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Abstract

AIM: To investigate the effects of AT, (Type 1 angiotensin
IT receptor) antagonist (Losartan) on the apoptosis,
proliferation and migration of the human pancreatic
stellate cells (hPSCs).

METHODS: hPSCs were isolated from pancreatic
sample of patients with pancreatic carcinoma using
radioimmunoassay (RIA) technique to detect the
concentration of AngIl in culture media and cell
homogenate. Immunocytochemistry (ICC) and /in situ
hybridization (ISH) methods were utilized to test AT,
expression in hPSCs. Effects of Losartan on hPSCs
proliferation, apoptosis and migration were investigated
using BrdU incorporation, TUNEL, flow cytometry (FCM),
and phase-contrast microscope separately when cells
treated with Losartan. Immunofluorescence and Western
blot were applied to quantify the expression of type I
collagen in hPSCs.

RESULTS: There exists AT; expression in hPSCs, while
no Angll was detected in culture media and cell
homogenate. Losartan induces cell apoptosis in a dose-
and time-dependent manner (apparently at 10° mol/L),
no pro-proliferative effect was observed in the same
condition. Corresponding dosage of Losartan can also
alleviate the motion capability and type I collagen content
of hPSCs compared with AnglI treatment and non-treatment
control groups.

CONCLUSION: These findings suggest that paracrine not
autocrine functions of AnglIl may have effects on hPSCs,
which was mediated by AT; expressed on cells, while
Losartan may exert anti-fibrotic effects by inhibiting hPSCs
motion and partly by inducing apoptosis.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Fibrosis is a dynamic process in which both altered matrix
degradation and abnormal extracellular matrix (ECM)
protein synthesis play key roles!"?. Chronic pancreatitis is
accompanied by progressive fibrosis that is characterized
by the loss of functional tissue and its replacement by ECM,
while the molecular mechanisms of pancreatic fibrogenesis
remain to be elucidated.

In 1998, star-shaped cells in the pancreas, namely PSCs,
were identified and characterized™¥. These cells like their
counterparts, hepatic stellate cells (HSCs) and pancreatic
stellate cells (PSCs) are responsible for the development of
pancreatic fibrosis. Meanwhile, many of the morphological
and metabolic changes associated with the activation of
PSCs in animal models of fibrosis also occur when these
cells are grown in culture on plastics. Therefore, a culture
of primary PSCs on plastics has been accepted as a model
that mimics the 77 vivo process of PSC activation following
pancreatic injury®.

Numerous studies have emphasized the important role
of the local Renin-angiotensin system (RAS) in the
tibrogenesis that occurs in the setting of chronic kidney or
cardiac diseases and the antifibrogenic effect of therapies
with AT blockers or angiotensin-converting enzyme (ACE)
inhibitors in this condition. Recent study has shown that
Angll may induce apoptosis in some type of cells triggered
by the interaction with ATl Also, AnglI can promote cell
migration even though the mechanism is still unclear. A
local RAS has been described in the pancteas”. Though
apoptosis, migration and proliferation of human pancreatic
stellate cells (hPSCs) might affect the pancreatic fibrotic
process, it has reason to hypothesize that Angll and AT,
may participate in this process by different mechanisms.

The present study attempts to investigate the effects of
Losartan, an antagonist of AT; on hPSCs, providing
laboratory data for interfering pancreatic fibrosis.

MATERIALS AND METHODS

Cell isolation and culture
hPSCs were isolated from pancreatic sample of patients
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with pancreatic carcinoma (kindly gifted by Prof. Bachem
MG)Y, culturing in a2 95% air and 50 mI./L. CO; incubator
a 37 'C with DMEM containing 10% FCS supplemented
with 100 U/mL penicillin,100 pg/ml streptomycin and
2 mmol/L L-glutamine.

Angll level in culture media and cell homogenate

Cell homogenate and culture media were taken and kept at
-30 C for assays. The levels of Angll were determined by
radioimmunoassay (RIA) method following the company
directions (Northern Biot Co, China).

