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<ABSTRACT>

Expression analysis of Hedgehog signaling component
in human gallbladder cancer

Hong Jeoung Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professd@eung Woo Park)

Background: Although gall bladder (GB) cancer is not a commeplasm,

it shows significant geographic variation in inadde. GB cancer is often
diagnosed in advanced stage, obviating curativectiesi. In advanced stage
GB cancers are not amenable to radiotherapy or ati@rapy. It is necessary,
therefore, to elucidate molecular mechanism leadmgcancer in order to
develop effective treatment methods.

Hedgehog (Hh) protein is an essential moleculenfomal development of the
gastrointestinal tract and the maintenance of teenscell population, and
disruption of Hh signaling is linked to various gfagtestinal tumors. Bmi-1,
which is a member of polycomb gene, has recentynbeéentified to play a role
in the regulation of stem cell self-renewal andchion as a downstream target
of the Hh pathway. Deregulation of these procedsesg carcinogenesis may
result in derangement in a stem cell compartmekéyaevent in carcinogenesis.
Strategies aimed at inhibiting these pathways sgmiea rational therapeutic
approach to target cancer stem cells.

AIMS & METHODS: We performed Hh immunohistochemical staining (IHC)



and reverse transcription-polymerase chain readi®i-PCR) to investigate
the role of Hh signaling and Bmi-1 in human GB eamcWe also analyzed the
change of expressions according to tumor stagedagdee of differentiation.
The GB cancer samples were obtained from patiehts wderwent radical
surgery for GB cancer at the Severance hospitah flanuary 2000 through
June 2006. Immunohistochemical staining was cauigdising formalin-fixed
paraffin section and RT-PCR using fresh frozenugsfor the Hh signaling
components (Shh, Ptc-2, Gli-1) and Bmi-1.
RESULTS: Among the total of 59 patients, 19(32.2%) were anahnd
40(67.8%) were female. Mean age was 61(range: 2§&s. On RT-PCR, the
Ptc-2, Gli-1, and Bmi-1 mRNA levels were increasadhuman gallbladder
cancers compared to non-tumorous tissue. On imnistechemical staining,
77.0 % (47 of 59), 80.4% (49 of 59), 77.0% (47 9f,nd 71.2% (42 of 59) of
the GB cancers were positive for Shh, Ptc-2, Glatdd Bmi-1, respectively.
The expressions of Shh, Bmi-1, Ptc-2, and Gli-Ih(®k 0.002; Bmi-1 and Ptc-
2 p<0.001; Gli-1p = 0.001) was, however, inversely correlated with dum
stage, showing more robust expression in tumofs @atlier stage.
There was no difference in the levels of expresaiuththe degrees of histologic
differentiation of tumors. (Shp = 0.108; Bmi-1p = 0.689; Ptc-2 = 0.804;
Gli-1 p = 0.613). Strong expression of Bmi-1 gene wasaat with longer
survival (shhp = 0.276; Bmi-1p = 0.025; Ptc-2 = 0.626; Gli-1p = 0.574).
CONCLUSION: The results suggest that the Hh signaling patharay Bmi-1
may play a role in the initiation of GB carcinogsise As cancers progress,

they become less dependent on the Hh signalin@amel.
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Hong Jeoung Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professd@eung Woo Park)

|. INTRODUCTION

Stem cells are characterized by their ability t6-ew as well as generate
differentiated cells within each organ. There isré@sing evidence that these
cells or their immediate progeny may be targetgriorsformation. Early events
in carcinogenesis may involve deregulation of steth self-renewal that leads
to a clonal expansion of initiated stem célSA number of developmental
signaling pathways, such as Wnt, Notch, and hedgelidh), have
independently been implicated in tumor progressadn multiple organs,
including the blood, brain, skin, colon and pansréaFurthermore, evidence
that these pathways influence one another duringotuprogression is
accumulatind*°

Hh protein is an essential molecule for gastrotimaktract development as
well as maintenance of stem cell compartment, dmdetis a link between
disruption of the Hh signaling pathway and somergagestinal tumorigenesis.

