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Abstract

AIM: To investigate the role and potential mechanisms
of bone marrow mesenchymal stem cells (MSCs) in se-
vere acute peritonitis (SAP).

METHODS: Pancreatic acinar cells from Sprague Daw-
ley rats were randomly divided into three groups: non-
sodium deoxycholate (SDOC) group (non-SODC group),
SDOC group, and a MSCs intervention group (i.e., a
co-culture system of MSCs and pancreatic acinar cells
+ SDOC). The cell survival rate, the concentration of
malonaldehyde (MDA), the density of superoxide dis-
mutase (SOD), serum amylase (AMS) secretion rate
and lactate dehydrogenase (LDH) leakage rate were
detected at various time points. In a separate study,
Sprague Dawley rats were randomly divided into either
an SAP group or an SAP + MSCs group. Serum AMS,
MDA and SOD, interleukin (IL)-6, IL-10, and tumor
necrosis factor (TNF)-a. levels, intestinal mucosa injury
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scores and proliferating cells of small intestinal mucosa
were measured at various time points after injecting
either MSCs or saline into rats. In both studies, the pro-
tective effect of MSCs was evaluated.

RESULTS: In vitro, The cell survival rate of pancreatic
acinar cells and the density of SOD were significantly
reduced, and the concentration of MDA, AMS secretion
rate and LDH leakage rate were significantly increased
in the SDOC group compared with the MSCs interven-
tion group and the Non-SDOC group at each time point.
In vivo, Serum AMS, IL-6, TNF-o. and MAD level in the
SAP + MSCs group were lower than the SAP group;
however serum IL-10 level was higher than the SAP
group. Serum SOD level was higher than the SAP group
at each time point, whereas a significant between-
group difference in SOD level was only noted after 24 h.
Intestinal mucosa injury scores was significantly re-
duced and the proliferating cells of small intestinal mu-
cosa became obvious after injecting MSCs.

CONCLUSION: MSCs can effectively relieve injury to
pancreatic acinar cells and small intestinal epithelium,
promote the proliferation of enteric epithelium and re-
pair of the mucosa, attenuate systemic inflammation in
rats with SAP.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Acute pancreatitis (AP) is characterized by a rapid onset
and disease progression, with high fatality. Severe acute
pancreatitis (SAP) is extremely challenging to treat and
the mortality rate is approximately 20%-40%". Several
studies currently suggest that the pathogenesis of AP in-
volves complicated cascade reactions that start from the
activation of pancreatin in pancreatic acinar cells. Pan-
creatin causes injury to the acinar cells and induces both
local and systemic inflammation'”. Inflammatory factors
such as C-reactive protein, tumor necrosis factor (INF),
interleukin (IL)-1, IL-6, IL-8, nitric oxide (NO) and endo-
thelin (among others) are thought to be involved in both
the genesis and progression of AP and play a critical role
in the progression from slight acute pancreatitis to severe
acute pancreatirjsm. Intestinal barricade function is sig-
nificantly injured in SAP permitting bacteria to invade the
enteric cavity and allowing endotoxin to enter the circula-
tory system thereby inducing a systemic inflammatory
factor cascade reaction that aggravates the condition'”.
Mesenchymal stem cells (MSCs) are multipotent stem
cells. One previous study demonstrated that MSCs had
strong immunoregulatory effects and multidirectional
differentiation potency™. Other recent studies found that
MSCs also played a special role in inhibiting inflamma-
tory reactions and promoting tissue repajrm. For example,
Hagiwara ez a/” found that rats with renal injury caused
by ischemia-reperfusion induced a significant reduction
in renal cell apoptosis after the injection of thymidine
kinase-expressing MSCs (TK-MSCs). In addition, nitric
oxide synthase (NOS) and NO levels were significantly
reduced, which significantly inhibited: the infiltration
of neutrophils and mononuclear macrophages; reduced
the activity of peroxidase; delayed the production of
peroxide, phosphorylation of p38 extracellular signal
regulated kinase, the expression of TNF-q, and mono-
cyte chemoattractant protein-1 cell adhesion. TIK-MSCs
also inhibited H2Oo-induced cell apoptosis and increased
Akt phosphorylation and cell activity in the petiphery of
the renal tubular cells. Tégel e al” administered MSCs to
mice with acute renal failure for 24 h. The proinflamma-
tory cytokines IL-13, TNF-q, IFN-y and NOS were all
significantly reduced, whereas the anti-inflammatory fac-
tors IL-10, B fibroblast growth factor, TGF-a and B cell
lymphoma-2 appeared highly expressed. In a pulmonary
injured animal model, Iyer ez al” found that MSCs attenu-
ated a self-inflammatory reaction and enhanced the anti-
inflammatory reaction by regulating the proliferation, dif-
ferentiation, and delomorphous nature of immunocytes.
MSCs have also been demonstrated to have thera-
peutic effects in inflammatory diseases. For example,
Imberti ¢ al'” injected MSCs in a cisplatin-induced acute
renal injury model in mice and found that the MSCs en-
hanced mitosis. In addition, the production of insulin-
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like growth-factor-1 promoted the repair of renal tubules.
In the treatment of chronic ischemic cardiomyopathy,
MSCs were injected into ligate ramus descendens anterior
arteril coronariae sinistrae. They were also injected into
acute myocardial infarction regions. MSCs in both cases
enhanced the contractile force of the cardiac muscle
cells, regulated the contents and composition of collagen
fibers in the tissue, and prevented the reconstruction of
cardiac ventricles, thereby protecting the basic structure
of cardiac muscle!"". After intravenous injection of MSCs
in experimental rats with spinal injury, MSCs assembled
and survived in the host injury spinal cord and promoted
the neural repair and recovery of nerve function'”. In yet
another study, rats with a radioactive intestinal injury were
injected with labeled MSCs and the intestinal chorioepi-
thelium regeneration occurred in the injured intestinal
mucosa for 3 d and the radial related regions (e.g, kidney,
spleen, stomach) also had MSCs™. Finally, after injecting
MSCs into rats with an intestinal injury (ischemia/repet-
fusion), the permeability of the intestine was reduced
and the injury to the intestinal villi was attenuated'".
Together, these data indicate that MSCs can reduce the
expression of various inflammatory factors and promote
the repair of various tissues and organ injury.