ICC Staining of AT,

For analysis of AT, expression, cells were fixed with acetone
for 5 min, exposed to a rabbit anti-human AT, antibody
(4 °C overnight, 1:200 in PBS, Boster, Wuhan, China),
washing and incubating with an anti-rabbit secondary
antibody (37 C, 2 h, 1:200 in PBS, Dako, USA) and with
the substrate solution (DAB in H,O, in Tris buffer pH 7.4)
for 15 min after repeating the above-mentioned steps.
Pictures were visualized and taken with microscope
(Olympus, Japan) and camera (Japan). For control staining,
PBS was used instead of the primary antibody.

ISH for AT,

In situ hybridization (ISH) kit (Boster, Wuhan, China) was
used to detect AT, expression in hPSCs, Briefly, slides were
incubated with the probe and a biotinylated secondary
antibody subsequently. The bound antibody was visualized
with an indirect biotin streptavidin system coupled to alkaline
phosphatase and were detected by the DAB reagent. Human
heart tissue was used as a positive control and the sense
probes (included in kit) were used as a negative control.

Apoptosis evaluation of hPSCs

Immunocytochemistry (ICC) detection of apoptotic cells
was carried out with the use of TUNEL, in which residues
of digoxigenin-labeled dUTP ate catalytically incorporated
into the DNA by terminal deoxynucleotidyl transferase I1I.
After treatment with Losartan (Merck & Co, New Jersey,
USA) in different concentrations (10?, 107, 10° and 10° mol/
L), the slides were fixed and washed thrice in 0.01 mol/L
PBS, the following procedures were performed according
to the manufacturer’s guidance (Boster, Wuhan, China). The
positive particles of DAB staining were viewed with a
microscope (Olympus Japan). Thenumber of apoptotic cells
was counted and expressed as a percentage of total hPSCs
population. Next, after a certain concentration of Losartan
treatment, harvested cells were washed twice with PBS
(0.01 mmol/L, pH 7.4), and the cells were tesuspended in
bind buffer to a final concentration of 1x10° cells/mL.
Annexin-V FITC/PI solution (Roche, Germany) was added,
which can stain the damaged DNA in apoptotic cells, and
then the cells were kept in a dark place at room temperature
for 15 min. Quantitative analysis for apoptosis was
petformed with regular flow cytometry (FCM)!

Cell proliferation assessment
The effect of Losartan on hPSCs proliferation was
determined by BrdU incorporation and cell counting. After

being cultured for 3 d on glass slides, hPSCs were incubated
with Losartan (a series of final concentrations 107, 10,
107 mol/L) for 48 h. Each concentration included six wells,
cells being cultured for 48 h firstly, and then supplemented
with BrdU (Boster, Wuhan, China) at 1X10° mmol/L. After
24 h, slides were stained according to the protocol. Positive
signals were visualized by DAB reagent plus substrate
intensifier. Five random areas of the slides were chosen
for counting stained and unstained hPSCs nuclei [positive
cells/ (negative-+positive cells)x100].

Migration study

Cell migration was assessed by an 7 vitro wound-healing
assay. For the wound-healing assay, hPSCs were cultured
until confluence on 35 mm-diameter culture dishes. Cells
were serum-starved for 24 h, and a 2-mm wide linear wound
was cleated. Cells were then incubated with AnglI (10*mol/L,
Sigma, USA), AnglI (10® mol/L) plus Losattan (107 mol/T)
for 24 hi""l. Cells migrating into the wound wete detected
using a phase-contrast microscope.