Among the three Hh ligands (Shh, Ihh, Dhh) in mamsmia has been reported



that Shh shows the broadest expression patterms,tas also involved in
gastrointestinal tumorigenesis. Although the un@@ding of Hh signaling has
progressed during the last few years, further rekeia necessary to clarify the
complex nature of this signaling pathway. The resgoto the Hh signal is
controlled by two transmembrane proteins, the tusuppressor Patched (Ptc)
and the proto-oncogene Smoothened (Sh®io is a member of the seven
transmembrane—receptor famifyand its activity is suppressed by the twelve—
span transmembrane Ptc. Upon binding to Hh ligams, releases this
inhibition, which leads to Smo activation of a wariptional response.
Expression of Hh ligand and mutational inactivatadrPtc both have the effect
of constitutive activation of Smoothened (Smo), @rGtein coupled receptor
family protein regulated by Ptc. Downstream targefsthe pathway in
vertebrate include transcription factor Gli-1, whis related to development of
basal cell carcinomas and medulloblastofas.

It has recently been shown that Bmi-1, a polycomfieg@lays a role in the
regulation of hematopoietic and neural stem celi-remewal. Bmi-1 may
function as a downstream target of the Hh pathvizsregulations of these
pathways during carcinogenesis may lead to stehexpansion, a key event in
carcinogenesis. These results suggest that seategined at inhibiting these
pathways represent a rationale therapeutic apptoaeinget cancer stem cells.
On the other hand, Gallbladder cancer, which iguestly diagnosed at later
stage, is an unfavorable tumor showing aggressoledic nature, especially in
advanced stage. Advanced gallbladder cancers are ameenable to

chemotherapy or radiotherapy. The overall five-ymawival rates vary from O



to 12% in most reported seri¥sAt present, only surgical resection of all
apparent tumor is associated with improved fiveryaavival'>*’ Therefore,
urgent efforts are needed for identification of @amspecific cellular targets
that might form the basis for innovative therapeatiproaches.

Recent studies have shown that the Hh pathway jragsrtant roles in cell
differentiation, tissue patterning, and embryonavelopment’™ The role of
the Hh pathway in human gallbladder cancers, howasestill unclear, and
there is little information available about the eegsion of Hh signaling and
Bmi-1 in a series of human gallbladder cancer.

The purpose of this study, therefore, is to ingedé the expression of Hh
pathway signaling proteins in gallbladder cancéfs.elucidated the role of Hh
signaling and the polycomb gene Bmi-1 in the fororabf gallbladder cancer.

In this study, we tried to reveal the correlatibesween the expression of the
Hh signaling pathway and Bmi-1 and the variousiatipathologic factors, such

as age, lymph node metastasis, pathology, and tstage of gallbladder cancer.



II. MATERIALS AND METHODS

We performed RT-PCR and immunohistochemical stginm evaluate the
differences according to tumor stage and diffeadiath of adenocarcinoma, and
also to investigate the role of the Hh signalinghpay including sonic
hedgehog (Shh), Patched-2 (Ptc-2), Gli-1, and Bmial downstream

transcription factor, in human gallbladder cancer.

1. Subjects

The human gallbladder cancer samples were obtdimed patients who
underwent routine surgery for gallbladder cancehatDepartment of Surgery,
Severance hospital from January 2000 to June 2@0gically resected
specimens from patients with gallbladder cancer ewaxamined by
immunohistochemical staining and RT-PCR for abdrmxpression of Hh

signaling components (Shh, Ptc-2, Gli-1) and Bmi-1.

2. Methods
A. Immunohistochemical Staining for Shh, Bmi-1, Ptc2and Glil
Immunohistochemical staining was performed to stuadiered protein
expression in 59 human gallbladder cancer tissdash antibody was from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, Y®Ammercially available
rabbit monoclonal antibodies agonist Shh (1:10@)j-B (1:100), Ptc-2 (1:100),
Gli-1 (1:100), were used as primary antibodies.