Because the treatment of AP with stem cells has not
been studied to date, and based on the ability of MSCs to
inhibit inflammatory reactions and promote tissue repait,
the purpose of this study was to explore the role, and the
possible mechanisms, of MSCs in rats with SAP.

MATERIALS AND METHODS

Animals

Healthy Sprague Dawley rats weighing 200-300 g were
provided by Shanghai SLLK experimental animal Compa-
ny [Batch No. SCXK (Shanghai) 2007-0005, China]. The
study was approval by the Institutional Animal Care and
Use Committee Fujian Medical University. The care and
handling of all animals were in accordance with guide-
lines for animal ethics.

Drugs, reagents and instruments

The following reagents were used in the experiments:
sodium deoxycholate (SDOC), 3-(4,5-dimethylthiazol-
2-yl)-2-,5-diphenyltetrazolium bromide (MTT; Sigma),
fetal bovine serum (Purpleflower holly leaf, Hangzhou),
Dulbecco’s modified Eagle’s medium (DMEM; Thermo
Fisher, United States), ethylenediaminetetraaceticacid
(EDTA)-trypsin (Amersco Co., United States), 4,6-diami-
dino-2-phenylindole (DAPI; Roche, Switzerland), malo-
naldehyde (MDA), superoxide dismutase (SOD), amylase
(AMS) secretion rate and lactate dehydrogenase (LDH)
kits (Nanjing Jianchen Scientific Co. Ltd), transwell
double layer culture dish (Corning Costar, United States),
IL-10 enzyme-linked immunosorbent assay (ELISA) kit
for rats, I1.-10 ELISA for rats, and TNF-q ELISA kit for
rats (all ELISAs from Wuhan Youer Bio-scientific Co.,
Ltd), and antibody against proliferating cell nuclear anti-
gen (Shanghai Zhuokang Bio-scientific Co., Ltd).
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Culture, identification, and labeling of mesenchymal
stem cells

Male rats weighting about 200 g were humanely sacrificed
by cervical dislocation. The bone marrow was aseptically
collected and subsequently cultured using whole marrow
differential adherence methods. MSCs were obtained
by multiple digestions and passages. The cellular identifi-
cation of the expression of MSCs surface markers (i.e.,
CD29, CD34, CD45 and CD90) were detected using
flow cytometry. The cells were labeled with DAPI and
observed under fluorescence microscope. Third genera-
tion MSCs was acquired for subsequent experimentation.

