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Role of bone marrow mesenchymal stem cells
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Abstract: Objectives: Mesenchymal stem cells (MSCs) have shown an obvious protective effect on systemic inflam-
mation. The purpose of this study is to assess the effect and possible mechanism of bone marrow MSCs (bmMSCs)
on acute pancreatitis (AP). Methods: BmMSCs of SD rats were isolated and cultured in vitro. L-Arginine-induced
acute pancreatitis was used as AP model in vivo. Pancreatic injury was assessed by serum amylase, lipase, cyto-
kines and pancreatic histology. RT-PCR was applied to investigate mRNA expression of pancreas tissue. Western-
blot and immunohistochemistry (IHC) were applied to test the role of NF-kB p65 signaling pathway. Tracking and
Positioning of CM-Dil labeled bmMSCs in vivo was further studied. Results: Treatment with bmMSCs attenuated
acute pancreatic injury and AP-associated lung injury obviously, with decreased serum IL-1f, IL-6, TNF-¢, down-
regulated expressions of IL-1a, IL-6, TNFa in pancreas tissue and reduced nuclear translocation of NF-kB p65 in
AP. Localization of bmMSCs in vivo was due to being passively trapped in related organs, but not actively homing
to inflammatory sites of pancreas during the early phase of AP. Conclusions: Taken together, the results showed
that bmMSCs played a protective role in AP in many aspects, which might protect against experimental pancreatitis
partly by regulating release of inflammatory cytokines by an exocrine secretion.
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Introduction a rat model of MAP & SAP through tail vein

injection of MSCs. It was found that infused

Acute pancreatitis (AP) is a common inflamma-
tory disease, most of which presents with mild
acute pancreatitis (MAP), a self-limited system-
ic inflammation, but 10-15% occur in patients
with severe acute pancreatitis (SAP), multiple
organ failure, pancreatic necrosis with infec-
tion, with a mortality rate up to 30-47% [1, 2].
The current ideal drug for the treatment of SAP
is still in need and standardized treatment of
consensus is only confined to fluid therapy,
nutritional support, treatment of necrosis and
infection, endoscopic procedures of biliary
stones [3, 4]. The role of mesenchymal stem
cells (MSCs) in inflammatory injury and regen-
eration becomes the hot spot in recent years
[5]. In 2011, Jung et al, [6] firstly confirmed that
MSCs could reduce pancreatic inflammation in

MSCs reduced acinar cells degeneration, pan-
creatic edema and inflammatory cell infiltration
in each model of AP and suppressed the mixed
lymphocyte reaction and increased expression
of Foxp3 (+) (@ marker of regulatory T cells) in
cultured rat lymph node cells in vivo and in vitro.
It was also found that greater numbers of
infused MSCs were detected in pancreas of
rats with MAP & SAP than of control rats. In
recent three years, many subsequent studies
confirmed that MSCs were able to ameliorate
pancreatic injury and systemic inflammation in
AP [7]. In 2013 Yang further confirmed the effi-
cacy of MSCs in treating SAP was time and
dose-dependent [8]. In 2012 Tu et al. [9] found
that MSCs could effectively relieve injury to
pancreatic acinar cells and small intestinal epi-
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thelium, promote the proliferation of enteric
epithelium and repair of the mucosa, attenuate
systemic inflammation in rats with SAP. Other
studies reported that MSCs could relieve pan-
creatitis-associated lung injury [10, 11], pan-
creatitis-associated kidney damage [12, 13]. In
brief, MSCs’ potential therapeutic role in AP
has attracted great attention. It will be possible
to suggest new therapeutic targets after the
molecular mechanisms of MSCs in the treat-
ment of AP were further elucidated. In this
study SAP induced by L-arginine (L-arg) in rats
by intraperitoneal injection was used to study
the efficacy of MSCs in treatment of AP.

Materials and methods
Ethics statement

The Animal Care and Use Committee of The
Tenth People’s Hospital of Shanghai, Tongji
University, approved all the animal related pro-
cedures. Permit number: 2011-RES1. This stu-
dy was approved by Science and Technology
Commission of Shanghai Municipality (ID: SY-
XK 2007-0006).

