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Abstract: Objectives: This study investigated the expression of Sonic Hedgehog (Shh) protein in gastric cancer, and
correlated it with clinicopathological parameters. The prognostic significance of Shh protein was analyzed. Methods:
Shh protein expression was evaluated in 113 cases of gastric cancer and 60 cases of normal gastric mucosa. The
immunoreactivity was scored semi quantitatively as: O = absent; 1 = weak; 2 = moderate; and 3 = strong. All cases
were further classified into two groups, namely non-overexpression group with score O or 1, and overexpression
group with score 2 or 3. The overexpression of Shh protein was correlated with clinicopathological parameters. Sur-
vival analysis was then performed to determine the Shh protein prognostic significance in gastric cancer. Results: In
immunohistochemistry study, nineteen (31.7%) normal gastric mucosa revealed Shh protein overexpression, while
eighty-one (71.7%) gastric cancer revealed overexpression. The expression of Shh protein were significantly higher
in gastric cancer tissues than in normal gastric mucosa (P < 0.001), which was statistically correlated with age (P =
0.006), tumor differentiation (P < 0.001), depth of invasion (P = 0.042), pathologic staging (P = 0.017), and nodal
metastasis (P = 0.019). We found no significant difference in both overall and disease free survival rates between
Shh overexpression and non-expression groups P = 0.168 and 0.071). However, Shh overexpression emerged as
a significant independent prognostic factor in multivariate Cox regression analysis (hazard ratio 1.187, P = 0.041).
Conclusions: Shh protein expression is upregulated and is statistically correlated with age, tumor differentiation,
depth of invasion, pathologic staging, and nodal metastasis. The Shh protein overexpression is a significant inde-
pendent prognostic factor in multivariate Cox regression analysis in gastric cancer.
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Introduction plex molecular mechanisms governing the pro-

gression and aggressiveness of the disease

Human gastric cancer (GC) is one of the most
common malignant cancers in gastrointestinal
tract worldwide [1], especially in China [2]. It
accounts for more than 95% of gastric tumors
[3]. Total resection of the cancer and adjacent
lymph nodes is considered as the only effective
curative treatment firstly [4]. However, despite
the rate of early detection by endoscopy has
increased and advances in surgical techniques,
the outcome of gastric carcinoma remains dis-
mal, the overall survival rate is still very low.
Proliferation, invasion and metastasis as a
whole is a major poor prognostic factor for gas-
tric cancer patients, understanding of the com-

remains a major problem. It is well known that
non-resolving inflammation [5, 6], especially
several key chemokine receptors and their
ligands play a critical role in carcinogenic, prolif-
erative, invasive and metastatic processes in
human cancers.

The Hedgehog (Hh) signaling pathway was ini-
tially identified during a mutagenesis screen
conducted by the fly geneticists Christiane
Nusslein-Volhard and Eric Wieschaus in 1978
[7]. The mutated gene corresponding to abnor-
mal denticle formation (hair-like projections)
resulted in flies that had the appearance like a
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Table 1. Association of Shh expression with the clinicopathological fea-

tures of 113 patients with GC

products in addition to
Shh were named Indian

Shh overexpression

Hedgehog (Ihh) and De-

Parameters - X sert Hedgehog (Dhh)
non-overexpression overexpression [9]. It is well known that
Gender 113 32 81 Hh signaling pathway
Male 73 17 56 0.109 plays a critical role dur-
Female 40 15 25 ing vertebrate embryon-
Age (years) ic development. Hh is
<60 75 15 60 0.006 secreted to bind to its
>80 38 17 21 receptors Patched (Pt-
Tumor size (cm) ch) which .|s present in
<5 47 17 30 0118 cytoplasmic .m.embrane
of the receiving cells.
>5 66 15 51 Upon Hh binding to
Tumor location Ptch, Smoothened (Sm-
Proximal 1/3 42 15 27 0.180 0) is activated to signal
Distal 2/3 71 17 54 downstream, a seven-
Macroscopic type transmembrane-span
Early gastric carcinoma 19 6 13 0.732 recept(?r like protein
Borrmann type 1 8 3 5 gssi",ntlal ffl?'rhth.eg tr?ng
uction o signaling.
Borrmann type 2 35 & 21 Smo facilitates the in-
Borrmann type 3 32 1 2 teraction of different Hh
Borrmann type 4 19 4 15 downstream  effectors
Differentiation in the primary cilia, re-
Well to moderately 34 19 15 <0.001 sulting in the proteolytic
poorly 79 13 66 processing activation of
Depth of invasion glioma-a§sociated9npo-
7172 50 19 31 0.042 gene (Gli) 'transcr|pt|on
1374 63 13 50 ngr family members
Pathologic staging
-l 54 21 33 0.017 Hh signaling pathway
n-1v 59 11 48 has been identified as
Nodal status one of the key players in
NO M 17 24 0.019 human cancers [11],
N1-3 72 15 57 Shh is the .maJor geng
Distant metastasis eXpressed. n the lumi-
nal gastrointestinal tra-
Absent 87 20 67 0.021 ct [12]. Many studies
Present 26 12 14 have demonstrated that
local recurrence Shh is a key signaling
no 102 28 74 0.533 pathway in the tumori-
yes 11 4 7 genesis [13]. Shh sig-

