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Objective: The purpose of this study was to investigate the expression of collagen type I and the mRNA
level of its regulatory factor, TGF-B1, in tissue samples of acute pancreatitis and to determine the signif-
icance of collagen type I in predisposition to pancreatic fibrosis during acute pancreatitis.

Methods: Sprague-Dawley rats were divided into an experimental group (30 rats) and a control group

Keywords: (12 rats). The rats in the experimental group were intraperitoneally injected with cerulein to induce acute
_?gl]}_ag]e“ type pancreatitis. The distribution and expression of collagen type I in the pancreatic tissues were examined
Acin-f r cells by immunohistochemical staining. The mRNA level of TGF-B1 was determined by real-time polymerase

chain reaction (PCR).

Results: (1) Collagen type I was localized in the cytoplasm of pancreatic acinar cells. With pancreatitis
progressed, strong positive staining for collagen type I covered whole pancreatic lobules, whereas, the
islet tissue, interlobular area, and pancreatic necrotic area were negative for collagen type 1. (2) The level
of TGF-B1 mRNA in rats from the experimental group increased gradually the establishment of acute pan-
creatitis, and was significantly higher than that in the control group at every time point.

Conclusions: (1) During acute pancreatitis, pancreatic acinar cells, not pancreatic stellate cells as tradi-
tionally believed, were the naive effector cells of collagen type I. (2) TGF-p1 played a key role in regulating

Acute pancreatitis

collagen I expression during acute pancreatitis.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Acute pancreatitis (AP) is commonly seen in clinical practice.
Chronic pancreatitis (CP) is usually associated with repeated out-
breaks of acute pancreatitis. Fibrosis induced by acute pancreatitis
leads to pancreatic tissue fibrosis [1,2]. Excessive production and
deposition of collagen also result in tissue fibrosis. Collagen has
at least ten subtypes, among which collagen type I is the most
abundant and has the most diverse functions [3]. Numerous
studies have shown that during the process of pancreatic fibrosis,
pancreatic stellate cells (PSCs) are the effector cells of collagen type
I [4,5]. PSCs are activated by multiple stimulatory factors during
pancreatic injury and synthesize extracellular matrix (ECM) pro-
teins, mainly collagen type I and type III and fibronectin, which
play key roles in pancreatic fibrosis [6,7]. PSCs are located at the
peripheral area of pancreatic acinar cells, the interlobular area,

Abbreviations: AP, acute pancreatitis; CP, chronic pancreatitis; PSCs, pancreatic
stellate cells; ECM, synthesize extracellular matrix; TGF, transforming growth
factor; PCR, polymerase chain reaction.
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the pancreatic duct epithelium, and the interlobular vascular epi-
thelial [8,9]. Currently, most studies on pancreatic fibrosis focus
on chronic pancreatitis. However, the expression status of collagen
type 1 in acute pancreatitis and whether other types of cells in
addition to PSCs also express collagen type I remain unclear. Trans-
forming growth factor f1 (TGF-B1) is a member of the TGF-B super-
family and is the main regulatory factor for collagen type I. TGF-B1
is an active peptide with a molecular weight of 25 kD that plays a
role in stimulating cell proliferation and differentiation [10-12].
The expression status of TGF-B1 during acute pancreatitis remains
unknown. In this study, we examined the expression of collagen
type I and the mRNA level of its regulator TGF-B1 during acute pan-
creatitis and investigated the role of collagen type I in early pancre-
atic fibrosis.