Cell experiments

Pancreatic acinar cells from the rats were separated us-
ing the collagenase method"”. The cells were seeded in
Hanks buffer solution containing 10% fetal calf serum
at a density of 1 X 10° cells/ml.. The putity of the pan-
creatic acinar cells was > 80% and the survival rate was
> 90%). Cells were seeded in 35 mm X 35 mm culture
dishes and incubated at 37 ‘C and 55% CO: for 2 h. Cell
morphology was examined using phase contrast micros-
copy. The cultured acinar cells were seeded in the under-
layer of transwell double-deck culture dishes.

Pancreatic acinar cells were randomly divided into
three groups: non-sodium deoxycholate group (non-
SODC group), SDOC group, and a MSCs intervention
group. In the SDOC group, the pancreatic acinar cells
were seeded in the bottom of the transwell double-layer
culture dishes and had a final concentration of 50 umol/L
SDOC. In the Non-SDOC group, the pancreatic acinar
cells were seeded in the bottom of the transwell double-
layer culture dishes and were not cultured with SDOC.
In MSCs intervention group, the insert of the transwell
plates was inserted into the poles and the third generation
MSCs were seeded at a density of 1 x 10° cell/mlL.. The
culture medium in the insert and the six-pole plate were
fused, thereby establishing the co-culture system of MSCs
and acinar cells. The co-culture medium was LG-DMEM
with SDOC at a final concentration of 50 pmol/T.. Sub-
sequently, the cells in each group wete incubated for 0.5 h,
1 h, 4 h and 10 h. Alterations in cell morphology were
examined and cell survival was quantitatively detected by
the MTT assay. The cell survival rate was expressed by the
percentage in each group using the following equation:
100% X absorbance at 490 in each group/absorbance at
490 in the fresh separated pancreatic acinar culture me-
dium.

The supernatants were also collected and the concen-
tration of MDA was determined using the thiobarbituric
acid method. The density of culture serum SOD was
also determined using the xanthine oxidase method. The
AMS secretion rate and LDH leakage rate of acinar cells
were measured by enzyme kinetics methods. The AMS
secretion rate was cell supernatant AMS/cell total AMS
%X 100% and the LDH leakage rate was cell supernatant
LDH/cell total LDH X 100%.
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Animal experiment

Thirty-six male rats were randomly divided into either
the SAP group or the SAP + MSCs group. The SAP
model was established by injecting deoxy-STC under the
pancreatic capsulem. Specifically, following a peritoneal
injection of 2.5% thiopental sodium, the pancreas of
each rat was sufficiently exposed after entering into the
abdomen »zz 2 median abdominal incision. Next, 1 mlL
of 3.8% STC was slowly injected into the inferior aspect
of capsule using a No. 4 needle from the tail of pancreas,
which made the entire pancreas swell. The pancreas was
replaced 2 min later and the abdominal cavity was su-
tured closed routinely. In the SAP + MSCs group, 2 mL
of the MSCs cell suspension (containing approximately
1 x 10° cells/ml. determined »z DAPI fluorescence im-
munity labeling) were injected into the caudal vein. In the
SAP group, 2 mL of normal saline was injected. Six mice
were randomly collected from both groups 6 h, 24 h and
72 h postinjection. Blood was collected from the apex
of the heart and 5 cm of the small intestine (the section
from the terminal ileum and extending distally) was ob-
tained. Serum AMS was detected and the concentrations
of serum IL-6, IL-10 and TNF-o were determined using
ELISAs. Serum MDA concentration was determined us-
ing the thiobarbituric acid method, and the concentration
of serum SOD was measured »iz the xanthine oxidase
method.

The small intestinal tissue was flash frozen, and the
number of DAPI positive cells was measured under fluo-
rescence microscopy. Conventional hematoxylin and eo-
sin staining was performed on sections of small intestine
and injury to the intestinal mucosa was assessed in six
different, randomly selected, high-power fields (original
magnification X 400). According to the injury scoring
criteria of Chiu’s intestinal tissue!”, injury to intestinal
mucosa, infiltration of inflammatory cells, and degree of
hemorrhage and hyperemia were scored. The proliferat-
ing cell nuclear antigen Ki-67 immunohistochemistry
staining was performed to note any proliferation of intes-
tinal mucosa cells. Again, six different high-power fields
(% 400) were randomly selected and the number positive
cells were counted.

Statistical analysis

All data were expressed by mean + SD. The mono-factor
variance analysis was applied for comparisons between
groups. A P < 0.05 was considered statistically significant,
and all analyses were performed using SPSS 13.0.