Animal and materials

Female Sprague-Dawley rats (SD rats) were
purchased from Shanghai SLAC Laboratory
Animal Co., Ltd. (Shanghai, China). Animals
were maintained under 12 h light-dark cycles at
22°C, provided water ad libitum, fed standard
laboratory chow and allowed to acclimatize for
a minimum of one week. The environment was
maintained at a relative humidity of 30%-70%.
L-arginine (L-arg), eosin and hematoxylin, 3-iso-
butyl-1-methylxanthine (IBMX), antifade rea-
gent with DAPI, CM-Dil red fluorescent cell link-
er kit and antibody against B-actin were pur-
chased from Sigma Chemical (USA). Antibodies
against NF-kB p65 from Abcam (USA). Anti-
bodies against CD29, CD90, CD45 from BD
pharmingen (USA). Insulin-transferrin-selenious
acid Premix ITS Premix from BD Biosciences
(USA). TGF-B1 and TGF-B3 from R & D systems
(USA). Antibody against CD34 from Santa Cruz
(USA). Cell Counting Kit-8 9 (CCK-8) from
Dojindo (Japan). Unless stated otherwise, all
other chemicals were purchased from Sigma.

Collection and culture of bmMSCs
Bone marrow mesenchymal stem cells

(bmMSCs) of SD rats were isolated and cul-
tured in vitro, then identified and confirmed by
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induced adipogenic, chondrogenic, osteogenic
differentiation and flowcytometry [6].

Induction of experimental design

In order to explore the impact of bmMSCs on
acute pancreatic injury, L-arg-induced severe
acute pancreatitis (SAP) was used as AP model
[14]. Fifty-four SD rats (180-200 g) in AP model
were randomly divided into three groups: Group
1: Control group (intraperitoneal injection of
normal saline, 18), Group 2: Vehicle + AP (intra-
peritoneal injection of L-arg, 18) and Group 3:
bmMSCs + AP (AP treated with bmMSCs
through tail vein, 18) and fasted overnight with
continued access to water. SAP in rats was
induced by intraperitoneal injection of L-arg
(20%, 2.5 g/kg) twice with an interval of 1 h
and at the same time with subcutaneous injec-
tions of 7 ml normal saline in each rat [14, 15].
To obtain the optimal dose of bmMSCs for pre-
venting AP, a preliminary study was performed
in L-arg-induced SAP model. Treatment with 1 x
10° bmMSCs through tail vein injection was
performed 3 h after the onset of AP induction.
Rats of SAP were sacrificed on days 1, 2 and 3
after the completion of L-arg injection. The pan-
creas, lung, heart, kidney and liver were rapidly
removed from each rat, a portion fixed in 4%
paraformaldehyde buffered with phosphate-
buffered saline (PBS) overnight at 4°C and
embedded in paraffin wax or frozen immediate-
ly at -80°C. The remaining portion was quickly
ground into liquid nitrogen and frozen at -80°C
until further use. Blood samples were main-
tained at room temperature for 2 h before cen-
trifugation (3000x g) at 4°C for 15 min and
serum stored at -80°C.

Histological examination

Pancreas and lung tissue was fixed in 4% phos-
phate-buffered formaldehyde within 24 h,
dehydrated via a graduated ethanol series and
embedded in paraffin blocks. Pancreas and
lung sections (5 pm) were dewaxed in xylene,
hydrated through an upgraded ethanol series
and stained with hematoxylin & eosin. Three
pathologists who were blind of the original
specimens studied histological evaluation
under light microscope.

Determination of serum amylase & lipase and
inflammatory cytokines

Serum activities of amylase and lipase were
measured via enzyme dynamics chemistry
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using commercial kits (Roche, Mannheim,
Germany), according to the manufacturer’s pro-
tocols. A commercial enzyme-linked immuno-
sorbent assay (ELISA) kit (Multiscience Biotech,
China) was used for measuring the levels of SD
rats’ serum interleukin-1p (IL-1p), interleukin-6
(IL-6) and tumor necrosis factor-a (TNF-x).