The 59 gallbladder cancer tissue were frozen amgdtin liquid nitrogen



until further use. For the immunohistochemical gfudome of these tissue
specimens were fixed in 10% neutralized bufferean&din solution for 24
hours. Each patient’s clinical status was clagsifiecording to the pathological
stage of the tumor size, lymph node, and metas(@diblM) classification
system®

In short, a paraffin section of the gallbladderaartissue from a patient was
deparaffinized with xylene and rehydrated in PBS.

Antigen retrieval was processed by submergingtiate buffer (pH 6.0) and
micro-waving. The sections were then treated whih I3ydrogen peroxide in
methanol to quench the endogenous peroxidasetgctvilowed by incubation
with 1% BSA to block the non-specific binding. Themary monoclonal anti
Shh, Ptc-2, Gli-1, and Bmi-1 antibody (1:100, Sa@raiz, CA, USA) were
incubated overnight at £ . After washing, the tissection was immersed in
brown 3.3'-diaminobenzidine hydrochloride (DAB) isiag or AEC (3-amino-
9ethyl carbazole) as a substrate; then it was eostained with 10% Mayer's
hematoxylin, dehydrated, and mounted by crystal mhoThe degree of
immunostaining of the formalin-fixed, paraffin endoed sections was
evaluated by two independent observers; moderatgrémg cytoplasmic as
well as nuclear staining was considered a positaetion. The distribution of
Shh, Bmi-1, Ptc-2, and Gli-1 was scored on a samitjtative scale as follows:
negative (<10% of the cells were positive), wegkbgitive (small cell clusters,
but 10-50% of the cells were positive) and strorgggitive (> 50% of the cells

were positive).



B. Reverse transcription-polymerase chain reaction (R-PCR)
analysis

Total RNA was extracted from 4 samples out of Sbtgalder carcinoma and
non-tumorous tissues of the patients using AGPChawf The pathologic
tumor stage of extracted four samples, by AJ®Géition, were as follows:
stage I (ToN:Mg) in two samples; staga(T:NoMg) and k (ToNoMog) in the
other two samples, respectively. Extracted RNA,clvhivas reverse-transcribed
with a cDNA, was synthesized withy of total RNA and oligo (dT) primer in
50 pl of a solution containing reverse transcriptasbe Teverse-transcribed
samples were used as templates for amplificatio8hdf, Bmi-1, Ptc-2, Gli-1,
and G3APDH fragment, which was used as an inteymaihtitative control. The
PCR primer sequences of Bmi-1 were as follows: GGRNGAAATG
CATCGAACAA-3' and anti-sense primer 5-CCTAACCAGATAT GAAG
TTGCT-GA-3.Shh:5-AATGCCTTGGCCATCTCTGT-3,Gli-1:.5GGAAGT
CCTATTCACGCCTTGA-3, Ptc-2: 5-CT GCC GAGA ACGCTTCATA-3'.
As for G3APDH, the primer sequences were as follogsense primer 5'-
CCCCTG-GCCAAGGTCATCCAT GACAACTTT-3 and antisensgrper 5'-
GGCCATGAGGTCCACCAC-CC TGTTGCTGTA-3. The PCR reacts
were performed following the cycling parameters arMinicycler ™ PCR
system (MJ Research, Inc.). Shh and Gli-1: 10 atie4 C followed by 35
cycles of 1 min at 94C , 1 min at 56 , 1 min atZ2and a final cycle at
72 C fa 10 min.; Ptc-2: 10 min at 9€  followed by 35 ®&lof 1 min at
94 C, 1 min at 53C 1 min at 72C , and a final cycle at ?2  for 10 min.
Bmi-1: 10 min at 94C followed by 30 cycles of 1 mir@d4 C , 1 min at 53C ,



and 1 min at 72C , and a final cyadé¢ 72 C for 10 min. Quantitation of the
PCR products were scanned and performed using ati@u@ne Program (Bio-
Rad, Hercules, CA). When expressions of the Sh&x2PGli-1, and Bmi-1
MRNA in tumor were seen 2-3 times more than in brgallbladder tissue, it

was defined as increase in the expressions.