RESULTS

General morphology of mesenchymal stem cells and the
expression of surface markers

Third generation of MSCs were examined under an in-
verted microscope. The cells assumed a fusiform and
swirling colony (Figure 1). As shown in Figure 2, the
positive rate of CD29 was 98.6% and the positive rate
of CD90 was 99.6%. In contrast, CD34 and CD45 were
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Figure 1 Third generation mesenchymal stem cells were spindle-shaped
and formed spiral-like colonies (original magnification x 100).

negative (0.56% and 0.89%, respectively), demonstrating
that the purity of the MSCs was > 95%.

Morphology of pancreatic acinar cells
After the pancreatic acinar cells were cultured for 2 h,
no adherence was noted under the inverted microscope.
Instead, the cells assumed a cluster formation and assem-
bled with lumping, The boundary of the cells was clear
and the refraction was strong, High density particles con-
taining proenzymes could be seen in the cells (Figure 3).
The cell survival rate of fresh separated pancreatic
acinar cell was comparatively high and that in each group
was reduced. This reduction was most evident in the
SDOC group. The cell survival rate at each time point in
the MSCs intervention group was significantly increased
compared with the SDOC group (Table 1).

Amylase secretion and lactate dehydrogenase leakage
rates

The AMS secretion rate and LDH leakage rate of pan-
creatic acinar cell in the SDOC group at each time point
was significantly higher than the other two groups. The
AMS secretion rate and LDH leakage rate in the MSCs
intervention group at each time point was significantly

reduced compared with the SDOC group (Table 2).

Oxidative stress

MDA and SOD were measured in the supernatants col-
lected from each group (Table 3). In SDOC group, SOD
activity significantly reduced and this difference was sig-
nificant compared with the non-SDOC group (P < 0.05).
With the extension of SDOC reaction time, the SOD ac-
tivity in the cell culture supernatants was further reduced,
which was also significantly lower than the non-SDOC
group at the same time points (P < 0.05). However, MDA
content in cell culture supernatants was significantly high-
er in the SDOC group than the non- SDOC group at the
corresponding time points (P < 0.05). The SOD activity
in the MSCs intervention group at each time point was
significantly increased compared with the SDOC group,
whereas MDA content was significantly lower than the

SDOC group (P < 0.05).
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Figure 2 The expression of mesenchymal stem cells surface markers
detected by flow cytometry. The proportion of CD29+ (A) cells was 98.6%,
the proportion of CD90+ (B) cells was 99.6%, the proportion of CD45+ (C) cells
was 0.89% and CD34+ (D) cells was 0.56%. B: The boundary of the cells.
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Figure 3 Separated pancreatic acinar cells (original magnification x 100).

Permanent planting of mesenchymal stem cells in small
intestine
Blue fluorescing cells (DAPI positive cells) were obser-

ved in sections of small intestinal tissue of rats that were
flash frozen in the rats included in the SAP + MSCs

group (Figure 4).

Effect of mesenchymal stem cells transplantation on
serum amylase levels and oxidative stress

Serum AMS levels of rats in the SAP group at each time
point was significantly enhanced compared with those
measured in the SAP + MSCs group (P < 0.05, Table 4).
Serum MDA and SOD levels have been summarized in
Table 5. Serum MDA levels tended to initially increase,
but were then reduced following the injection of MSCs.
Serum MDA levels at each time point in the SAP +
MSCs group were significantly lower than in the SAP
group (P < 0.05). Serum SOD levels in the SAP + MSCs
group was higher than in the SAP group, whereas a sig-
nificant between-group difference in SOD level was only
noted after 24 h (P < 0.01).

Regulation of mesenchymal stem cells transplantation
on inflammatory factors

Serum IL-6, IL-10 and TNF-a levels in the two groups
have been summarized in Table 5. Serum 1L-10 and
TNF-o after MSCs transplantation tended to increase
then decrease. IL-6 was persistently elevated and was ob-
vious in the SAP + MSCs group. After MSCs transplan-
tation, serum IL.-6 and TNF-q levels were significantly
lower than in the SAP group (P < 0.05), Further, serum
IL-10 was significantly higher in the SAP + MSCs group
than the SAP group (P < 0.05). After 72 h, each cytokine
was not significantly different between the two groups.