Western blotting

Western blotting was performed under standard conditions.
Briefly, hPSCs (1X10°) were cultured in 60 mm culture
dishes, and were stimulated with AngII (107 mol/L) and
Angll plus Losartan (10 mol/L) separately for 24 h, 4 mL.
of the cellmedia as precipitated with 0.76 g of sodium
sulfite at 4 °C for 4 h and then centrifuged at 12 000 g for
30 min. Pellets were resuspended in buffer (containing 50
mmoL Tris-ClL 50 mmol DT'T, 2% SDS, 0.1% bromophenol
blue, 10% glycerol), protein concentrations were determined
by BCA protein assay (Pierce, IL). Protein samples were
heated for 5 min at 100 ‘C and were subjected to
electrophoresis on a 8% acrylamide gel, and transferred to
PVDF membrane (Schleicher&Schuell, Germany). The
membrane was blocked in 50 mL/L non-fat dried milk in
'TBS buffer for 2 h at 20 ‘C, then membrane was incubated
overnight at 4 ‘C with rabbit anti-human collagen type I
antibody (diluted 1:200 in TBS buffer; Boster, Wuhan China)
and for 60 min with corresponding horseradish-conjugated
secondary antibodies (Santa Cruz, USA) at room temperature.
Membrane was washed thrice in Tris-buffered saline
containing 1% Tween-20 for 10 min after each of the steps.
The protein bands were visualized with ECL chemiluminescence
system.

Immunofluorescent staining for collagen type |

hPSCs grew in chamber slides fixed with 2% paraformaldehyde,
permeabilized by 0.1% Triton X-100. For non-specific
binding site blocking, 1:50 normal goat serum was applied
for 10 min, and then incubated with primary antibody for
type collagen I (Boster, Wuhan, China) at 4 C overnight,
biotinylated secondary antibody and streptavidin-conjugated
FITC (Southern Biotechnology Association, Birmingham,
USA) were used to intensify the images. Images were taken
by fluorescent microscope (Olympus, Japan).

Statistical analysis
Data values we expressed as meantSD, these experiments
were performed in triplicate for each of the six samples.
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Figure 1 Immunocytochemistry and ISH detection of AT, in hPSCs at protein and mRNA levels. Immunostaining positive particles were located in plasm, A (magnification x100);
B (magnification x400). ISH positive signals were located in nuclei C (magnification x100); D (magnification x400).

Statistical analysis was performed with a two-tailed The percentage of apoptotic cell induced by Losartan
Student’s # test, and P<0.05 was considered statistically (Figure 3) was achieved using FCM (EpicsXL Coulter, USA).
significant. In the two-dimensional histogram the horizontal axis shows

Annexin-V binding and the vertical axis shows PI uptake. The
percentage of cells are indicated in the apoptotic quadrant

RESULTS (bottom right). Apoptosis began 24 h after certain dosage of
AT, expression and Angll concentration in hPSCs Losartan (10”° mol/L) treatment, and the percentage of
hPSCs were cultured for 14 d (activated PSCs), apoptotic hPSCs rose from 3.7% (24 h) to 13.1% (72 h) during
immunostaining revealed that positive signals for AT, were treatment.
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Figure 2 Dose-dependent induction of apoptosis by Losartan at different Figure 3 Time-course of Losartan-induced apoptosis. hPSCs in 0.1% FCS
concentrations. (Con, 1 =109, 2 =107, 3 = 10%, 4 = 10®mol/L; °P < 0.05 vs were exposed to 10° mol/L Losartan, and was assessd at 24, 48,72 h. Results

different from all groups ). indicate that Losartan induces apoptosis in a time-dependent manner.
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The BrdU labeling index in control cells was 3.520.8%.
Treatment with Losartan did not increase the labeling indices
(4.7£1.1%, 3.6£0.7%, 4.320.5%, Figure 4).

Migration of hPSCs was assessed with an in vitro
wound-healing assay. AnglII (10® mol/L) and 10% FCS
induced migration of hPSCs into the wound. This effect
might be inhibited by Losartan (107 mol/T)!%, as demonstrated
by the assay. Images are representative of this experiment
(Figure 5).
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Figure 4 Effects of Losartan on hPSCs proliferation assessed with BrdU
incorporation. Losartan itself did not affect cell proliferation compared to control
group. (*P>0.05 different from all the groups).