Quantitative real-time PCR

Total RNA of pancreatic tissue was extracted
with Trizol reagent (Invitrogen, CA, USA) follow-
ing the manufacturer’s instructions and sub-
jected to reverse transcription using the
PrimeScript RT reagent Kit (TaKaRa, Otsu,
Japan). Quantitative real-time PCR (qRT-PCR)
was performed in triplicate for each gene of
interest using the ABI Prism 7900 HT Sequence
Detection System (Applied Biosystems, Carl-
sbad, CA, USA) due to the SYBR Premix EX
Tagmanual (TaKaRa). GAPDH was applied as a
separate endogenous control to which the gene
of interest was normalized and fold change for
gene expression levels calculated using the
comparative Ct (244°Y) method. Primer sequenc-
es for the biomarkers were designed with soft-
ware, detailed as follows: rat IL-1B (forward,
CTTCAAATCTCACAGCAGCATG; reverse, GCTGTC-
TAATGGGAACATCACA), rat IL-6 (forward, TCCG-
TTTCTACCTGGAGTTTGT, reverse, GTTGGATGG-
TCTTGGTCCTTAG); rat TNF-o (forward CATGGAT-
CTCAAAGACAACCAA; reverse, CTCCTGGTATGA-
AATGGCAAAT) and rat GAPDH (forward, CGTA-
TCGGACGCCTGGTTA; reverse, ACTGTGCCGTTG-
AACTTGC).

Western blot analysis

For western blot, pancreatic tissues were
retrieved from storage and rapidly ground in lig-
uid nitrogen. Proteins of pancreatic tissues
were reconstituted in ice-cold RIPA buffer con-
taining phenylmethanesulfonyl fluoride (PMSF,
1 mM) and a cocktail of protease inhibitors
(1:200 dilution; Sigma-Aldrich) and homoge-
nates of pancreatic tissues centrifuged at 4°C
for 15 min at ~ 12,000 g. Concentrations of
proteins were determined using the BCA meth-
od (Pierce, Rockford, LA, USA). An 80 ug aliquot
of protein or equal proportion of concentrated
supernatant was subjected to sodium dode-
cyl sulfate/polyacrylamide gel electrophoresis
(SDS-PAGE Bio-Rad, Hercules, CA, USA) and
transferred to nitrocellulose/PVDF membrane
following the standard method. Non-specific
binding to the membrane was blocked with 5%
(w/v) dry non-fat milk in Tris-buffered saline/
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0.05% Tween-20 (TBST) at room temperature
for 1 h in a covered container. Blots were incu-
bated overnight at 4°C with anti-NF-kB p65
antibody (1:1000) and anti-B-actin (1:2000)
diluted in 5% bovine serum albumin (BSA).
B-actin was used as the internal references.
Membranes were washed with TBST and incu-
bated with a secondary goat anti-rabbit IgG-
horseradish peroxidase (HRP) antibody (1:
2000) or goat anti-mouse IgG-HRP antibody
(1:2000) obtained from Santa Cruz Bio-
technology (Santa Cruz, CA, USA) diluted in
2.5% (w/v) dry non-fat milk in TBST for 1 h at
room temperature. Finally, membranes were
washed with TBST, developed using the ECL
detection system (Santa Cruz Biotechnology),
dried and exposed to ECL film.