2. Materials and methods
2.1. Materials
Rabbit anti-rat collagen type I monoclonal antibody was pur-

chased from Santa Cruz Biotechnology (Dallas, TX, USA). Ready-
to-use immunohistochemical staining kits (SABC) were purchased
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from Wuhan Boster Biological Technology (Wuhan, China). DAB
color development solution was purchased from Beijing Zhong-
shan Biotechnology Co., Ltd. (China). The following reagents and
instruments were used in this study: TRIzol (Invitrogen, Grand
Island, NY, USA), Ribolock inhibitor (MBI), agarose (Bio-Rad,
Hercules, CA, USA), RevertAid™ M-MulV reverse transcriptase
(MBI), SYBR Premix Ex Taq II (Takara, Shiga, Japan), PCR Mixture
(SinoBi), low temperature centrifuge (Jacque Fresco, USA), UV spec-
trophotometer (GE Healthcare, Uppsala, Sweden), PCR machine
(Bio-Rad), nucleic acid electrophoresis system (Beijing Baijing,
China), and an image analysis system (UVP, Upland, CA, USA).

2.2. Animal grouping and the establishment of a rat acute pancreatitis
model

Forty-two Sprague-Dawley (SD) rats (female or male, body
weight 120+ 20 g) were provided by the animal care center of
Huaxi Medical University. The rats were housed at a temperature
of 18-28 °C and a humidity of 40-70%. The rats were randomly di-
vided into an experimental group containing 30 rats and a control
group containing 12 rats. Food uptake of the rats was restricted,
but the animals were allowed water for 12 h before acute pancre-
atitis was induced and within 24 h after the establishment of the
acute pancreatitis model. Twenty-four hours after the establish-
ment of acute pancreatitis, the rats were allowed free access to
food and water. The rats in the experimental group were intraper-
itoneally injected with cerulein at a dosage of 50 pg/kg body
weight four times. Each injection lasted for 1 h. The rats in the con-
trol group were injected with 0.5 mL saline in the same manner
and at the same time points. The rats in the experimental group
(five rats) and the control group (two rats) were sacrificed by cer-
vical dislocation at 6 h, 1d, 2d, 3d, 5d, or 7 d after the establish-
ment of the model.

2.3. Immunohistochemistry

Color development of collagen type I staining was performed
using an SABC method. Slides were treated with poly-p-lysine to
enhance cell attachment. Paraffin-embedded tissue was sectioned
with 5 pm thickness. Tissue sections were routinely dehydrated
with xylene, dewaxed with an alcohol gradient, washed with
0.01 mol/L PBS for 2 min three times, and exposed to 3 mol/L
H,0, solution for 10 min to inactivate peroxidase. The tissue sec-
tions were then microwaved at 100 °C for 10 min in citric acid
solution to restore the antigen, cooled at room temperature for
25 min, and washed with 0.01 mol/L PBS for 2 min three times.
The tissue sections were blocked in goat serum for 10 min at room
temperature. Excess liquid was shaken off the slide. Primary anti-
body with rabbit anti-rat IgG was added to the slide without wash-
ing the slide. The slide was incubated at 4 °C overnight and washed
with 0.01 mol/L PBS for 2 min three times. The biotin-conjugated
secondary antibody goat anti-rabbit IgG was then added. The slide
was incubated at 37 °C for 20 min and washed with 0.01 mol/L PBS
for 2 min three times. The slide was then exposed to SABC reagent,
incubated at 37 °C for 20 min and washed with 0.01 mol/L PBS for
2 min three times. Color was developed using DAB. One drop of re-
agents A, B, and C from the DAB kit were added to 1 mL of distilled
water and mixed well. The solution was then added to the tissue
section. The tissue section was lightly stained with hematoxylin
for 50 s, dehydrated, permeabilized, and mounted. For a negative
control, a tissue section was incubated with PBS buffer instead of
primary antibody. Cells exhibiting brown-yellow particles in the
cytoplasm and nucleus were considered positive for staining. Posi-
tive tissue sections were analyzed with the Motic Images Advanced
3.2 image analysis system.