Western blotting and immunofluorescence assay for collagen
typel

The collagen type I level was substantially down-regulated after
10 mol/L Losartan treatment in hPSCs. In contrast, levels
of collagen were higher in control groups, and the same results

a (D Col
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Ang I[ +Losartan Ang Il

Figure 6 Losartan down-regulated collagen | protein expression by western
blot and immunofluoresence. hPSCs were incubated with 10 mol/L Losartan.
Samples were exposed to certain concentration of Losartan+Angll and Angll for
24 h.

were shown by immunofluorescence assay (Figure 06).

DISCUSSION

Chronic pancreatitis is an irreversible progressive disease
characterized by the destruction of acinar and ductule cells.
Increased accumulation of ECM is a histologic characteristic
of chronic pancreatitis that results in pancreatic fibrosis!'*".

The molecular mechanisms resulting in the fibrosis in
pancreas remain unknown. PSCs may participate in matrix
remodeling through the regulation of ECM production and

matrix degradation. Like his counterpart HSCs, it is now

Figure 5 Angll accelerates in vitro wound healing confluent, culture-activated PSCs were serum deprived for 48 h. A wound was produced in the monolayer with
a pipette tip, and the cells were exposed to (A) Angll (10 mol/L), (B) 10% fetal bovine serum, (C) Angll + Losartan, (D) serum-free medium along 24 h later, the cells

were photographed.
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generally accepted that PSCs are major ECM producing
cells in the pancreas*'. On activation by different stimuli,
such as growth factor, cytokines, ethanol, oxidative stress,
PSCs produce a large amount of ECM proteins. Increasing
synthesis of ECM results from the number of PSCs,
determined by the balance of cell proliferation and apoptosis,
or cells migrating from non-injured areas to injured ateas.
Apoptosis, proliferation and migration of PSCs must play a
crucial role in pancreatic fibrotic process.

Recent evidence indicates that Angll plays a role in liver
fibrogenesis'®. The Angll is locally expressed in injured
livers, and Angll inhibition attenuates experimental liver
fibrosis". Angll is able to induce contraction and
proliferation of HSCs!", and also increase the expression
of collagen I in lung fibroblasts™. Recently, it was shown
that ACE inhibitor suppressed progression of hepatic fibrosis
in ratsl'. In addition, AnglI and AT interaction results in
hepatic fibrosis, which could be suppressed by AT,
antagonist 2 vivo and #n vitro'®). Since the pathophysiologic
process of pancreatic fibrosis is similar to hepatic fibrosis,
and the hPSCs are a counterpart of HSCs, we hypothesize
that Angll participates in pancreatic fibrogenesis, though
the mechanismsundetlying the fibrogenic action of Angll
in the pancreas merit further investigation. We speculated
that Angll and AT, also play an important role in the
fibrogenesis of pancreas, so the expression of AT, in PSCs
was assessed in our study.

It is reported that increased Angll may affect activation
and proliferation of PSCs™. Therefore, we propose a link
between Angll and PSCs during pancreatic fibrosis. While
the effects of Angll on cells are mediated by interaction
with its receptor (mainly AT}), we here present evidence
that hPSCs express AT at protein and mRNA level, this
finding suggests that AnglI could exert biological actions in
these cells. Moreover we found that no Angll was detected
by RIA either in culture media or in hPSCs homogenate,
indicating that it is paracrine but not autocrine function of
Angll interacting with AT in hPSCs, which plays a role in
pancreatic fibrosis. In injured areas of pancreas, the level
of Angll alleviate apparently. We observed that Angll
derived from exogenous pathway could promote hPSCs
migration, which is an important way for increasing hPSCs
number in these areas, and this process can be blocked
with certain concentration of Losartan. We know that
Angll may modulate the re-organization of actin and
vinculin through Paxillin and other downstream molecules
such as small Rho family members after combining to a
certain membrane receptor, leading to cell polarity and
migration®*?. hPSCs migrating from uninjured ateas
accumulate in the injured area, and participate in ECM
secretion and fibrotic formation™¥. The inhibitory effect
of Losartan might be attributed to Angll receptor
intervention. However, the precise modulating mechanisms
still need to be elucidated.