Immunohistochemistry

Formalin-fixed, paraffin-embedded samples
were cut to 5 um thickness. Each tissue section
was deparaffinized and rehydrated with upgrad-
ed ethanol. For antigen retrieval, slides were
boiled in EDTA (1 mM, pH8.0) for 15 min in a
microwave oven. Endogenous peroxidase activ-
ity was quenched with 0.3% hydrogen peroxide
solution for 10 min at room temperature. After
rinsing with PBS, slides were blocked with BSA
in PBS for 30 min. Slides were subsequently
incubated with a polyclonal antibody against
NF-kB p65 (1:100) overnight at 4°C. Sections
were counterstained with hematoxylin. Anti-
body binding was detected with an Envision
Detection Kit, Peroxidase/DAB, Rabbit/Mouse
(Gene Tech, Shanghai, China). For NF-kB p65 in
control status, the cytoplasm of positive cells
was stained and translocation of positive cells
to nuclei from the cytoplasm indicated activa-
tion of NF-kB p65. Positive areas stained with
NF-kB p65 were observed in all specimens
under a microscope at a magnification of x 200
by three pathologists who were unaware of
specimen origins (CTR 6000; Leica, Wetzlar,
Germany).

Tracking and positioning of CM-Dil labeled
bmMSCs in vivo

When bmMSCs labeled with red fluorescent
material CM-Dil, it was found that bmMSCs
injected through tail vein were mainly in lung
tissue, but nearly could not be observed in pan-
creas, heart and kidney under fluorescence
microscope on days 1, 2 and 3 after AP induc-
tion. To further investigate the positioning of
bmMSCs in vivo, bmMSCs labeled with CM-Dil

Int J Clin Exp Pathol 2015;8(5):4457-4468
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Figure 1. BmMSCs of SD rats was successfully cultured and collected in vitro. A. The third-fifth of bmMSCs of SD
rats (x 200). B. BmMSCs labeled with red fluorescent material CM-Dil (x 100). C. The osteogenic (Alizarin Red S),
chondrogenic (Toluidine blue) and adipogenic (Oil red O) differentiation results of bmMSCs of SD rats (x 200). D.

The flowcytometry results of bmMSCs of SD rats.

injected through tail vein and left ventricle
respectively were further studied in L-arg-
induced SAP model in vivo. Then on days 1, 2
and 3 pancreas and other organ tissue were
studied under fluorescence microscope to
determine the positioning of bmMSCs.
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Statistical analysis

Results were expressed as means + standard
deviation (SD). Statistical analysis was per-
formed using one-way ANOVA, followed by
Student-Newman-Keuls (SNK) as a post hoc

Int J Clin Exp Pathol 2015;8(5):4457-4468
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Figure 2. Histological evaluation of pancreas and serum amylase & lipase levels in L-arg-induced SAP when treated
with bmMSCs in vivo. A. Representative H & E-stained sections of the L-arg -induced SAP with the treatment of
bmMSCs by histological evaluation(x 200). B. Serum amylase and lipase evaluation in L-arg-induced SAP. *P means
P < 0.05 when compared with Control group, #P means P <0.05 when compared with Vehicle + AP group.

test. Data were accepted as statistically signifi-
cant at P < 0.05.

Results

Collection and culture of bmMSCs

The third generation to the fifth generation of
SD rats bmMSCs was successfully cultured in
vitro [16] (Figure 1A), labeled with red fluores-
cent material CM-Dil (Figure 1B), then identi-
fied and confirmed by induced adipogenic,
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chondrogenic, osteogenic differentiation (Figu-
re 1C) [6]. It was also identified by flowcytome-
try. It showed that expression of CD34,
CD45 were negative and CD29, CD9O0 positive
(Figure 1D).

Histological evaluation and serum amylase,
lipase measurement

To examine the effect of bmMSCs on the devel-
opment and severity of L-arg-induced SAP in

Int J Clin Exp Pathol 2015;8(5):4457-4468
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Control

Figure 3. Representative H & E-stained sections of the L-arg -induced SAP with the treatment of bmMSCs by histo-

logical evaluation (x 200).

