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Expression of sonic hedgehog signaling pathways in a rat

model of chronic pancreatitis
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Objectives: To establish a rat model of chronic
pancreatitis, and to prove the activation of sonic
hedgehog (SHH) signaling pathways in chronic
pancreatitis.

Methods: This study was conducted between January
and July 2008 in the Department of General Surgery,
Wuhan General Hospital, Guangzhou Military
Command, Wuhan, China. Thirty Wistar rats were
randomly divided into 3 groups: control group (A),
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experimental control group (B), and model group (C)
(10 rats in each group). Trinitrobenzene sulfonic acid
was infused into the pancreatic duct to induce chronic
pancreatitisin the model group rats. In the experimental
control group, we opened the abdominal cavity and
infused with 0.9% sodium chloride solution. Serum
levels of bilirubin and amylase were determined by
radioimmunoassay.  Histopathological  alterations
were studied using the optical microscopy. Expression
of patched-1 (PTCH-1), smoothened (SMO), and
SHH were detected by immunohistochemistry.

Results: Compared with the control group (A), the
serum bilirubin and amylase in the model group
increased significantly after 7 days of treatment, and
fibrotic proliferation of pancreatic tissues were found
after 35 days; the expression of PTCH-1, SMO, and
SHH in the pancreatic tissue increased significantly in
the model group.

Conclusion: Trinitrobeneze sulfonic acid can induce
chronic pancreatitis in rat. The SHH signaling
pathway is activated in rats with chronic pancreatitis.

Saudi Med ] 2010; Vol. 31 (1): 14-17

From the Department of General Surgery, Wuhan General Hospital,
Guangzhou Military Command, Wuhan, Hubei Province, China.

Received 14th September 2009. Accepted 16th November 2009.

Address correspondence and reprint request to: Dr. Lu Qi-Ping,
Department  of General  Surgery, Wuban —General Hospital,
Guangzhou Military Command, Wuban 430070, Hubei Province,
China. Tél. +86 (27) 68878503. Fax. +86 (27) 68878108.
E-mail: ptwklgp @yahoo.com.cn

Sonic hedgehog (SHH) and its receptors patched
(PTC), and smoothened (SMO) are important
parts in the hedgehog signaling family. Sonic hedgehog
signal plays an important role in pancreas organogenesis
and differentiation. Berman et al' reported the role of
inappropriate activation of the SHH signaling pathway
in gastrointestinal tumors, including pancreatic cancer.
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Chronic pancreatitis (CP) is a chronic clinical disorder,
which is characterized by inflammation and fibrosis, and
finally the destruction of pancreas tissue.> As we know,
patients with chronic pancreatitis have a high risk of
developing pancreatic cancer, but the molecular basis of
this process is not clear.” The expression of SHH and its
receptors in chronic pancreatitis tissues of a rat model
has not been analyzed before. Since chronic pancreatitis
is frequently associated with pancreatic cancer, and
since SHH signaling has an important role in pancreatic
cancer, we established a chronic pancreatitis model
and evaluated the activation of SHH signal in chronic
pancreatitis tissues.

Methods. The present study was conducted between
January and July 2008 in the Department of General
Surgery, Wuhan General Hospital, Guangzhou Military
Command, Wuhan, China. All animal experimental
protocols were approved by the Animal Care and Use
Committee of Wuhan General Hospital of Guangzhou
Military Command, Wuhan, China and conformed
to the Guide for the Care and Use of Laboratory
Animals (National Research Council, Chinese Version,
1996).* Male Wistar rats weighing 200-250g were
provided by the Animal Center of Wuhan University.
Trinitrobeneze sulfonic acid (TNBS) was obtained
from the Sigma Chemical Company (Munich,
Germany). Radioimmunoassay kits of rat bilirubin
and amylase were purchased from Wuhan Tiangen
Science and Technology Ltd (Wuhan, China) Sonic
hedgehog, expression of patched-1 (PTCH-1), and
SMO polyclonal antibody were provided by the Santa
Cruz Company (Santa Cruz, CA, USA).