Significance level: P < 0.05.

hedgehog. In flies, the pathway is initiated by a
471-residue protein called Hedgehog. However,
its prototypical mammalian counterpart was
named Sonic Hedgehog after the Sega video
game character. Eventually, three mammalian
Hh genes activating the same signaling path-
way were identified [8]. The other two gene
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naling pathway abnor-

mal activation and/or

Shh protein overexpres-
sion in the human body may induce a variety of
malignancies, and has been shown to be con-
tributed to many human malignant tumors pro-
gression [14]. However, is Shh signaling path-
way involved in the occurrence, development,
invasion and metastasis process of GC is
unclear? Therefore, the aim of this study was to
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Figure 1. Immunoreactivity in normal gastric glands and gastric carcinoma. A: Normal gastric glands showing nega-
tive immunostaining (absent), B: Weakly positive immunostaining in a moderately-differentiated adenocarcinoma,
C: Moderately positive immunostaining in a poorly-differentiated adenocarcinoma, D: Strongly positive immunos-

taining in a poorly-differentiated adenocarcinoma.

demonstrate the relationship of Shh expres-
sion with clinicopathological parameters and
prognosis in GC.

Materials and methods
Patients and clinical data

The study was approved by the Institutional
Review Board and Human Ethics Committee of
Southwest Hospital, the Third Military Medical
University. Written consent for using the sam-
ples for research purposes was obtained from
all patients prior to surgery.

Prospectively collected data of 113 patients
(73 males and 40 females) with GC who were
underwent surgical resection with radical total
or subtotal gastrectomy and lymph node dis-
section at the Southwest Hospital, the Third
Military Medical University (Chongging, China)
between 2008 and 2009. All of the patients did
not receive radio- or chemotherapy prior to gas-
trectomy. The age distribution was from 22 to
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75 years, and the mean age was 54.37 + 12.41
years. Relevant Pathological reports were all
reviewed to determine pathological features
including tumor size, location, macroscopic
type, differentiation, depth of invasion, nodal
status, local recurrence status, distant metas-
tasis and pathological staging. The clinicopath-
ological parameters of the patients are summa-
rized in Table 1. Tumor pathologic staging
classified according to the 7th Union Inter-
national Cancer Control (UICC) TNM staging
system [15].

Immunohistochemistry analysis

For each case, at least one or more blocks of
tumorous, non-tumorous tissues and lymph
nodes were retrieved for immunohistochemis-
try (IHC) study. A previously described IHC stain-
ing procedure was performed [16]. Consecutive
corresponding 4 mm-thick sections were cut
from each study block, and the tissue sections
were deparaffinized by immersion in xylene and
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Table 2. Uni-variate analysis of prognostic factors in 113
patients with Gastric Carcinoma

peroxidase activity. The sections
were blocked with 10% normal rab-
bit serum at room temperature for