Table 1. Histological evaluation of the pancreas in L-arg-
induced AP rats after bmMSCs injection through tail vein

tures of pancreatic injury [17] charac-
terized by lower interstitial edema,

less inflammatory cell infiltration and

Days/Group Edema Inflammation Necrosis )

Control 0+0 010 010 necrosis on days 1, 2, 3 (Table 1) and
Vehicle + AP 21+0.4* 22+04% 16+0.3% :s_i‘:C‘[efsg“cs:aolgiﬁi';;a;”f:c‘r’;a'ggi
bmMSCs + AP 1.4 +0.2*# 1.0+0.3*# 0.9+0.2*# jury . . . y .
Vehicle + AP 24 +03% 26+05% 29404% alveolar thickening and inflammation

€ T '* T '* - '* on days 1 and 2 (Table 2). We also

bmMSCs + AP 1.6 £ 0.3*# 1.2+0.3*# 1.4+0.3*# evaluated the severity of SAP by mea-
Vehicle + AP 2.2 +£0.3% 1.3 +0.2* 1.5+ 0.4*

Day 3

bmMSCs + AP 1.5+ 0.2*# 0.8+0.2*# 0.8+0.2*#

suring serum amylase and lipase lev-
els, the most commonly used bio-

*P < 0.05, compared with Control group, #P < 0.05, compared with Vehicle

+ AP group.

rats, histological study of pancreas was evalu-
ated. Pancreatic tissue sections were stained
with H & E to evaluate pathological changes of
L-arg-induced SAP, including interstitial edema,
necrosis and infiltration of inflammatory cells. It
was found that bmMSCs significantly protected
pancreas and lung from pathological damage in
SAP models as observed by hematoxylin and
eosin staining (Figures 2A, 3). Treatment with
bmMSCs markedly reduced histological fea-
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chemical indicators of AP. Obviously
bmMSCs induced a significant reduc-
tion in the levels of amylase and
lipase in SAP models on days 1 and 2 (Figure
2B).

Determination of serum cytokines

In L-arg-induced SAP models, serum IL-13, IL-6
and TNF-a concentration at different time
points (days 1, 2 and 3) was detected by ELISA
method. Compared with Control group, IL-13,
IL-6 and TNF-a were significantly increased in

Int J Clin Exp Pathol 2015;8(5):4457-4468
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Table 2. Histological evaluation of the lung in L-arg-
induced AP rats after bmMSCs injection through tail
vein

Days/Group Alveolar thickening Inflammation
Control 0+0 0+£0
Vehicle + AP 2.8+ 0.4* 2.5+ 0.5*
Day 1 bmMSCs + AP 2.0+ 0.2*% # 1.6 + 0.3*,#
Vehicle + AP 1.6 £ 0.3* 2.4 +0.5*
bmMSCs + AP 0.9 £ 0.3*# 1.2 +0.3%,#
Day 3 Vehicle + AP 0.6 £ 0.2* 1.0 £ 0.2*
bmMSCs + AP 0.4 +0.1* 0.7 +0.2*

*P < 0.05, compared with Control group, #P < 0.05, compared
with Vehicle + AP group.

Vehicle + AP group (P < 0.05) and decreased
after tail vein injection of bmMSCs treatment
(P < 0.05) (Figure 4).

Pancreatic tissue mRNA expression detected
by qRT-PCR

Compared with Control group, mRNA expres-
sion of proinflammatory factor IL-13, IL-6 and
TNF-ac mRNA were obviously up-regulated in
Vehicle + AP group (P < 0.05) and significantly
down-regulated after tail vein injection of
bmMSCs (P < 0.05) (Figure 4).

Expression and localization of NF-kB in pan-
creatic tissue by western-blot and immunohis-
tochemistry

Expression of NF-kB p65 in L-arg-induced SAP
model (48 h) tested by western-blot were
showed in Figure 5A. Compared with Control
group, NF-kB P65 was up-regulated in Vehicle +
AP group (P < 0.05), which supported the
involvement of NF-kB p65 in the pathophysiol-
ogy of SAP. After tail vein injection of bmMSCs,
NF-kB p65 was down regulated (P < 0.05),
which suggested that bmMSCs treatment could
alleviate the inflammation of AP through inhibi-
tion of NF-kB p65 expression.

