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Abstract

AIM: To study the expression of Sonic hedgehog
pathway-related molecules, Sonic hedgehog (Shh) and
Glil in gastric carcinoma.

METHODS: Expression of Shh in 56 gastric specimens
including non-cancerous gastric tissues, gastric
adenocarcinoma, gastric squamous cell carcinoma
was detected by RT-PCR, /n situ hybridization and
immunohistochemistry. Expression of Glil was observed
by /n situ hybridization.

RESULTS: The positive rate of Shh and Gli1 expression
was 0.0%, 0.0% in non-cancerous gastric tissues
while it was 66.7%, 57.8% respectively in gastric
adenocarcinoma, and 100%, 100% respectively in
gastric squamous cell carcinoma. There was a significant
difference between the non-cancerous gastric tissues
and gastric carcinoma (P < 0.05). Elevated expression
of Shh and Glil in gastric tubular adenocarcinoma
was associated with poorly differentiated tumors
while the expression was absent in gastric mucinous
adenocarcinoma.

CONCLUSION: The elevated expression of Shh and
Glil in gastric adenocarcinoma and gastric squamous
cell carcinoma shows the involvement of activated
Shh signaling in the cellular proliferation of gastric
carcinogenesis. It suggests Shh signaling gene may be
a new and good target gene for gastric tumor diagnosis
and therapy.
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INTRODUCTION

Sonic hedgehog (Shh), a mammalian homologue of
Drosophila secreted morphogen Hedgehog, is crucial
for the development of various embryonic tissues in
invertebrate and vertebrate development, including
brain, spinal cord, axial skeleton, limbs, lungs, gut, and
hematopoietic cells' . Shh is synthesized in epithelial
cells. Its membrane receptor Patchedl (Ptcl) is expressed
in adjacent mesenchymal cells. Ptcl, a 12-transmembrane
protein, does not transduce the intracellular signals by
itself. This task is executed by smoothened (Smo), a
7-transmembrane protein that belongs to heterotrimeric G
protein-coupled receptor (GPCR) family. In the absence
of Shh, Ptcl suppresses the activity of Smo by binding to
Smo. Upon Shh stimulation, Shh binds to Ptcl, and then
Smo is de-repressed from the suppression of Ptcl and is
able to transduce the intracellular signals to transcriptor
Gli. Gli transfers the signals into the nucleus'”.

Shh is implicated in the eatly expansion of developing
midbrain and also in the proliferation of granular cell
precursors in the cerebellum'®®. In human, likewise in
experimental models, the activated Shh signaling is thought
to predispose to the development of tumors” "%, The
role of the Shh pathway in the regulation of oncogenic
transformation is a new and exciting field. The study by
Berman e a/ suggests that this pathway may well offer
the potential for new treatments for medulloblastoma"",
The recent finding that Shh pathway activity is important
for growth of small cell lung cancers, a tumor type not
associated with Gortlin’s syndrome, suggested that other,
non-Gorlin’s tumors might require Shh pathway activity
for growth“w]. In the longer term, better understanding
of the regulatory role of this pathway may offer new
targets for therapeutic manipulation.
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Gastric cancer is the second most common cause of
cancer-related death in the world. Many Asian countries,
including Korea, China, and Japan, have very high rates
of gastric cancer'"”. By far, the mechanism of Hedgehog
signal in gastric cancer is still unclear. Here we studied
the role of Shh signaling pathway-related molecules, Shh
and Glil, in gastric adenocarcinoma and squamous cell
carcinoma by RT-PCR, immunohistochemistry and i situ
hybridization.

MATERIALS AND METHODS

Samples

A total of 56 specimens of gastric tissues were used in
our study. Fifty-six patients, who had undergone curative
gastrectomy between 2002 and 2005 from the Department
of General Surgery, Shandong Qilu Hospital affiliated
to Shandong University, or from Jinan Central Hospital,
Shandong Province, China, were enrolled in this study.
All of the resected primary tumors were histologically
examined by hematoxylin and eosin staining, and
confirmed by pathologists. These samples included five
resection specimens of non-cancerous gastric tissues,
ten well differentiated tubular adenocarcinoma, ten
moderately differentiated tubular adenocatcinoma, fifteen
poortly differentiated adenocarcinoma, seven papillary
adenocarcinoma, three gastric mucinous adenocarcinoma
and six gastric squamous cell carcinoma.