It is well accepted that Angll can induce apoptosis
through AT in some cell types, and this apoptotic process
could be alleviated with Losartanl. AT, and AT, ate
two subtypes receptor of Angll. The AT, regulates
vasoconstriction and sodium and water re-absorption, as
well as promote cell growth, proliferation, and collagen matrix

deposition. The AT, appears to counterbalance the AT, by
increasing the production of bradykinin, nitric oxide, and
cyclic guanosine monophosphate-mediating vasodilation and
by promoting cell differentiation, anti-proliferation, and
apoptosis. It is meaningful that our results suggest that
Losartan itself can induce hPSCs apoptosis in a dose- and
time-dependent manner clarified by TUNEL and FCM
assays, while there are no marked effects on hPSCs
proliferation. We made a setial concentration of Losartan
firstly in order to ascertain the adaptable pro-apoptotic
dosage, and found that 10 mol/L had significant pro-
apoptotic effect. Also we chose 0.1% FCS in time-course
apoptotic test in order to decrease the serum’s effect on
anti-apoptosis. Based on this result, we used 10 mol/L in
pro-proliferation study in order to avoid pro-apoptotic effect.
Apoptosis is a physiological mechanism of deleting cells
that regulates cell mass and architecture in many tissues.
Inducing PSCs apoptosis or inhibiting PSCs proliferation
are always hope-giving methods for complete treatment of
pancreatic fibrosis. The regulatory mechanisms and signaling
pathways in this process are poorly defined. However, how
can we explain this paradox? Actually, Angll is also a potent
anti-apoptotic factor, capable of reversing the effects of
NO as well as the response to serum withdrawal-induced
apoptosis was noted at concentrations as low as 10 nmol /TP,
The observation that Angllinhibits cGMP analog-induced
apoptosis suggests that the survival signal is downstream
from the activation of cGMP protein kinase®. Given
the pleiotropic effects of Angll on avariety of second
messenger systems, such as calcium, protein kinase C,
mitogen-activated protein kinase, and other tyrosinekinases,
there are many potential mechanisms by which Angll may
stimulate a cell survival signal®?*. It has been reported
that Angll inhibits apoptosis mainly via the stimulation of
the AT #. Other anti-apoptotic mechanism might be
associated with down-regulation of iNOS expression and
requires an intact phosphatidylinositol 3-kinase-Akt survival
signal pathway®). Whether the interaction between Losartan
and AT, could activate downstream molecular signals
inducing apoptosis is worthy of further investigation.
Losartan treatment also lowers the content of collagen I in
culture media and hPSCs compared to control group
determined by Western blot and immunofluorescence. This
contention coincides with other reports that the specific
blockade of AT, causes a reduction in collagen I.

It is demonstrated that PSCs possessing ATy, have a
possible impact on the pathogenesis of acute and chronic
pancreatitis. In the injured pancreas, Angll production by
the local RAS may contribute to an impaired microcirculation,
resulting in increased intrapancreatic vascular resistance,
teduced pancreatic juice efflux, and fibrotic reotganization®”.
Kuno et al'? recently demonstrated in an 7 vivo model of
chronic pancreatitis that inhibition of the ACE attenuates
pancreatic inflammation and fibrosis, further corroborating
the view that Angll and AT may play an important role in
pancreatic pathophysiology. Taken together, our data provide
evidence to support that Losartan has direct anti-migration,
antifibroticand pro-apoptotic effects on hPSCs 7 vitro, these
processes might be mediated in part, by interaction with
AT. These findings have important implications for
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understanding the role of AT} and its antagonist in pancreatic
fibrosis. If this is confirmed, the inhibition of AT; by
Losartan could represent a novel approach to inhibit
fibrogenesis in patients with chronic pancreatic disease.
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