3. Statistical analysis

The relationship between the results of the immigtobhemical study and
the clinicopathologic parameters was determinechgqushe SPSS ver 13.0
(SPSS Inc, Chicago, IL, USA). Univariate and mutiate analyses were done
using the proc logistic module. A P value < 0.05%swansidered statistically

significant.
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[ll. RESULTS

1. Clinical Characteristics and Laboratory findingsin enrolled

patients

Among the total 59 patients, 19(32.2%) were mate40(67.8%) were female.
Median age was 62 (range: 28-80) years. 54 pati@i$H%) had the risk
factors for gallbladder cancer. Of these patie2d¢40.7%) patients were female
and of old age (>60 years). 12(20.3%) and 3(5.1&tiepts had the medical
history of gallstone and gallbladder polyp, respety. Also, 3(5.1%) patients
had the history of gallbladder infection such asnsaella typhi. One patient
had been diagnosed as AUPBD (Anomallous Union atticobilliary Duct).
At admission, 40(67.8%) patients had some presesiimptoms and signs. Of
these, most common symptom was right upper quagaint (55.9%). On the
other hand, 32.2% did not have any specific symptonsigns associated with
gallbladder cancer. The median total bilirubin levethe enrolled patients was
0.5 mg/dL, and CA 19-9 level was 14.9 U/mL. Theiclhcharacteristics of the

59 patients are summarized in Table 1.
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Table 1. Clinical characteristics and laboratornglings of patients

N= 59

Age( mean £ SD) 61.00 £9.76
Male : Female 19:40
Presenting Sx & Sign

RUQ pain 55.9% (33/59)

No symptom 32.2% (19/59)

Jaundice 6.8% (4/59)

Wt loss & general weakness 5.1% (3/59)
Laboratory findings (median[range])

Total bilirubin (mg/dL) 0.5 (0.1-9.5)

Alk (IU/L) 84.0 (31 - 410)

r-GT (IU/L) 39.0 (10-618)

CA 19-9 (U/mL) 14.9 (0-3710)
Number of risk factors

Multiple risk factors 47.5% (28/59)

Single risk factors 44.1% (26/59)

None 8.5% (5/59)
Type of risk factors

Old age (>60) and female 40.7% (24/59)

GB stone 20.3% (12/59)

GB polyp 5.1% (3/59)

GB infection(salmonella typhi) 5.1% (3/59)

AUPBD 1.7% (1/59)

2. The expression of Shh signaling and Bmi-1 in huam gallbladder
cancer by RT-PCR and Immunohistochemical staining
Expressed patterns and degrees of Shh, Ptc-2,,@lird Bmi-1 in human
gallbladder carcinomas were examined through imristachemical analysis
and RT-PCR. The relative levels of expression df, $c-2, Gli-1, and Bmi-1
in 4 gallbladder cancer tissues were compared thtdse of non-tumorous
tissues by RT-PCR. The expression levels were méted as a ratio between
Shh, Ptc-2, Gli-1, and Bmi-1 and the reference g&®wPDH) to correct for
variation in the amounts of mRNA. The Ptc-2, Gliabd Bmi-1 mRNA levels

12



were increased in 3 specimens (these specimerglpgic stage were stag, |

Il and Ik by AJCC &' edition) out of the examined 4 human gallbladder
cancers, and Shh in all of the 4 examined humdblga@der cancers, when
compared with those of corresponding normal mudissale (Fig. 1).

