 
μl) was added and mixed. The samples were 
allowed to settle for 5 min and a spectrometer 
was used for detection.

Figure 1. Distribution of ucMSCs in the small intestine. Before giving an injec-
tion, CM-DiI-labeled ucMSCs were observed under a fluorescence microscope 
(A). After giving an injection for 24 h, Small intestine frozen section of CM-DiI-
labeled ucMSCs observed under a fluorescence microscope (B). 

Figure 2. Twenty-four-hour mortality rate of the three 
rat groups The mortality rates at 24 h in the SHAM, 
SAP and SAP+ucMSCs groups were 0/15 (0%), 8/15 
(53.3%) and 3/15 (20%), respectively (*P < 0.05 vs. 
SHAM group, #P < 0.05 vs. SAP group).

din antibodies were added. 
The sections were incubat-
ed at 4°C for 24 h, followed 
by horseradish peroxidase 
(HRP)-conjugated second-
ary antibody incubation at 
37°C for 2 h, PBS rinsing 
and 4’,6-diamidino-2-phe- 
nylindole(DAPI) staining for 
5 min. Fluorescence-quen- 
ching reagent was added, 
and the sections were 
observed under a fluores-
cent microscope and imag-
es were obtained.

Western blotting
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Bacterial migration

The homogenate samples of MLN and pancre-
as (1 ml) were well distributed on LB agar 
plates. LB agar plates were incubated in the 
aerobic chamber at 37°C for 24 h. Finally, bac-
terial colony counts were counted. The bacteri-
al translocation rate (BTR) was alculated as fol-
lows: BTR = the number of bacterial positive 
sample/total number of samples [12].

Statistical analysis

Statistical software SPSS 13.0 was used. Data 
are expressed as mean ± standard deviation (

_
x  

± s) and were compared using a one-way analy-
sis of variance (ANOVA) with Dunnett’s multiple 
comparison tests. Data with an asymmetrical 
distribution are presented as median values 
and the range, and Kruskal-Wallis H tests fol-
lowed by Mann-Whitney U tests with Bonferroni 
corrections were performed. P < 0.05 was con-
sidered statistically significant. 

Results

ucMSCs colonization in the small intestine

CM-DiI was used to label ucMSCs and an 
inverted phase contrast microscope was used 
to observe cell morphology and labeling. The 

0.05, Figure 2), indicating that ucMSC trans-
plantation could lower the mortality rate of SAP 
rats. 

ucMSCs decreased the pathological score of 
the small intestine

The pathological analysis showed that the 
SHAM group had normal ileum mucosa with an 
intact and continuous villi structure, and mes-
enchymal tissues did not reveal edema or 
inflammatory infiltration. In the SAP group, villi 
defects/reduced numbers, edema and inflam-
matory infiltration were observed in the intesti-
nal tissues. However, these parameters were 
significantly improved in the SAP+ucMSCs gro- 
up compared with the SAP group (Figure 3A). 
Additionally, the pathology score of the SAP+ 
ucMSCs group were significantly lower com-
pared with that of the SAP group (Figure 3B).

ucMSCs decreased the levels of TNF-α and 
IL-1β and increased the KGF content in the 
intestinal mucosa

As shown in Table 1, the SAP group had signifi-
cantly higher levels of TNF-α and IL-1β com-
pared with the SHAM group (P < 0.05). Interes- 
tingly, compared with the SAP group, the SAP+ 
ucMSCs group had significantly lower levels of 
TNF-α and IL-1β (P < 0.05), indicating that 

Figure 3. Pathology of 
the small intestine. A. 
H&E staining; B. Patholo-
gy scores. Scale bar, 100 
μm. *P < 0.05 vs. SHAM 
group, #P < 0.05 vs. SAP 
group.

CM-DiI-labeled ucMSCs 
were red with high fluores-
cence intensities; however, 
the nuclear region did not 
show any fluorescence 
(Figure 1A). CM-DiI-labeled 
ucMSCs were intravenously 
administrated to rats with 
SAP, and after 24 h, inject-
ed cells were observed to 
be distributed in the small 
intestine (Figure 1B). 

ucMSCs decreased the 
mortality rate of SAP rats 

The mortality rates at 24  
h in the SHAM, SAP and 
SAP+ucMSCs groups were 
0/15 (0%), 8/15 (53.3%) 
and 3/15 (20%), respec-
tively. There was a signifi-
cantly lower mortality rate 
in the SAP+ucMSCs group 
than in the SAP group (P < 
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ucMSC transplantation decreased the inflam-
matory response to SAP. 