Immunohistochemistry

Representative formalin fixed and paraffin embedded tissue
sections (6 um thick) were used for immunohistochemistry
with specific antibodies to human Shh (Cat# 9024, Santa
Cruz Biotechnology Inc, Santa Cruz, CA). First, tissue
sections were deparaffinized, followed by rehydration
with serially decreased concentrations of ethanol, and
immersed in 3% H20:2 (in distilled water) for 10 min to
inhibit endogenous peroxidase activity. Following antigen
retrieval in citrate buffer (pH 6.0), the tissue sections were
incubated with normal goat serum to block nonspecific
antibody binding for 20 min at room temperature. The
sections were then incubated with primary antibodies (at
1:200 dilution) at 37°C in humid chambers for 2 h. After
washing with PBS 3 times, the sections were incubated
with biotinylated secondary antibody (goat anti-rabbit IgG)
and streptavidin conjugated to horseradish peroxidase
for 20 min at 37°C, followed by PBS wash. The sections
were incubated with DAB substrate for less than 30 min.
Haematoxylin was used for counterstaining. Negative
controls were performed in all cases by omitting the first
antibodies.

RT-PCR

Total RNA of cells was extracted by an using RNA
extraction kit (Promega). Total RNA templates were
isolated from 10 pg sections (10 um) of paraffin-embedded
tissue as described elsewhere!"”. Three micrograms of total
RNA were reverse transcribed by using M-MLV reverse
transcriptase (Promega) with mixture of oligo(dT)1s
and random primers (Promega). One-tenth of each RT
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reaction mixture was then subjected to PCR amplification
using Taq DNA polymerase (TAKARA). The PCR primers
for detecting specific transcripts are as below: for S45 sense
5-ACCGAGGGCTGGGACGAAGA-3’ and antisense 5’
-ATTTGGCCGCCACCGAGTT-3’ respectively. Following
denaturation at 94°C for 10 min, 35 PCR cycles wete
petformed at 94°C for 60 s, at 52°C for 50 s, and at 72°C
for 60 s. The PCR products wete analyzed by 0.7% agarose
gel electrophoresis.

In situ hybridization

Shh (1.38518) was subcloned in PbluescriptKS+. The
linearized pBlueScript-shh was obtained by digestion
with $ph 1 or Xmn 1 restriction endonuclease. Glil
(X07384) was cloned into pBluescript M13+KS. The
plasmid was digested with N7« I to generate the sense
fragment, with Nde I to generate the antisense fragment.
Sense and antisense probes were obtained by T3 and T7
in vitro transcription using a kit from Roche (Mannheim,
Germany). Tissue sections (6 um thick) were mounted
onto Poly-L-Lysine slides. Following deparaffinization,
tissue sections were rehydrated in a series of dilutions of
ethanol. To enhance signal and facilitate probe penetration,
sections were immersed in 0.3% Triton X-100 solution for
15 min at room temperature and in proteinase K (2 mg/mL)
solution for 20 min at 37°C, respectively. The sections
were then incubated with 4% (v/v) paraformaldehyde/PBS
for 5 min at 4°C. After washing with PBS and 10 X saline
citrate, the slides were incubated with prehybridization
solution (50% formamide, 50% 4 X SSC) for 2 h at
37°C. The probe was added to each tissue section at a
concentration of 1 g/mL and hybridized overnight at 42°C.
After high stringency washing (2 X SSC twice, 1 X standard
saline citrate twice, 0.5 X SSC twice at 52°C), sections were
incubated with an alkaline phosphatase-conjugated sheep
anti-digoxigenin antibody, which catalyzed a color reaction
with the NBT/BCIP (nitro-blue-tetrazolium/5-bromo-4-
chloro-3-indolyl phosphate) substrate (Roche, Mannheim,
Germany). Blue indicated strong hybridization. As negative
controls, sense probes were used in all hybridization and
no positive signal was observed.