Localization of NF-kB in pancreatic tissue by
immunohistochemistry was shown in Figure
5B. There was nearly no nuclear expression of
NF-kB p65 in Control group. In Vehicle + AP
group, obvious positive expression of nucleus
NF-kB p65 was observed, but after tail vein
injection of bmMSCs, the nucleus expression of
NF-kB p65 was decreased significantly com-
pared with Vehicle + AP group.
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Tracking and positioning of CM-Dil labeled
bmMSCs in vivo

Tracking and positioning of CM-Dil labeled
bmMSCs were showed in Figure 6. When
bmMSCs labeled with red fluorescent mate-
rial CM-Dil, tail vein injected bmMSCs were
mainly in lung tissue, but nearly could not be
presented in pancreas, heart and kidney on
days 1, 2 and 3. However, compared with tail
vein injection method, when bmMSCs were
injected through left ventricle, more bmMSCs
were observed to be presented in pancreas,
heart, kidney and liver, but less in lung.
Actually the results of tracking and position-
ing of CM-Dil labeled bmMSCs showed that
there was not enough bmMSCs homed and
positioned in pancreas to explain the protective
role of bmMSCs in AP.

Discussion

Severe acute pancreatitis (SAP) can be suc-
cessfully induced by intraperitoneal injection of
large dose of L-arginine (L-arg) [19] in rats, with
elevated serum amylase and lipase, pancreatic
edema, acinar cells necrosis, inflammatory
cells infiltration, similar to clinical AP presenta-
tions. The morphological changes of pancreatic
acinar cells (PASs) induced by L-arg in vivo may
be related to metabolic alterations associated
with the endoplasmic reticulum, disturbance of
protein synthesis due to decreased polyamine
synthesis, inhibited synthesis of nucleic acids
and characteristic active protein synthetic pro-
cess in PASs [20]. On the other hand, L-arg, as
an in vivo nitric oxide (NO) precursor substance,
can produce excessive NO, which could result
in refractory vascular dilation and pancreatic
hypo-perfusion, local blood stasis, the local
inflammatory infiltration [21, 22]. In addition,
oxygen-derived free radicals, inflammatory
cytokines and downstream signaling pathways
(such as the NF-kB) are also involved in the acti-
vation of L-arg induced pancreatic injury [14,
23, 24].

In this study, one of the goals is to tract and
localizes the injected bmMSCs in important
organs (pancreas, lung, liver etc.) in rats suf-
fered from SAP after treated with bmMSCs
labeled with CM-Dil. As compared with SAP
model induced by retrograde pancreatic duct
injection of sodium taurocholate and MAP
model induced by intraperitoneal injection of

Int J Clin Exp Pathol 2015;8(5):4457-4468
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TNF-«x) expression detected by qRT-PCR in L-arg -induced SAP on day 2. *P means P < 0.05 when compared with
Control group, #P means P < 0.05 when compared with Vehicle + AP group.

cerulein, L-arginine can produce excess NO and
cause dilated blood vessels, which will make it
easier for bmMSCs to pass through lung barrier
into systemic circulation. Therefore, L-arg-
induced SAP model will be an ideal model to
study the effects and positioning of bmMSCs
on AP in this study.

MSCs is a remarkably effective treatment for
inflammation and regeneration in clinic, with
advantage of simple isolation and culture tech-
nique, no violation of ethics, no immunogenici-
ty, strong inhibition of immunity, potential
regenerative differentiation and angiogenesis
[25]. The role of MSCs has been studied in myo-
cardial infarction, brain and spinal cord injury,
cartilage and bone diseases, Crohn’s disease,
graft versus host disease (GVHD) after bone
marrow transplantation [26] etc.. In resent
three years some studies about the protective
roles of MSCs in AP have been reported [6-13],
but the detailed mechanisms are complicated
and still unclear.
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In this study, it was confirmed that tail vein
injection of bmMSCs (1 x 10°) significantly alle-
viated pancreatic injury caused by intraperito-
neal injection of L-arg, with decreased serum
amylase and lipase, relieved pancreatic lesions
(edema, necrosis and inflammatory cell infiltra-
tion) and pancreatitis associated lung injury,
consistent with recent studies [6, 8-11]. NF-kB
is a pleiotropic regulator of many genes with
key functions in stress and inflammatory pro-
cess, which is localized in the cytoplasm of
most cells as an inactive complex with unpro-
cessed precursor proteins (such as pl105) or
inhibitory kB (IkB) protein [27]. The activation of
NF-kB is known to activate specific target gene
expression, such as IL-1B, IL-6 and TNF-a etc.
[28], which play an important role in the patho-
genesis of AP and systemic inflammatory
response syndrome (SIRS) [17, 29, 30]. In this
study, NF-kB has been focused and examined
by western-blot and immunohistochemistry. It
was found that treatment of bmMSCs could
reduce the expression and nuclear transloca-