Chronic pancreatitis model. Thirty Wistar rats were
randomly divided into 3 groups: control group (A),
experimental control group (B), and model group (C)
(10 rats in each group). A chronic pancreatitis model was
induced in rats by infusion of TNBS into the pancreatic
duct. We opened the abdominal cavity of the rats in
the experimental control group and infused with 0.9%
sodium chloride solution. No treatment was carried out
in the control group.

Measurement of serum bilirubin and amylase. Blood
samples were obtained at different time points after
treatment, and serum levels of bilirubin and amylase
were determined by radioimmunoassay.

Mesurement of collagen expression. Five weeks after
the treatment, all rats were killed and the pancreatic
tissue samples were prepared for further analysis.
Pancreatic fibrosis was observed by masson staining of
paraffin sections of rat pancreatic tissue.

Immunohistochemistry staining. Parathn-embedded
rat pancreatic tissue was sliced with a thickness of 5pm.
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One of the slices was stained with hematoxylin-eosin,
and the others prepared for immunohistochemistry
staining. After all the slices went through an autoclave
(120°C, 15 Ib) for 15 minutes to expose the antigens
fixed by formalin, we treated them with H,O, for
30 minutes to eliminate intrinsic peroxidase. For
immunohistochemical staining, the sections were
incubated with the rabbit polyclonal anti-PTCH-1
antibody (Santa Cruz Biotechnology Inc, Santa Cruz,
CA, USA) diluted in 1:25, goat polyclonal anti-SMO
antibody (Santa Cruz Biotechnology Inc, Santa Cruz,
CA, USA) diluted in 1:25, and goat polyclonal anti-
SHH antibody (Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA) diluted in 1:50, at room temperature
for 3 hours.

Student’s t test and SPSS version 11.0 were used for
statistical analysis and p<0.05 was considered statistically
significant. Statistical analysis was performed by t-test
and ? test.

Results. Rats in the model group had chronic
pancreatitis 7 days after the treatment. Cellulose
adhesion could be observed around the pancreas of the
model rats. There was no such cellulose adhesion in the
control and experimental control groups.

Serum bilirubin and amylase increased gradually
after treatment in the model group. But in the control
and experimental control groups, no changes were
observed. This difference is statistically significant
after 7 days of treatment (p=0.017). The difference of
serum bilirubin and amylase between the control and
experimental control groups were not significant (Table
1). Masson staining showed a high expression of collagen
in the chronic pancreatitis tissue from the model group.
Whereas in the other 2 groups, the expression of
collagen is much lower than the model group (Figure
1). The PTCH-1 immunoreactivity was present in
the specimens from the model group. No signal was
present in the experimental control and control groups.
The SMO immunoreactivity was present mainly in
cytoplasmic specimens from the model group, but
it was negative in the other 2 groups. In the chronic
pancreatitis model group, the pancreatic tissue displayed
stronger immunoreactivity of SHH, compared with the
weak expression of SHH in the experimental control
group and the control group (Figure 2).

Discussion. The SHH signal pathway plays an
important role in embryo development and organ
patterning, such as the pancreas. The SHH ligand has
2 transmembrane receptors: PTCH-1 and SMO. In
the absence of SHH, PTCH-1 inhibits SMO activity.
When SHH is binded to PTCH-1, SMO will be
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Table 1 - Serum bilirubin and amylase in the 3 groups (mean+SD).
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Day Amylase (U/ L) Bilirubin (pmol/ L)
Control Experimental Model Control Experimental Model
group control group group group control group group
1 1014 + 115 1123 + 104 1124 + 143 2.45 +0.32 3.44+£0.54 3.17+0.21
3 1040 + 107 1102 + 121 1245 + 105 3.24 +0.45 3.24+0.72 4.32+0.16
1107 + 124 1034 + 142 1475 + 203 3.57 +0.34 3.31£0.73 8.36 +2.38
14 1054 + 110 1125 + 122 1782 + 221 3.05+1.72 3.51 +0.20 10.54 +2.52
21 1053 + 125 1122 + 105 1931 + 451 3.27 +1.04 3.45+0.82 13.57 £ 3.37
28 1130 + 151 1028 + 217 1743 + 382 3.35+1.24 3.28 £0.34 10.55 + 2.64
35 1013 + 142 1007 + 141 1522 + 169 3.27 £1.43 3.76 +£0.15 9.28 +2.15