Variables Hazard ratio 95% Cl P
60 minutes to prevent non-specific
Gender . . .
Male 1 immune !reactlons. The sI!des were
shaked lightly and then incubated
Female 1.108 0.927-1.504  0.127 overnight with primary antibody at
Age (years) 4°C in humid chambers. A 1:100
<60 1 dilution of rabbit monoclonal anti-
> 60 1.768 0.567-3.343  0.013 human to Shh antibody (EP1190QY,
Tumor size (cm) Epitomics Catalog No. 1843-1,
<5 1 Acam®) was used as the primary
>5 2.722 1.104-3.275 0.008 antibody. Subsequently, rinsed the
Tumor location sllid(.as with PBS, a 1:2OQ dilultion of
Proximal 1/3 1 b|o(;un-marl;§t()j dgoat antl-ra?bl(;t se(:j-
) ondary antibody was applied an
Distal 2/_3 0.804 06441137 0171 the mixture were reacted at 37°C for
Macroscopic type 60 minutes and followed by a perox-
Early gastric carcinoma 1 idase-marked streptavidin for an
Borrmann type 1-4 1.648 0.862-3.361 0.036 additional 10 minutes. The reaction
Differentiation was visualized by adding 3, 3'-diami-
Well to moderately 1 nobenzidine tetrahydrochloride,
poorly 2.014 1.179-4.193  0.006 reacted for 5 minutes. The slides
Depth of invasion were finally counterstained with
T1.72 1 hematoxylin, dehydrated after a
1374 1948 0.709-3.467 0.034 standard proced.ure and sealed with
i ) coverslips. Sections that had been
Pathologic staging treated with PBS instead of primary
Hi 1 antibody were used as a negative
-V 4.207 2.364-8.502  <0.001 control. A total of 3,137 lymph nodes
Nodal status were resected from the 113 patients
NO 1 and two independent observers,
N1-3 5.341 2.076-11.147 <0.001 blinded to each patient's data,
Distant metastasis scored all of the samples. If discrep-
Absent 1 ant, a pathologist reviewed the
Present 5712  357610.218 <0.001 cases, and a consensus was finally
reached.
local recurrence
no 1 Follow-up
yes 2.708 0.973-5.066 < 0.001
SHH overexpression Follow-up data were recorded from
negative 1 the patient’s medical records and by
positive 1.469 0.847-4.178  0.093 a telephone survey performed every

Cl: confidence interval; significance level: P < 0.05.

3 months for the first 3 years after
surgery, every 6 months thereafter.
Overall survival (OS) was measured

rehydration in a series of graded concentra-
tions of alcohol. 10 Mm citrate buffer solution
(pH 6.0) was added to the samples for 10 min-
utes to augment the expression of antigen in
the tissues. The samples were then treated
with 3% hydrogen peroxide solution at 37°C for
15 minutes and rinsed with phosphate-buff-
ered saline (PBS) to quench the endogenous

5147

from the date of surgery to the date of death
from any cause or date of last follow-up.
Disease-free survival (DFS) was defined as
from the date of surgery to the time of first
relapse confirmed by imaging modalities or last
follow-up. The median post-operative follow-up
period was 43.6 months (range, 6~78 months)
in 113 patients. During the follow-up period,
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Table 3. Backward multi-variate analysis of SHH pro-

tein expression and other prognostic factors in
patients with GC

113

Variables Hazard ratio 95% Cl P
Age (years)

<60 1

>60 2.643 1.477-4.302 0.007
Pathologic staging

-1 1

-1V 2.718 1.629-4.833 0.026
Nodal status

NO 1

N1-3 3.762 1.824-6.416 0.037
Distant metastasis

Absent 1

Present 2.106 1.718-5.429 0.008
local recurrence

no 1

yes 1.638 0.724-3.908 < 0.001
SHH overexpression

negative 1

positive 1.187 0.614-4.736  0.041

Cl: confidence interval; significance level: P < 0.05.

forty-seven patients (41.6%) were still alive, but
sixty-six patients (58.4%) died. The overall
mean + SEM survival time of the 113 patients
was 38.3 + 2.1 months. There was no periop-
erative mortality.

Statistical analysis

All statistical analysis was carried out using
SPSS software (IBM SPSS Statistics version
19.0). Continuous variables were expressed as
the mean * standard deviation (SD, X * s).
Group comparisons of categorical variables
were evaluated using the chi-square test and
correlation coefficient analysis. The cumulative
overall survival rates and disease free survival
rates were calculated using the Kaplan-Meier
method and the differences in survival rates
between Shh overexpression and non-expres-
sion groups were analyzed by the log-rank test.
To found the significant prognostic impact of
Shh overexpression compared with other
established prognostic factors, overall survival
was performed using the Cox proportional haz-
ard model. Continuous variables were coded as
binary variables for uni and multivariate Cox
regression analysis, independent prognostic
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factors were also evaluated by backward
multivariate analysis. The p values of less
than 0.05 were considered to indicate dif-
ferences statistically significant.