Int J Clin Exp Pathol 2015;8(5):4457-4468
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tion of NF-kB p65, thereby inhibiting its func-
tion as a nuclear transcription factor and reduc-
ing inflammatory factors IL-1, IL-6 and TNF-a.

Although in some studies about MSCs' role in
AP, MSCs have been showed to migrate into
pancreas during early phase [6, 7]. But in our
preliminary study, it was hypothesized that the
MSCs’ protective role in AP was through a para-
crine effect during early phase of AP, without
homing to pancreas. In order to verify the
hypothesis, accurate trafficking and localizing
of MSCs labeled with CM-Dil in vivo has been
confirmed through fluorescence tracing meth-
od in our study. Actually in many previous
reports, the results of trafficking and localizing
of MSCs were not consistent, even totally
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Figure 5. Expression and localization of NF-kB in pan-
creatic tissue on day 2. A. NF-kB p65 signal pathway
of pancreas in L-arg-induced SAP. B. Localization of
NF-kB p65 by IHC in pancreas (x 200). *P means P <
0.05 when compared with Control group, #P means P
< 0.05 when compared with Vehicle + AP group.

opposite, which might be complicated by
diverse methods used to culture, characterize
and deliver MSCs and by the variety of methods
used to assess homing events [25]. However,
the most impressive opinion about MSCs traf-
ficking and homing in vivo is the proposed point
of view “lung barrier” [31]. Barbash found that
systemic intravenous delivery of MSCs to rats
after myocardial infarction is mainly in lungs,
with significantly smaller amounts in liver,
heart, spleen, and direct left ventricular cavity
infusion enhanced migration and colonization
of the cells preferentially to the ischemic myo-
cardium [32]. In myocardial infarction models
in mice, after 2 x 10° MSCs were intravenously
infused into mice, most of the cells were
trapped as emboli in lung and < 1000 cells

Int J Clin Exp Pathol 2015;8(5):4457-4468
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Figure 6. Tracking and positioning of CM-Dil labeled bmMSCs in L-arg-induced SAP in vivo on days 1, 2 and 3 under

fluorescence microscopy (x 200).

appeared in six other tissues [33]. These above
results are consistent with our experiments.
Through tail vein injection of bmMSCs in the
treatment of L-arg-induced SAP, bmMSCs did
not actively home to pancreas, but mainly pas-
sively trapped in lung. After direct left ventricu-
lar cavity infusion of bmMSCs, enhanced migra-
tion and colonization of bmMSCs was found in
pancreas, kidney, heart, liver and less bmMSCs
in lung compared with tail vein injection. These
results suggested that localization of bmMSCs
in L-arg-induced SAP model after intravenous
or left ventricular cavity injection was due to
being passively trapped in related organs, but
not actively homing to inflammatory sites of
pancreas during the early phase of AP [34],
which might be due to huge volume of bmMSCs
cultured in vitro and weakened deformation
ability [35].

In conclusion, bmMSCs have an exact thera-
peutic effect in treatment of AP and the protec-
tive role of MSCs was through a paracrine
effect by secreting some cytokines or microves-
icles to inhibit inflammation partly through
NF-kB pathway. Furhter animal experiments
and clinical studies are expected to be carried
out in the near future to further clarify the pro-
tective roles of MSCs in AP.
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