Figure 1 - Collagen expression in the 3 groups. a) masson staining of collagen in the control group (400x); b) masson
staining of collagen in the experimental control group (400x) and, ¢) masson staining of collagen in the model

Figure 2 - Expression of expression of patched-1 (PTCH-1), smoothened (SMO), and sonic hedgehog (SHH) in the 3 groups. a)
PTCH-1 expression in control group (200x); b) PTCH-1 expression in experimental control group (200x); ¢) PTCH-1
expression in model group (200x) d) SMO expression in control group (200x); €) SMO expression in experimental control
group (200x); £) SMO expression in model group (200x), g) SHH expression in control group (200x); h) SHH expression

group (400x).

in experimental control group (200x) and, i) SHH expression in model group (200 x).
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activated. This will lead to the activation of the glioma-
associated oncogene homolog 1-GLI-1 transcription
factor, which induces the activation of some target
genes that regulate proliferation and differentiation.’
Persistent inflammation could induce the malignant
transformation of pancreatic ductal cells and cancer.
Some of these changes are observed in samples from
chronic pancreatitis.° In chronic pancreatitis, the
acinar injury leads to inflammation with continuous
infiltration of inflammatory cells and fibrosis.”
Hereditary pancreatitis patients have higher risk of
developing pancreatic cancer than other patients.® The
dysregulation of the SHH signaling has been reported in
pancreatic cancer.” For this reason, we established a rat
model of chronic pancreatitis in the present study, and
investigated the expression of SHH signaling pathways
in chronic pancreatitis. After we successfully built the
rats model of chronic pancreatitis, we found that the
model group had chronic pancreatitis 7 days after the
treatment, and cellulose adhesion could be observed
around the pancreas of the model rats. There was no
such cellulose adhesion in the control and experimental
control groups. Accordingly, serum bilirubinand amylase
increased gradually after the treatment in the model
group, but in the control and experimental control
groups, no changes were observed. Masson staining also
showed the high expression of collagen in the chronic
pancreatitis tissue from the model group. Whereas in
the other 2 groups, the expression of collagen is much
lower than the model group. These data show that our
method of creating a rat model of chronic pancreatitis
was available.

In our study, we found that in the chronic
pancreatitis model group, the pancreatic tissue displayed
stronger immunoreactivity of PTCH-1, SMO, and
SHH, compared with the weak expression of these 3
moleculars in the experimental control and control
groups. Our results show that SHH signaling is not
only active during human pancreatic development;
there is also an activation in pancreatic tissues during
the pathogenesis of CP.

The correlation of pancreatic cancer in patients with
chronic pancreatitis has provided evidence for a link
between pancreatic inflammation and cancer. Recently,
a report indicated that india hedgehog, another
member of the hedgehog family, may be the dominant
ligand expressed in both pancreatic cancers and chronic
pancreatitis.'
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Our data suggest that in CP, expression of SHH,
and its receptors may have the capacity to modulate
the growth of pancreatic cells, the co-localization of
PTCH-1, SMO, and SHH in CP further suggests that
activation of the SHH signaling pathway has a potential
role in the pathogenesis of CP. Sonic hedgehog signal
pathways may also play an important role in the
development from CP to pancreatic cancer. There is a
limitation in our study: we did not investigate SHH
signal in chronic pancreatitis tissue of patients. We will
study this issue in the future.
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