2.4. Real-time PCR

PCR primers were designed using the software Primer 5.0 and
synthesized by Shanghai Sangon Company (China). The forward
primer for TGF-p1 was 5-ACCGCAACAACGCAATCTATG-3’, and
the reverse primer was 5'-ATTCCGTCTCCTTGGTTCAG C-3'. B-actin
was used as the reference gene. The forward primer for B-actin
was 5-TGACGTGGACATCCGCAAAG-3’, and the reverse primer
was 5-CTGGAAGGTGGACAGCGAGG-3'. Total RNA was extracted
using the TRIzol method. The reverse transcription reaction system
contained 10 pl 5x buffer, 5 ul 10 mmol/L dNTP, 1 pl RNase inhib-
itor, 3 ul 100 mg/L Oligo(dT), 1 pl total RNA (2-4 pg), and 2 pl
200 U/l M-MuLV. The volume was brought to 50 pl by adding
RNase-free water. The reverse transcription reaction was incu-
bated at 42 °C for 60 min and then 95 °C for 5 min. The system
was cooled rapidly on ice to 10 °C and stored at —40 °C for future
use. The PCR reaction mixture contained 12.5 pl 2x ExTaq, 0.8 pul
10 uM forward and reverse primers, and 2 pl cDNA, and the vol-
ume was brought to 25 pl with RNase-free water. The reaction con-
dition was optimized to for the following steps: (1) pre-denature at
95 °C for 3 min; (2) denature at 94 °C for 20 s, anneal at 56 °C for
30s, and extend at 72 °C for 30s for 40 cycles; (3) denature at
95 °C for 1 min; (4) anneal at 55 °C for 20 s for 80 cycles. Four
microliters of PCR product was analyzed by 1.5% agarose gel elec-
trophoresis. DL2000 was used as a molecular weight standard. The
gel was photographed with a gel imaging system and analyzed
using an absorbance scan.

2.5. Statistical analysis

PCR results were analyzed with the statistical analyzing soft-
ware SPSS 13.0. Data were analyzed using the one-way ANOVA
and LSD tests for inter-group comparison. P < 0.05 was considered
to be significantly different.

3. Results
3.1. Characteristics of collagen type I protein distribution (Fig. 1)

Collagen type I appeared as granular particles and was localized
in the cytoplasm. Positive staining showed as a brown color. Nor-
mal pancreatic tissue showed little positive staining. Six hours
after the establishment of acute pancreatitis, pancreatic acinar
cells exhibited positive staining. This staining, which was pedal
and fan shaped, was localized in the peripheral area of the pancre-
atic gland. The positive staining was relatively weak. The center of
the pancreatic gland was negative for the staining. One to three
days after the establishment of acute pancreatitis, the area of posi-
tive staining progressed to the center of the pancreatic gland. The
peripheral area of the pancreatic gland where inflammatory cells
accumulated exhibited strong positive staining, and the center of
the pancreatic gland showed weak staining. The interlobular area
and islets did not contain any cells with positive staining. Five to
seven days after the establishment of acute pancreatitis, positive
staining covered entire pancreatic lobules. The positive staining
was very strong in acinar cells. The interlobular area, islet tissue,
and necrotic area did not show positive staining.

3.2. Expression of TGF-$1 mRNA in pancreatic tissue (Fig. 2 and
Table 1)

Electrophoresis of the PCR product amplified using the TGF-p1
and B-actin primers and templates from both the control and
experimental group at different time points are shown in Fig. 2.
shows the comparison of the expression of TGF-31 mRNA between
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Fig. 1. One day after the establishment of acute pancreatitis, staining for collagen type I in the pancreatic gland was strong, and the staining in the center of pancreatic gland
was weak. The interlobular area and islet were negative for staining (A). Five to seven days after the establishment of acute pancreatitis, the positive staining in the gland area
was strong and showed a diffuse pattern. The staining appeared as a banded and patchy distribution. The interlobular area, islet tissue, and inflammatory necrosis were

negative for staining (B and C. Express of collagen type I in the pancreatic tissue).
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Fig. 2. Show that the relative densitometry of TGF-B1 mRNA in the experimental
group increased gradually 6 h after the establishment of acute pancreatitis and
reached its peak level at 7 d. There was a significantly higher amount of TGF-p1
mRNA in the experimental group than in the control group at each time point and at
all time points (p < 0.05. Gelelectrophoresis of TGF-p1 RT-PCR product).
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Table 1. Expression of TGF-f1 mRNA.