Assessment and scoring of intestinal tissues at different

time points after mesenchymal stem cells transplantation
Using a conventional light microscope, the intestinal
mucosa was clearly damaged in the SAP group. Specifi-
cally, the lamina propria was destroyed, the blood capil-
lary network was exposed, there was bulk infiltration
of neutrophils, local regions of hemorrhage, there was
a depopulation of intestinal villi, and the glands of the
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lamina propria showed a variable degree of destruction.
In contrast, these changes were rarely noted in the SAP
+ MSCs group. The main changes noted were neutrophil
infiltration of the proper layer and engorgement of the
capillaries. The Chiu intestinal tissue damage score in the
SAP + MSCs group was significantly lower than that in
the SAP group after 6 h (36.33 = 5.72, P = 0.045), 24 h
(46.33 £ 2.80, P < 0.05), and 72 h (26.67 £ 3.08, P < 0.05)
as described in Table 6.

Cell proliferation in the small intestinal mucosa at dif-
ferent time points following mesenchymal stem cells
transplantation

Cellular regeneration in the small intestinal mucosa in the
SAP + MSCs group was more obvious than that in the
SAP group, which was in accordance with conventional
pathology (Figure 5). For 6 h after transplantation, nei-
ther of the two groups had any evidence of proliferation.
Then the cell proliferation of small intestinal mucosa in
the SAP + MSCs group became significant different than
the SAP group (P < 0.05) as shown in Table 6 and Figure 6.

DISCUSSION

The goal of this study was to explore the role of bone
marrow MSCs in a model of SAP to provide a new, prac-
tical basis for the intervention of this often fatal disease.
The results of this study are supported by a recently
published study on the inhibition of inflammation and
reduction of acute pancreatitis in rats by human bone
marrow-derived clonal mesenchymal stem cells", Other
studies have also demonstrated that SAP induces func-
tional disturbances of the intestinal barrier, resulting in
the displacement of bacteria in enteric cavity. Endotoxin
subsequently enters the blood and induces a systemic
inflammatory factors cascade reaction that aggravates the
pathogenic condition. In this course, impairment of free
radicals is thought to be one of the most important links
between endotoxin and inflammatory reaction. Specifi-
cally, oxygen-derived free radicals can induce lipid per-
oxidation of biological membranes, change the activity
of proteins and enzymes, and directly assault DNA and

injure the mitochondria, ez., thereby elevating oxidative
[19.20]

stress levels in cells

Previous studies have also demonstrated that MSCs
reduce oxygen-derived free radical levels in the body iz
multiple pathways and maintain the stability of mem-
branes. Exogenous MSCs protected vascular endothelial
cells to avoid the damage of oxidative stress”, and re-
lieve the oxidative damage of neuroblastoma™. In one
study™, Kallikrein-modified MSCs were transplanted
into the renal tissues of rats with ischemic/reperfusion
injury. Those MSCs inhibited the infiltration of neutro-
phils and mononuclear macrophages, reduced the activity
of myeloperoxidases, diminished the formation of su-
peroxides, and relieved H202-induced apoptosis. Another
study reported that MSCs reduced amylase and lipase
levels in the serum of rats with injury to the pancreas and
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Table 1 Measurement of cell survival rate by the 3-(4,5-dimethylthiazol-2-yl)-2-,5-diphenyltetrazolium bromide assay of pancreatic

acinar cells at various time points (mean + SD)

Group 0.5h 1h 4 h 10 h
Non-SODC group 93.83% £ 3.13% 89.00% + 2.83% 81.83% £ 3.06% 75.00% + 6.54%
SODC group 87.83% + 6.59%" 77.50% +9.35%" 65.83% +8.23%" 39.17% +8.26%"

MSCs intervention group 90.00% + 3.41% 82.17% +7.47% 75.17% +5.85%" 51.83% + 6.79%"

P < 0.05 vs the non-sodium deoxycholate (SDOC) group,P < 0.05 vs the SDOC group. MSCs: Mesenchymal stem cells.

Table 2 Changes in amylase secretion rate and lactate dehydrogenase leakage rate of pancreatic acinar cells at various time points

(mean + SD)

Index Group 0.5h 1h 4h 10 h
AMS Non-SDOC group 7.47 £0.67 8.97 £ 0.69 20.32 £2.00 24.28 £2.47
SDOC group 11.75 +2.40° 17.23 +2.43° 40.88 +3.61° 60.38 + 4.01°
MSCs intervention group 10.18 +1.53 14.48 +1.74° 29.33 £2.16° 40.33 +4.27°
LDH Non-SDOC group 3.00 £ 0.63 3.47 £0.59 13.17 £2.86 23.40 £2.55
SDOC group 7.65+£1.75° 12.00 +3.17° 39.02 +£2.38" 53.70 + 6.73"
MSCs intervention group 5.35+1.01° 8.33 +3.08° 27.67 +3.39° 38.33 +3.20°

P < 0.05 vs the non-sodium deoxycholate (SDOC) group; ‘P < 0.05 vs the SDOC group. MSCs: Mesenchymal stem cells; AMS:Amylase; LDH: Lactate dehy-
drogenase.