As shown in Table 1, the SAP group had a sig-
nificantly higher level of KGF compared with the 
SHAM group (P < 0.05). Furthermore, the SAP+ 
ucMSCs group had a significantly higher level 
of KGF compared with the SAP group (P < 0.05), 
indicating that ucMSC transplantation upregu-
lated KGF expression of intestinal tissue in rats 
with SAP.

ucMSCs decreased the levels of D-lactate, en-
dotoxins and bacterial migration

The serum D-lactate and endotoxin levels in 
the rat pancreatitis model 24 h after its cre-
ation were significantly higher compared with 
those in the control group (Figure 4A and 4B). 
Twenty-four hours after ucMSC transplanta-
tion, the serum D-lactate and endotoxin levels 
were significantly lower compared with those in 
the SAP group.

Immunofluorescent staining was used to ob- 
serve the distribution of ZO-1 and occludin in 
the intestinal tissue. We found that in the SHAM 
group, the ileum end of the intestine had a high 
level of the junction protein, occludin, which 
was ubiquitously distributed (Figure 5A). In con-
trast, in the SAP group, the level of occludin pro-
tein was low and the distribution was non-ubiq-
uitous. In some regions, the protein was absent. 
In the SAP+ucMSCs group, the distribution of 
occludin was ubiquitous with strong signals, 
and there was a greater increase when com-
pared to that in the SAP group (Figure 5A).

Western blotting was further used to examine 
the expression of ZO-1 and occludin at the end 
of the ileum. Compared with the SHAM group, 
the SAP and SAP+ucMSCs groups had signifi-
cantly lower expression of ZO-1 and occludin 
(Figure 5B, P < 0.05). Injection of ucMSCs in- 
creased the expression of ZO-1 and occludin 
compared with the SAP group (P < 0.05, Figure 
5B).

Discussion

Currently, there is no ideal treatment strategy 
for SAP-related intestinal barrier dysfunction. In 
this study, we systematically evaluated the 
effect of ucMSCs on intestinal injury in rats 
with SAP. ucMSCs significantly reduced intesti-
nal injury and the levels of inflammatory fac-
tors. Importantly, we found that ucMSCs could 
reduce the permeability of the intestinal muco-

Table 1. TNF-α, IL-1β and KGF levels in the small intestine deter-
mined by ELISA

TNF-α (pg/g) IL-1β (pg/g) KGF (pg/g)
SHAM 63.25±14.61 57.38±12.37 89.71±13.06
SAP 350.27±19.47* 248.72±36.19* 143.63±23.71*

SAP+ucMSCs 225.71±23.19*,# 160.53±25.83*,# 175.92±34.19*,#

*P < 0.05 vs. SHAM group; #P < 0.05 vs. SAP group.

Figure 4. ucMSCs decreased the levels of D-lactate and endotoxins. A. D-lactate 
levels in the peripheral blood. B. Endotoxin levels in the peripheral blood. *P < 
0.05 vs. SHAM group, #P < 0.05 vs. SAP group.

Table 2. Bacterial translocation of MLN and 
pancreas

Groups n
MLN Pancreas BTR 

(%)n % n %
SHAM 15 0 0 0 0 0
SAP 7 5 71.4 4 57.1 64.3*

SAP+ucMSCs 12 5 41.7 3 25.0 33.3*,#

*P < 0.05 vs. SHAM group; #P < 0.05 vs. SAP group. BTR: 
bacterial translocation rate.

To further evaluate the role 
of ucMSC transplantation 
on bacterial migration, we 
measured the bacterial 
translocation by culturing 
the homogenate of MLN 
and pancreatic tissues. As 
shown in Table 2, no colo-
nies were observed in any 
sample of the MLN and 
pancreatic tissues in the 
sham group. In contrast, in 
the SAP group, the BTR was 
64.3%. Twenty-four hours 
after ucMSCs transplanta-
tion, the BTR decreased to 
33.3%. 

ucMSCs upregulated the 
expression of ZO-1 and 
occludin
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sa and enhanced the IBF. These results have 
important significance for advancing the clini-
cal application of ucMSCs. 

Bone marrow-derived MSCs have been widely 
used in various GI tract diseases, including 
radiation intestinal injury, ischemia/reperfu-
sion injury, Crohn’s disease and ulcerative coli-

red fluorescence 24 h later, confirming the 
intestinal colonization of ucMSCs, which is con-
sistent with previous reports.