the experimental and the control group. The PCR products for TGF-
B1 and B-actin were 338 bp and 210 bp long, respectively. Normal

pancreatic tissue expressed a low level of TGF-1 mRNA. After the
establishment of acute pancreatitis, the expression level of TGF-$1
mRNA gradually increased and reached its peak level at 7 d. Densi-
tometry showed that the level of TGF-B1 mRNA in the experimen-
tal group was significantly higher than that in the control group at
the same time point.

4. Discussion

4.1. Acinar cells of the pancreatic gland are the cells expressing
collagen type |

In this study, we investigated the localization and distribution
of collagen type I during the process of damage repair in acute pan-
creatitis and found that the damaged acinar cells of pancreatic
gland were the cells expressing collagen type I. The evidence to
support our conclusion is listed as follows: (1) Six hours after the
establishment of acute pancreatitis, acinar cells around lobules
exhibited weak collagen type I expression. Acinar cells in the cen-
ter of lobules did not show significant expression. As the disease
progressed, inflammatory cells invaded into the center of the pan-
creatic gland along the interlobular tissue, and the expression of
collagen type I in acinar cells gradually increased. At day 7 of the
disease, the expression of collagen type I in the acinar cells of the
lobules became strong and diffuse. (2) Our previous study demon-
strated that pancreatic lobules are the smallest component of pan-
creatic tissue to react to acute pancreatitis. The cells most damaged
initially are acinar cells surrounding pancreatic lobules. The islets
in the center of pancreatic lobules are the last to be affected and
damaged [13]. This phenomenon may be associated with a self-
defensive reaction of acinar cells. At the early stage of acute pan-
creatitis, an inflammatory cascade is triggered in pancreatic tissue,
and large amounts of inflammatory factors are released into inter-
stitial fluid that subsequently induce acinar cells to initiate self-
defensive reactions such as synthesizing and depositing larges
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amount of collagen into the interstitial area. The accumulated col-
lagen forms a protective barrier for the pancreatic gland that pre-
vents inflammatory factors from damaging gland cells and the
islet. (3) Except for acinar cells, all the other areas of pancreatic tis-
sue were negative for collagen I expression. As the disease pro-
gressed, pancreatic tissue exhibited areas of local necrosis, and
large amounts of inflammatory cells invaded the interlobular area;
these areas and the islet were negative for the expression of colla-
gen L.

The traditional view is that PSCs play a key role in the develop-
ment of pancreatic fibrosis and that PSCs are the cells producing
collagen type 1[14,15]. Based on our study, we believe that the col-
lagen type I-positive cells are not PSCs for the following reasons:
(1) PSCs are mainly localized in the peripheral area of acinar cells
and also in the lobular duct epithelium, lobular vascular epithe-
lium, and interlobular area [8,9]. In this study, we found that only
acinar cells expressed collagen type I, whereas other areas did not
show any positive cells. (2) It has been shown that o--smooth mus-
cle actin (a-SMA) is specifically expressed in PSCs during the early
stage of acute pancreatitis [3]; These a-SMA positive cells are
mainly localized at the peripheral area of acinar cells and can also
be found in the lobular duct epithelium and lobular vascular epi-
thelium [16,17]. In this study, collagen type I expression was not
detected in the lobular duct epithelium or the lobular vascular epi-
thelium. (3) Acinar cells have been recognized to be the cells that
respond the earliest to inflammatory factors in pancreatic tissue.
Collagen type I was expressed at 6 h after the establishment of
acute pancreatitis, and PSCs are activated by inflammatory factors.
In vitro studies demonstrated that the expression of collagen is de-
layed in PSCs [18,19]. (4) Some studies have shown that PSCs ex-
press stem cell factors such as nestin and are migratory [20]. Our
previous study demonstrated that at the early stage of inflamma-
tion, nestin was mainly expressed in the interlobular vascular epi-
thelium. As the disease progressed, the cells expressing nestin
migrated to the acinar tissue [21]. If the nestin-expressing cells
were PSCs, However, our study showed that the expression of col-
lagen type I was mainly in the area of acinar cells but not in the
interlobular vascular epithelium.