Table 3 Comparison of superoxide dismutase and malonaldehyde levels in pancreatic acinar cell culture supernatants at various time

points (mean + SD)

Index Group 0.5h 1h 4h 10 h
Superoxide dismutase (U/mL) Non-SDOC group 194.83 +26.48 185.83 +37.79 170.00 + 25.42 165.00 + 31.72
SDOC group 116.17 + 28.85° 108.00 + 41.52° 102.00 + 33.45° 90.67 + 33.55"
MSCs intervention group 125.50 £ 39.20 138.50 £ 42.03 147.67 +37.25° 139.00 + 46.22°
Malonaldehyde (umol/L) Non-SDOC group 3.50 +5.84 417 +0.75 433+1.27 4.67 +1.21
SDOC group 4.40+1.33 6.33 +1.63" 7.33+1.21° 8.00 +1.10°
MSCs intervention group 3.97 £0.89 5.00 £1.41 5.33 +1.63° 5.83 +£2.04°

P < 0.05 vs the non-sodium deoxycholate (SDOC) group; ‘P < 0.05 vs the SDOC group.

Table 4 Comparisons of serum amylase levels (U/L) in rats
that were or were not treated with mesenchymal stem cells

following establishment of an severe acute pancreatitis model
(n = 36, mean + SD)

Group Post-MSCs or saline injection (h)

[ 24 72
SAP 3753.83 £791.65 5344.67 + 649.63 7762.50 + 977.30
SAP + MSCs 2671.33 + 547.57" 4235.83 + 554.57° 5615.17 + 809.30°

‘P < 0.05, "P < 0.01 vs the severe acute pancreatitis (SAP) group. MSCs:
Mesenchymal stem cells.

Figure 4 Transplanted mesenchymal stem cells were stained with 4,6-di-
amidino-2-phenylindole in advance, flash-frozen then observed under
fluorescence microscope. The blue fluorescent 4,6-diamidino-2-phenylindole-
positive cells (mesenchymal stem cells) were noted in the small intestinal tissue.

parallel; therefore, detecting MDA is thought to represent
lipid peroxidation. In addition, SOD is a critical free radi-
cal scavenger in mammals and its concentration reflects
the ability of the body to scavenge oxygen-derived free
radicals”*". In this study, serum MDA of rats in the SAP

repaired the necrotic pancreatic tissue. MSCs might also + MSCs group was reduced while SOD level was height-

inhibit inflammation and involve in the reaction by pro-
ducing some soluble materials™?.
The production of MDA and lipid peroxidation are
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2275

en, indicating that MSCs transplantation could reduce the
oxidative stress level of SAP rats, relieve lipid peroxida-
tion, protect the stability of the membranes, improve the
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Table 5 Comparison of serum malonaldehyde, superoxide dismutase levels, interleukin-6, interleukin-10 and tumor necrosis fac-

tor-o. measured at various time points after injecting either mesenchymal stem cells or saline into rats after establishing an severe

acute pancreatitis model (7 = 36, mean + SD)

Index Group Post-mesenchymal stem cells or saline injection (h)
[ 24 72
Malonaldehyde (nmol/mL) Severe acute pancreatitis group 4.89+0.97 520+1.21 443 +0.42
Severe acute pancreatitis + mesenchymal stem cells group 3.68 +0.38" 3.89 +0.59" 3.36 +0.98"
Superoxide dismutase (U/mL) Severe acute pancreatitis group 43.16 +6.94 48.13 £3.93 4583 +4.72
Severe acute pancreatitis + mesenchymal stem cells group 48.05+3.83 61.29£7.81° 50.75 +7.59
Interleukin-6 (pg/mL) Severe acute pancreatitis group 107.70 +13.08 128.52 +8.52 134.06 +13.12
Severe acute pancreatitis + mesenchymal stem cells group 90.16 + 9.55° 107.33£12.13° 14324 +12.11
Interleukin-10 (pg/mL) Severe acute pancreatitis group 31.08 + 6.64 45.02 +4.28 40.11 +8.39
Severe acute pancreatitis + mesenchymal stem cells group 40.84 +7.05" 52.08 +5.79" 41.76 +3.37
TNF-a (pg/mL) Severe acute pancreatitis group 106.15 +9.01 132.62 + 8.64 12242 +13.44
Severe acute pancreatitis + mesenchymal stem cells group 91.47 £10.00°  119.47+10.83°  110.91+9.92

°P < 0.05, P < 0.01 vs the severe acute pancreatitis group. TNF-o: Tumor necrosis factor-a.