D-lactate and endotoxins are early indicators of 
intestinal barrier dysfunction, which are pro-
duced by intestinal bacteria and are unable to 
pass the intestinal mucosa under normal physi-

Figure 5. ucMSCs could upregulate the expression of ZO-1 and occludin. (A) 
Immunofluorescence of ZO-1 and occludin in intestinal epithelium. In the 
SAP+ucMSCs group, the distribution of occludin was ubiquitous with strong 
signals, and there was a greater increase when compared to that in the SAP 
group. (B) Western blotting (B1) showing the expression of ZO-1 and occludin in 
the different groups; (B2) the normalized expression of ZO-1 and occludin (*P < 
0.05 vs. SHAM group, and #P < 0.05 vs. SAP group). 

tis. These studies have 
shown that MSCs have pro-
tective effects. However, 
the limited donor supply 
restricts the further clinical 
application of bone mar-
row-derived MSCs. In the 
present study, we selected 
human ucMSCs, which ha- 
ve a wide range of sources, 
are easy to obtain and do 
not have ethical restric-
tions, as seed cells to eval-
uate their effects on intesti-
nal injury in SAP rats. The 
results showed that uc- 
MSCs significantly reduced 
the secretion of intestinal 
tissue injury and inflamma-
tory factors, decreased the 
levels of D-lactate and en- 
dotoxin and the bacterial 
migration, and upregulated 
the expression of the tight 
junction proteins ZO-1 and 
occludin. These results 
showed that ucMSCs allevi-
ated intestinal injury in SAP 
and protected the IBF.

To repair damaged tissues, 
ucMSCs need to reach the 
sites of tissue injury. Jiang 
H et al. [13] have created 
an ischemia-reperfusion in- 
jury model and found that 
MSCs were able to colonize 
in the damaged intestine. 
Consistent with this, Yaba- 
na et al. [14] have estab-
lished a colitis model and 
found that MSCs were able 
to colonize in the damaged 
intestine. In the present 
study, we applied CM-DiI-
labeled ucMSCs to SAP 
rats and detected cells with 
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ological conditions. During intestinal barrier 
dysfunction, large amounts of D-lactate, endo-
toxins and intestinal bacteria will enter the 
blood via the intestinal mucosa and cause a 
‘second attack’, resulting in a secondary pan-
creatic infection and a cascade of inflammatory 
responses [3, 15]. In the present study, we 
showed that ucMSCs effectively decreased  
the levels of D-lactate and endotoxins as well 
as the bacterial migration. Increased permea-
bility of intestinal mucosa is attributed to the 
increased D-lactate, endotoxins and bacterial 
translocation. The integrity of the tight junc-
tions among intestinal epithelial cells has direct 
effects on intestinal mucosal permeability. 
Tight junctions are located at the apical end of 
the cells, consisting of the transmembrane pro-
teins, occludin, claudins and junctional adhe-
sion molecule (JAM), and cytoplasmic proteins, 
including ZO-1, ZO-2, ZO-3 and cingulin. During 
SAP, many factors contribute to the malfunc-
tion of intestinal epithelial tight junctions and 
decrease protein expression, which causes 
increased epithelial permeability and further 
intestinal barrier dysfunction (IBD). Among 
these proteins, ZO-1 and occludin have been 
extensively studied due to their apparent func-
tion. Therefore, we determined the expression 
of ZO-1 and occludin and found this to be 
upregulated by ucMSCs, which alleviated the 
intestinal damage in the SAP rats. In addition, 
our results were also in agreement with the 
findings of Zhang et al. [16] and Yabana et al. 
[14]. Zhang et al. used a rat model of hetero-
topic intestinal transplantation and confirmed 
that MSCs increased the expression of ZO-1 
and occludin. Yabana et al. used a colitis model 
and found that MSCs increased the expression 
of ZO-1 and claudin-2, -7, -8, -12, -13 and -15.

Several studies have reported that TNF-α and 
IL-1β play important roles in SAP-related IBD via 
various direct/indirect pathways, disrupting the 
normal barrier functions [17, 18]. Many studies 
have confirmed that TNF-α and IL-1β lower the 
expression of ZO-1 and occluding [19-21]. Our 
experimental results also showed that ucMSCs 
significantly decreased the levels of intestinal 
TNF-α and IL-1β in the SAP rats. 

KGF, a paracrine factor produced by the diges-
tive tract, has been shown to promote the pro-
liferation and differentiation of the epithelial 
cells in intestinal mucosa, thus promoting the 
repair of intestinal injury [22, 23]. MSCs can 

also secrete KGF [24, 25]. In our study, we 
found that the expression of intestinal KGF was 
significantly higher in the ucMSCs+SAP group 
than in the SAP group. Whether the increased 
level of KGF comes from intestinal cells/or 
ucMSCs needs further investigation. 

In summary, we demonstrated that ucMSCs 
could protect rats against intestinal mucosal 
barrier dysfunction during SAP. The specific 
mechanism may be attributed to the immuno-
suppressive regulation of ucMSCs. Further stu- 
dies are required to determine the exact mech-
anism underlying the therapeutic efficacy of 
stem cells.
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