Acharya et al. analyzed the histology of pancreatic tissue from
acute and chronic pancreatitis patients and also performed
in vitro experiments [22]. They found that fat necrosis associated
peri-fat acinar necrosis contributed to most of the necrosis ob-
served in AP samples; However, peri-fat acinar necrosis and total
necrosis were significantly lower in samples from patients with
CP and AP-on-CP. Fibrosis appeared to wall off the fat necrosis
and limit peri-fat acinar necrosis, reducing acinar necrosis. In vitro,
collagen type I limited the lipolytic flux between acinar cells and
adipocytes and prevented increases in adipokines in the acinar
compartment. Thus, collagen fiber hyperplasia can induce the be-
nign reversion of acute pancreatitis. Other studies showed that col-
lagen expression in the area of the pancreatic gland is gradually
reduced when pancreatic inflammation is relieved [23]. So, we pro-
pose that the high expression of collagen type I in acinar cells is a
defensive reaction to acute damage during pancreatic acute injury.

4.2. TGF-B1 plays a key role in regulating the expression of collagen
type |

TGF-B1 is mainly synthesized and secreted by inflammatory
cells such as lymphocytes, monocyte-macrophages, and platelets.
As a cytokine with multiple functions, TGF-1 regulates prolifera-
tion, differentiation, and the expression of extracellular matrix
proteins [24]. Recently, it has been increasingly recognized that
TGF-B1 plays a key role in wound healing [25]. TGF-B1 has been
found to be the most relevant and most representative growth
factor associated with scar formation. It is also the key cytokine

causing fibrosis [11,26]. TGF-B1 stimulates ECM production and
inhibits the activity of proteinases and matrix metalloproteinases
to promote ECM deposition, substantially inducing the synthesis
of pre-collagen type I and stimulating the synthesis of cellulose-
binding factor. TGF-B1 also provides a scaffold for collagen deposi-
tion, induces the formation of granulation tissue, and stimulates
repair after tissue damage [27]. It has been demonstrated that
the expression of TGF-B1 mRNA and collagen fiber deposition are
positively correlated in chronic pancreatitis [28]. PSCs play a key
role in the process of tissue fibrosis.

We believe that high expression of collagen type I is a defensive
response of acinar cells to acute pancreatitis. Whether the high
expression is also related to the regulation of the mRNA level of
TGF-B1 is unclear. In our study, the level of TGF-B1 mRNA was
low in the control group but constantly highly expressed during
inflammation. This result may be associated with the continuous
effects of large amounts of inflammatory cells in the pancreatic
inflammatory area. At the early stage of acute inflammation,
TGF-B1, as the predominant mediator, either alone or synergisti-
cally and either directly or indirectly plays a key role in the inter-
action between cells and the ECM. TGF-B1 causes acinar cells in the
peripheral area of pancreatic lobules to highly express collagen
type I, which then protects the acinar cells and islet tissue in the
center of the gland and maximally maintains the normal function
of the gland. It has been demonstrated that the injection of a
TGF-B1 neutralizing antibody can significantly reduce collagen
expression [29]. An in vitro study has shown that pre-treatment
of PSCs with the TGF-B1 antagonists bone morphogenetic proteins
(BMPs) significantly downregulates the expression of collagen type
I [30]. These findings suggest that TGF-B1 effectively regulates the
expression of collagen type I during acute pancreatitis.
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