Results

Shh protein expression was upregulated in
gastric carcinoma

Expression levels of Shh protein were deter-
mined by IHC in 113 GC samples, 81
patients (71.7%) revealed Shh protein over-
expression. 19 (31.7%) cases out of 60 nor-
mal gastric tissues revealed Shh protein
overexpression. The Shh immunostaining
patterns are shown in Figure 1. Shh protein
was observed high expressed in tumor cells
but low in normal gastric glands, with the
difference being statistically significant (p <
0.001).

Overexpression of shh protein was statisti-
cally correlated with age, tumor differentia-
tion, depth of invasion, pathologic staging,
nodal status and distant metastasis

The significance of the difference between Shh
overexpression and other clinicopathological
parameters was determined by Chi-square test
(Table 1). Gender, tumor size, tumor location,
macroscopic type and local recurrence in the
Shh immunostaining patterns are shown no dif-
ference. There was a statistically significant
correlation between Shh protein overexpres-
sion and age (P = 0.006). Patients aged less
than 60 years had a higher rate of Shh protein
overexpression (80%) than those of 60 years or
older (55.3%). Shh protein overexpression was
statistically significant correlated with tumor
differentiation (P < 0.001). Only 15 (44.1%) of
well to moderately-differentiated carcinoma
among the 34 cases exhibited Shh protein
overexpression. However, 66 (83.5%) of poorly-
differentiated carcinoma among the 79 cases
displayed Shh protein overexpression. We
observed that poorly-differentiated type tumors
more frequently expressed Shh protein than
those of the well to moderately-differentiated
type. Shh protein overexpression was also
noticed statistically correlated with the depth
of tumor invasion (P = 0.042). 31 (62.0%) of T1
and T2 tumor (invasion not beyond muscularis
propria) in 50 cases displayed Shh protein over-
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expression. In contrast, 50 (79.4%) of T3 and
T4 tumor (invasion of subserosa or deeper) of
63 cases presented Shh protein overexpres-
sion. A statistical difference was found between
Shh protein overexpression and tumor nodal
status (P = 0.019). The rates of Shh protein
overexpression were 79.2% (57 cases) in the
72 cases with nodal invasion and 58.5% (24
cases) in the 41 cases with no invasion respec-
tively. Shh protein overexpression has also
showed a statistical correlation with pathologic
staging (P = 0.017). There were 33 (61.1%)
among the 54 stage | and Il cases revealed Shh
protein overexpression. In contrast, 48 (81.4%)
of 59 cases at stage lll and IV with Shh protein
overexpression. Our data thus revealed that
advanced stage tumors were likely to overex-
press Shh protein than tumors with early stage.
Finally, Shh protein overexpression was statisti-
cally correlated with distant metastasis (P =
0.021). 14 (53.8%) out of 26 cases with distant
metastasis possessed Shh protein overexpres-
sion, and 67 (77.0%) out of 87 cases with no
distant metastasis showed overexpression of
Shh protein. Therefore, there was a negative
statistical correlation between Shh protein
overexpression and distant metastasis. In addi-
tion, correlation coefficients were calculated.
The correlation coefficient (r) and P value in sta-
tistically significant variables were as follows:
age (r = -0.259, P = 0.006), tumor differentia-
tion (r = 0.401, P < 0.001), depth of invasion (r
= 0.191, P = 0.042), pathologic staging (r =
0.224, P = 0.017), nodal status (r = 0.220, P =
0.019) and distant metastasis (r = -0.216, P =
0.021).

Expression of shh protein was a significant
independent prognostic factor in multivariate
cox regression analysis

The data of 113 patients were enrolled for over-
all and disease free survival analysis. The over-
all survival rate among the 81 patients with Shh
protein overexpression was 34.6%, and among
the 32 without overexpression was 59.4%. The
disease free survival rates in Shh protein over-
expression group and non-overexpression
group were 14.8% and 21.9%, respectively.
There was no statistical significant difference
between the Shh overexpression and non-over-
expression groups in overall and disease free
survival rates (log rank test P = 0.168 and
0.071), but did indicate a tendency for patients
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with Shh protein over-expression to have a
shorter overall survival and disease free sur-
vival than those without overexpression.

The univariate Cox regression analysis of prog-
nostic markers is summarized in Table 2. The
overall survival was statistically correlated with
age, tumor size, macroscopic type, tumor dif-
ferentiation, depth of invasion, Pathologic stag-
ing, nodal status, distant metastasis and local
recurrence. Shh protein overexpression was
not statistically correlated with overall survival
in univariate analysis (P = 0.093). However,
backward multivariate Cox regression analysis
showed that Shh protein overexpression was
an independent prognostic marker for overall
survival. Patients in the Shh protein overex-
pression group had a statistically significant
shorter overall survival rate compared with
patients in the non-expression group (hazard
ratio 1.187, 95% confidence interval 0.614 -
4.736, P = 0.041) (Table 3). Other co-variables
of prognosis included age, pathologic staging,
nodal status, distant metastasis, and local
recurrence.