Table 6 Comparison of intestinal mucosa injury scores (each slice/score) and proliferating cells of small intestinal mucosa (each

slice/number) determined at various time points after injecting either mesenchymal stem cells or saline after establishment of an

severe acute pancreatitis model (7 = 36, mean + SD)

Group Post-MSCs or saline injection (h)
6 24 72
Intestinal mucosa proliferating cells Intestinal mucosa proliferating cells Intestinal mucosa proliferating cells
injury scores number injury scores number injury scores number
SAP group 43.33 +4.84 39.50 +5.09 52.83 £5.27 59.67 + 6.80 3217 £4.17 81.50 + 7.89
SAP + MSCs group 36.33 +£5.72° 40.83 £5.12 46.33 +£2.80" 68.00 + 3.22° 26.67 +3.08" 101.00 + 11.58°

°P < 0.05, °P < 0.01 vs the severe acute pancreatitis (SAP) group. MSCs: Mesenchymal stem cells.

scavenging ability of oxygen-derived free radicals, relieve
oxygen-derived free radical-induced multiple injury, and
protect SAP-induced intestinal tissue damage.

After functional damage of the intestinal barrier, the
displacement of endotoxin has multiple pathologic and
physiologic consequences. For instance, endotoxin induc-
es pyrogenic reactions, activates the complement system,
affects mononuclear macrophages and endothelial cells,
induces the genesis of endogenous mediators including
TNE, IL, oxygen-free radicals, interferons, ete” result-
ing in the aggravation of pathogenic conditions or even
death. The displacement of endotoxin impairs intestinal
epithelial cells and increases intestinal permeabﬂitym].
MSCs also inhibit multiple immunocytes, such as T lym-
phocyteslzsj, secrete inhibitory mediators of inflammation
such as 1L.-4 and I1.-10, parasecrete 11-10, HGE, VEGE,
reduce apoptosis signalsmj, and relieve endotoxin-induced
inflammatory reactions™. In the current study, media-
tors of inflammation, including serum IL-6 and TNF-o
of rats in the SAP + MSCs group was higher than the
SAP group, whereas 1L-10 levels (an anti-inflammatory
mediator) were lower in the SAP + MSCs group than
the SAP group. This result is similar to several previ-
ous studies™" indicating that MSCs might have a role
in immunosuppression by reducing the expression of
inflammatory factors and promoting the expression of
anti-inflammatory mediators. The study reported herein
also found that the Chiu intestinal tissue injury scores at
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6 h, 24 h and 72 h after transplantation were significantly
lower in the SAP + MSCs group than the SAP group,
and cellular regeneration in the small intestinal mucosa
in the SAP + MSCs group was more evident than in the
SAP group. Therefore, MSCs appear to relieve the degree
of injury to the small intestinal epithelium, promote the
repair of enteric epithelium of rats, and maintain the in-
tegrity of the barrier of the intestinal mucosa.

Pancreatic acinar cells are the functional unit for the
external secretion of the pancreas, which accounts for
80% of pancreatic tissue. SAP is caused by a functional
disorder and impairment of pancreatic acinar cells™.
During the process of SAP, inflammatory mediators, me-
tabolic products of arachidonic acid, and oxygen-derived
free radicals might reduce the antioxidative ability of pan-
creatic cells™” | enhance vascular permeability, and cause
tissue thrombosis and hemorrhage, thereby inducing
necrosis of the pancreasmj. Thus, maintaining the func-
tion of pancreatic cells has a critical significance in reliev-
ing the severity of SAP. In this study, MDA levels in the
MSC:s intervention group were lower than in the SDOC
group; however, SOD levels in the MSCs intervention
group were higher than the SDOC group indicating that
MSCs could impact the oxidative stress level of pancreat-
ic acinar cells of injury rats inducted by SDOC, abrogate
lipid peroxidation, protect the stability of membranes,
improve the scavenging ability of free radicals, relieve free
radical-induced injury to protect pancreatic acinar cells.
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Figure 5 Description of the intestinal pathologic manifestations 6 h after mesenchymal stem cells transplantation. A: Extensive injury of the intestinal mucosa
was obvious in the severe acute pancreatitis (SAP) group; B: The dissection of the upper cortex of the intestinal mucosa was noted in the SAP + marrow mesenchy-
mal stem cells (MSCs) group; C, D: Injury to the intestinal mucosa in the SAP (C) and SAP + MSCs groups (D) 24 h after MSCs transplantation were more severe
than at 6 h; E, F: Repair of the intestinal mucosa was seen in the SAP (E) and SAP + MSCs groups (F) (HE staining, original magnification x 200).