Statistical analysis

Analysis was performed by using chi-square test and
correlation analysis with SPSS 11.0 software. P < 0.05 was
considered statistically significant.

RESULTS

Expression of Shh-mRNA in non-cancerous gastric
tissues and gastric carcinoma

Total RNA extracted in paraffin-embedded tissue was pure
enough to meet the need for RT-PCR. The length of RT-
PCR product was 211 bp. The results of RT-PCR showed
that expression of Shh was different in various tissue,
including non-cancerous gastric tissues, well differentiated
and poorly differentiated adenocarcinoma. Expression of
Shh was higher in gastric adenocarcinoma than in non-
cancerous gastric tissues (Figure 1), which was confirmed
by #n situ hybridization. The results of ir situ hybridization
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Figure 1 Results of Shh RT-
PCR. M: MarkerDL-2000;
1: Non-cancerous gastric
tissues; 2: Well differentiated
tubular adenocarcinoma; 3:
Poorly differentiated tubular
adenocarcinoma.

200 bp

Figure 2 Results of Shh expression by in situ hybridization, blue represents
positive. A: Non-cancerous gastric tissues (x 100); B: Well-moderately
differentiated tubular adenocarcinoma (x 100); C: Poorly differentiated tubular
adenocarcinoma (x 100); D: Papillary adenocarcinoma (x 100); E: Mucinous
adenocarcinoma (x 200); F: Squamous cell carcinoma (x 100).

showed that Shh mRNA was expressed in cytoplasm of
the fundic glandular epithelium and some stromal cells.
Shh was not or lowly expressed in non-cancerous gasttic
tissues’ glandular epithelium while overexpressed in about
66.7% (30/45) adenocarcinoma patients and in 100% (6/6)
gastric squmaous cell carcinoma (Figure 2A-F) (Table 1).
In tubular and papillary adenocarcinoma glandular
epithelium, the expression of Shh showed an increasing
trend among well differentiated, moderately differentiated
and poorly differentiated adenocarcinomas (Figure
2B-D), while expression of Shh was absent in gastric
mucinous adenocarcinoma (Figure 2E). In gastric
squamous cell carcinoma, expression of Shh was obvious
(Figure 2F). There was a significant difference between
the non-cancerous gastric tissues and gastric carcinoma

(P <0.05) (Table 1).

Figure 3 Results of Shh expression by immunohistochemistry (brown
represents positive). A: Non-cancerous gastric tissues (x 100); B: Well-
moderately differentiated tubular adenocarcinoma (x 100); C: Poorly differentiated
adenocarcinoma (x 100); D: Papillary adenocarcinoma (x 100); E: Mucinous
adenocarcinoma (x 200); F: Squamous cell carcinoma (x 100).

High expression level of Shh protein in gastric carcinoma
The results of immunohistochemistry showed that Shh
staining was detected in the fundic glandular epithelium
and in the stroma of the stomach (Figure 3A-F). Shh
protein was not or lowly expressed in non-cancerous gastric
tissues (Figure 3A) and was highly expressed in gastric
adenocarcinoma and gastric squamous cell carcinoma (Figure
3B-D, F). The results of Shh expression in various gastric
tissue were consistent with results of iz situ hybridization.
Shh was overexpressed in gastric adenocarcinoma
epithelium and squamous cell carcinoma epithelium
compared with non-cancerous stomach tissues glandular
epithelium. Shh expression was increased with malignant
degree aggravation in gastric adenocarcinoma (Figure
3B-D), while there was no or less expression of Shh in
gastric mucinous adenocarcinoma (Figure 3E).