Discussion

GC is an aggressive and lethal cancer. Patients
with this carcinoma are usually treated at an
advanced stage, and the prognosis remains
poor despite the development of modern diag-
nostic methods and advanced open or laparo-
scopic surgery. Therefore, it is necessary to
research the mechanisms responsible for the
characteristic growth and metastasis of GC.
The Hedgehog family proteins are involved in
controlling almost every aspect of the verte-
brate body plan, such as cell growth, survival,
fate, and pattern. The function of Hh ligands
have been detailed in developmental biology,
recent work has focused on understanding of
their role in adult tumorigenesis and tumor pro-
gression, for example, basal cell, medulloblas-
toma, pancreatic cancer and some types of
tumors in digestive tract [17-19]. Shh gene is
the most similar to the original Drosophila
hedgehog and is the most important Hh iso-
form for the formation and progression in vari-
ous carcinomas. Aberrant Shh has been report-
ed in lung cancer, prostate cancer, superficial
bladder cancer, pancreatic cancer, colorectal
cancer and hepatocellular cancer [20-25].
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Shh has been hypothesized to play a crucial
role in the carcinogenesis and metastasis of
gastrointestinal cancers. Reports showed that
Shh expression level observed in the colon is
higher than in the small intestine, but signifi-
cantly highest in the stomach [17, 26]. The spe-
cific role of Shh in gastrointestinal tumors is not
quite clear. In human colon cancer the expres-
sion of Shh signaling proteins have been exam-
ined, one study reported that Shh, Ptch and
Smo expression was up-regulated in hyperplas-
tic polyps, adenomas, and adenocarcinomas,
and Shh expression correlated with prolifera-
tion in all lesions examined [27], Shh may be a
trigger in the colon and rectum [28]. In contrast,
other studies demonstrated that Hh signaling is
involved rather in constant differentiation and
renewing of the colonic lining epithelium than in
cancer formation, growth, or proliferation [29].
With regard to Shh signaling in gastric physiol-
ogy, one study reported that disruption of Shh
expression during inflammation was correlated
with the development of gastric cancer [30],
another also admitted that the absence of Shh
correlates with neoplastic transformation [31].
However, other studies hold the opposite posi-
tion, significant overexpression of Shh was
detected in H. pylori-infected gastric cancer
[32], and Shh was also found to promote pro-
gression and invasiveness of gastric cancer
cells [33, 34]. To date, the role of Shh expres-
sion in human gastrointestinal cancers is not
well understood.

Although an association between Shh expres-
sion and gastric carcinoma has been docu-
mented, the clinicopathological correlations
and the prognostic significance of Shh protein
overexpression in gastric carcinoma had not
been clearly studied. In this study, we evaluat-
ed the Shh protein expression in gastric carci-
noma and non-tumor gastric tissues via IHC
staining. Our data indicated that increased Shh
was found in 71.7% cases of gastric carcinoma.
Shh protein expression was significantly higher
in GC tissues than in normal gastric mucosa. In
gastric carcinoma, there is no evidence Shh
overexpression was associated with the clinico-
pathological characteristics of gender (P =
0.109), tumor size (P = 0.118), tumor location
(P = 0.180), macroscopic type (P = 0.732) and
local recurrence (P = 0.533). We found Shh pro-
tein overexpression to be statistically correlat-
ed with age. Patients less than 60 years possi-
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bly more frequently expressed Shh protein than
elders. Shh protein overexpression was also
found to be statistically significant correlated
with tumor differentiation. Poorly-differentiated
tumors more frequently expressed Shh protein
than well to moderately-differentiated ones in
gastric carcinoma. Shh protein may be acts as
a tumor promoter, and upregulates gastric car-
cinoma carcinogenesis, consistent with the
results of most reports that increased Shh
expression was related to the gastric carcino-
genesis [35, 36]. The finding between Shh
expression and tumor differentiation has been
noted in various malignancies. In prostate car-
cinoma, high levels of Shh expression can spe-
cifically and directly induce differentiation in
pre-osteoblasts and subsequent contribute to
bone metastasis [37]. In medulloblastoma,
activated Shh signaling pathways are impor-
tantfor cell differentiated [38]. Highly expressed
Shh mRNA is an early event in the development
of intraductal papillary mucinous neoplasms
[39]. Shh expression strongly correlated with
the myogenic histopathological differentiation
in human intestinal stromal tumors [40]. The
activity of the Shh altered the gastric differen-
tiation and decreased gastric acid secretion
that is the predominant function of the stom-
ach [41], this may be one of the main reasons
in the development of GC.