Figure 6 The immunohistochemical staining of proliferating cell nuclear antigen Ki-067 after mesenchymal stem cells transplantation at 6 h (A, B), 24 h (C,

D) and 72 h (E, F). Cell proliferation (brown cells) was obvious. The number of stained (brown) cells in the severe acute pancreatitis (SAP) + mesenchymal stem cells
group (B, D, F) were significantly higher than the SAP group. Cell numbers gradually increased with time (original magnification x 400).

In conclusion, this study found that MSCs could re- attenuate inflammation and injury in the small intestinal
lieve injury to pancreatic acinar cells in rats with SAP, epithelium, promote the proliferation of enteric epithe-
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lium and repair of the mucosa, and maintain the integrity
of the intestinal barrier function. Potential mechanisms
might involve regulating the oxidative stress levels of rats
with SAP, inhibiting the extensive release of mediators
of inflammation and cytokines, promoting the secretion
of mediators of inflammation, and scavenging oxygen-
derived free radicals. The specific mechanisms remain
worthy of further study.

COMMENTS

Background

Acute pancreatitis (AP) is characterized by a rapid onset and disease progres-
sion with high fatality. Severe acute pancreatitis (SAP) is extremely challenging
to treat. Several studies currently suggest that the pathogenesis of AP involves
complicated cascade reactions of inflammation. Mesenchymal stem cells
(MSCs) are multipotent stem cells which had strong immunoregulatory effects
and multidirectional differentiation potency. Recent studies found that MSCs
also played a special role in inhibiting inflammatory reactions and promoting
tissue repair in various inflammation-based diseases such as kidney disease in
ischemia/reperfusion injury, collagen-induced arthritis, and acute renal failure.
However, very few studies to date have investigated the potential role of cell
therapy for pancreatitis.

Research frontiers

Inflammation plays an important role in the pathology of AP. Tumor necrosis
factor (TNF)-o and interleukin (IL)-6 as proinflammatory cytokines are produced
mainly during AP. The research hotspot is to explore whether MSCs could re-
duce the level of inflammatory factors and promote the repair of various tissues
and organ injury in AP.

Innovations and breakthroughs

Recent reports have indicated that MSCs can reduce the expression of various
inflammatory factors and promote the repair of tissues and organ injury. In the
present study the authors found that MSCs can also effectively relieve injury to
pancreatic acinar cells and small intestinal epithelium, promote the proliferation
of enteric epithelium and repair of the mucosa, attenuate systemic inflammation
in rats with SAP.

Applications

The study results suggest that MSCs have a special role in inhibiting inflamma-
tory reactions and promoting tissue repair in rats with SAP that might be devel-
oped as a cell therapy for pancreatitis.

Terminology

Severe acute pancreatitis (SAP): SAP is a serous gastrointestinal disorder
which caused by a functional disorder and impairment of pancreatic acinar
cells. The disease is characterized by a rapid onset and disease progression
which has a high fatality. Mesenchymal stem cells (MSCs): MSCs are multipo-
tent stem cells which derived form bone marrow. They have strong immuno-
regulatory effects and multidirectional differentiation potency.

Peer review

The authous detected the cell survival rate, the concentration of malonaldehyde
(MDA), the density of superoxide dismutase (SOD), serum amylase (AMS)
secretion rate and lactate dehydrogenase leakage rate in pancreatic acinar
cell experiments, and measured serum AMS, MDA and SOD, IL-6, IL-10, and
TNF-a levels, intestinal mucosa injury scores and proliferating cells of small
intestinal mucosa at various time points in animal experiments. The results are
interesting and suggest that MSCs could relieve injury to pancreatic acinar cells
in rats with SAP, attenuate inflammation and injury in the small intestinal epithe-
lium, promote the proliferation of enteric epithelium and repair of the mucosa. It
is believable that MSCs infusion might be a promising treatment method for AP
or SAP.
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