Expression of transcriptor Gli1 in non-cancerous gastric
tissues and gastric carcinoma

As an Shh signaling transcriptor, Glil, was detected by
in sitn hybridization. It showed Glil was not or lowly
expressed in non-cancerous gastric tissues glands and
highly expressed in epithelium cytoplasm, in 57.8% (26/45)
gastric adenocarcinoma and 100% (6/6) squamous cell
carcinoma (Figure 4A-F) (Table 1). There was a higher
expression level of Glil in squamous cell carcinoma (Figure
4F). Also, it presented an increasing trend in tubular
adenocarcinoma with malignant degree aggravation (Figure
4B-D), while there was no or lower expression of Shh in
gastric mucinous adenocarcinoma (Figure 4E). There was
a significant difference between the non-cancerous gastric
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Table 1 Summary of expression of Shh and Gli1 in various types of gastric tissues

Tumor (17) Expression of Shh n (%) Expression of Gli1 7 (%) P value
Non-cancerous gastric tissues 5 0 (0.0 0 (0.0 0.01 <P<0.05
Adenocarcinoma 45 30 (66.7) 26 (57.8)
Tubular
Well differentiated (WD) 10 4 (40.0) 3(30.0)
Moderately differentiated (MD) 10 8 (80.0) 7 (70.0)
Poorly differentiated (PD) 15 13 (86.7) 12 (80.0)
Papillary 7 5(71.4) 4 (57.1)
Mucinous 3 0 (0.0) 0(0.0)
Squamous cell carcinoma 6 6 (100) 6 (100)

Figure 4 Results of Gli1 by in situ hybridization( blue represents positive). A:
Non-cancerous stomach tissues (x 100); B: Moderately differentiated tubular
adenocarcinoma (x 100); C: Poorly differentiated tubular adenocarcinoma (x100);
D: Papillary adenocarcinoma (x 100); E: Mucinous adenocarcinoma (x 200); F:
Squamous cell carcinoma (x 100).

tissues and gastric carcinoma (P < 0.05) (Table 1).

DISCUSSION

Shh is an important endodermal signal in endodermal-
mesenchymal interaction during vertebrate development
of the gut tube, especially to gastric gland[m. Because Shh
is expressed consistently in the endodermal epithelium of
the gut throughout the period of organogenesis and late
embryonic life, it is natural to suppose that its expression
is crucial for the differentiation and maintenance of gut
tube epithelium. Indeed, the heterozygous mutant mouse
for Shh shows various gastrointestinal defects, such as
intestinal transformation of stomach, annular pancreas,
and duodenal stenosis''”. Some of these defects may be
caused by the absence of Shh effects on the mesenchyme,
while others may reflect a direct action of Shh on epithelial

www.wjgnet.com

cells. Although the expression of Shh is essential for the
development of gut tube and the fundic glands of the
adult gastrointestinal tract, the role of Shh expression
has not been described in the gastric carcinogcnesis[l4’15].
We examined Sonic hedgehog signaling pathway related
molecules expression in non-cancerous gastric tissues and
in various types of gastric carcinoma. The results indicated
that Shh protein expression is closely correlated with
glandular epithelium differentiation in adenocarcinoma
and gastric squamous cell carcinoma. The increase of Shh
expression in tumor tissue is consistent with the results of
Berman ez al'?,

Gastric cancer is one of the leading causes of cancer
death worldwide. Because of its heterogeneity, gastric
cancer has been an interesting model for studying
carcinogenesis and tumorigencsis[w]. This study mainly
detected the expression of Shh and Glil in various types
of gastric carcinoma. The elevated expression of Shh
and Glil in gastric adenocarcinoma and squamous cell
carcinoma suggested the involvement of activated Shh
signaling in the cellular proliferation of certain type of
gastric carcinoma. Interestingly, there was no activation of
Shh signaling in mucinous adenocarcinoma. It implies that
there may exist different mechanisms in various gastric
carcinoma.

In all the tumors with elevated levels of Glil, expression
of Shh was also increased, suggesting that overexpression
of Shh may be responsible for elevated expression of
Glil in gastric adenocarcinoma. However, a high level of
sonic hedgehog expression was not always accompanied
by elevated Glil expression in adenocarcinoma (Table
1), indicating additional regulatory mechanisms for the
hedgehog pathway activation. In addition to the hedgehog
overexpression, other genetic alterations may be required
to activate the hedgehog pathway in gastric cancers,
such as Wnt, Notch signal pathway. Further study of the
relationship between Sonic Hedgehog and other signal
pathways may provide more evidences for a new and good
target gene for gastric cancer diagnosis and therapy.
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