Shh was also found to be statistically correlat-
ed with tumor progression. It has been impli-
cated in several cancer-related processes,
such as invasion and metastasis [42]. The role
of Shh in regulating tumor growth and develop-
ment is clearly complex and highly tissue-
dependent. In some cases Shh acts as a tumor
promoter [28], and in others it functions as a
tumor suppressor [30]. In current immunohisto-
chemical study, glands T3, T4 and stage lll, IV
were frequently observed with Shh protein
overexpression than T1, T2 and stage |, Il. In
addition, Shh protein overexpression was
noticed statistically correlated with tumor nodal
status. Further more, Shh protein overexpres-
sion has also showed a statistical correlation
with distant metastasis. The Shh protein is thus
thought to be involved in the invasion and
metastasis of gastric carcinoma.

Shh has been reported to be a prognostic

marker in human cancers. In Yoshizaki’s study,
Patients with higher Shh expression in human
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intestinal stromal tumors have a significantly
higher tumor risk category and bigger tumor
size [40]. Che et al demonstrated that Shh sig-
naling activation shortened disease-free sur-
vival in patients with hepatocellular carcinoma
[43]. For patients with gastric carcinoma, the
prognostic significance of Shh is controversial.
Saze et al reported that patients with high lev-
els of Shh and Ptchl mRNA had a poorer prog-
nosis [34], but Kim et al demonstrated that Shh
level may be a good prognostic indicator of gas-
tric cancer [44]. Such a wide variety of func-
tions is possibly attributed to the type of
responding cells, the time cells are exposed to
Shh, and the dose of Shh cells received.
Although no statistical significance via Kaplan-
Meier method, our study showed a tendency for
patients without Shh protein overexpression to
have a longer overall survival and disease free
survival than those with Shh overexpression. In
addition, Shh protein overexpression was found
to be a significant independent prognostic fac-
tor for gastric carcinoma in multivariate analy-
sis. Patients with Shh protein overexpression
possibly had a statistically significant shorter
survival period.

Considering the results of the current study, we
concluded that in patients with advanced gas-
tric carcinomas, Shh protein has an effect to
promote carcinogenesis, progression, and in-
crease cancer mortality. Several schools of
thought with respect to the role of the Shh
might account for the different findings. First,
Shh protein is subjected to mediates autocrine
or paracrine signaling either initiates or sup-
ports neoplastic epithelial-to-mesenchymal
transformation related to immunohistochemi-
cal staining in human gastric cancer [45, 46].
Second, chronic inflammation in gastric mu-
cous is possibly to be an important mechanism
to determine whether Shh expression is acti-
vated or becomes sustained [13]. Third, Shh
generated by the acid-producing parietal cells
is known to form a concentration gradient and
in turn exert a subsequent differential effect on
gene expression. Last, transcription factors
Glil is the main nuclear mediator of mammali-
an Shh signaling [47]. Glil transcript was found
two shorter isoforms, an N-terminal deletion
variant (Gli1AN) [48] and a truncated Glil
(tGli1) [49]. Notably, The tGlil isoform is exclu-
sively expressed in tumor tissue and has direct
targets including CD24, VEGF-A, MMP-2, and
MMP-9, leading to increased tumor size,
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increased cell motility, increased tumor inva-
siveness, and increased tumor angiogenesis
[50]. Gli1 can be regulated by non-hedgehog
signaling pathways in addition to canonical Shh
signaling, indicates the possibility that some
previous reports attributed to Shh may have
been due to tGlil, so it is important to deter-
mine whether Shh pathway regulates tGlil
expression or not.

In summary, we demonstrated that Shh protein
is upregulated in gastric carcinoma. Overex-
pression of Shh protein was statistically corre-
lated with age, tumor differentiation, depth of
invasion, pathologic staging and distant metas-
tasis. The Shh protein overexpression was a
significant independent prognostic factor for
patients with gastric carcinoma in multivariate
Cox regression analysis. Shh might work as a
promising target for prognostic prediction in
patients with gastric cancer.
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