In the immunohistochemical study, 77.0% (47 of 5B},0% (47 of 59),
78.7 % (48 of 59), and 71.2% (42 of 59) of the lgatider cancers were
positive for Shh, Ptc-2, Gli-1, and Bmi-1, respeelly. The expressions of Shh,
Bmi-1, Ptc-2, and Gli-1 in human gallbladder canggrimmunohistochemical

staining were tabulated in Table 2.

Bmi-1

Pic-2

(& |

GAPDH

2
-
2
-
2
-
2
-

Figure 1. Representative expressions of Shh, Ptc-2, Glird Bmi-1 in
human gallbladder cancer by RT-PCR. GAPDH serveihtasnal control. T
represents tumorous part, and N nontumorous pdheoheoplasm. Pathologic
stages of the four extracted tumors were IA (TINDMB (T2NOMO), 1IB
(T2N1MO) and IIB (T2N1MO) from left to right.
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Table 2. Expressions of Shh signaling and Bmi-human gallbladder cancers
detected by immunohistochemistry

Shh Bmi-1 Ptc-2 Gli-1
++ + -+ o+ -+ o+ -+ o+ -
T-stage
T1 (n=12) 8 3 110 2 0 9 2 1 11 1 o0
T2 (n=22) 117 6 5 11 8 3 12 8 2 14 5 3
T3 (n=19) 10 6 3 5 8 6 8 5 6 8 5 6
T4 (n=6) 2 1 3 1 0O 5 2 1 3 3 1 2
N-stage
- (n=33) 14 12 7 18 9 6 15 10 8 19 7 7
+ (n=26) 12 7 7 14 8 4 16 6 4 17 4
Overall stage
I-A (n=12) 8 3 1 10 2 0 9 2 1 11 1 ©O
I-B (n=12) 7 5 4 4 6 2 5 7 4 8 4 4
[I-A (n=7) 1 1 0 1 3 3 1 1 0 O 2 0
I-B (n=18) 9 6 4 10 4 4 11 4 4 10 4 5
[ (n=4) 1 1 2 0 0O 4 O 1 3 1 1 2
IV (n= 6) 5 0O 1 2 3 1 5 1 0 6 0O O

Stage by AJCC'6edition

3. Correlation between clinical parameters and exmssion of Hh

signaling molecules and Bmi-1 level

There were no significant relationships between top&thological
differentiation and expression level of Hh compdegishh p = 0.108; Bmi-1
p=0.689; Ptc-2 p=0.804; Gli-1 p= 0.613). The stemdegree of staining had a
tendency to longer survival time. But there was statistically significant
difference in survival time according to the degmdeimmunohistochemical
staining, except Bmi-1 in univariate analysis ($hh 0.276; Bmi-1 p = 0.025;
Ptc-2 p = 0.626; Gli-1 p = 0.574) (Table 3, Fig B). multivariate analysis,
however, the expression degree of immunohistocramtaining of Bmi-1 also

did not show statistically significant correlatiovith survival time (Table 4).
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There was no correlation between the expression redeg of
immunohistochemical staining and clinicopatholobjz@rameters, such as age,
gender, tumor marker, and clinical lab finding @ldtilirubin, GOT/GPT, Alk,
r-GT) either in univariate and multivariate anatysBut multivariate analysis
using data from the whole parameters showed thatei#tpression degree of
immunohistochemical staining of the Shh signalirghgvay molecules and
tumor stage were significant covariates. Strongamed cases were more
frequently seen in cancer with earlier tumor stégeh p = 0.002; Bmi-1 and
Ptc-2 p < 0.001; Gli-1 p = 0.001)(Fig 3). Thesdiilgs suggested that the Shh
signaling pathway and Bmi-1 might play a role ine thnitiation and
development of human gallbladder cancer, and Besgecially was correlated

with human gallbladder cancer prognosis and survata.

Table 3.Survival rate according to the degree ofi-Brimmunohistochemical
staining in gallbladder cancer tissue

Bmi-1 Number of Survival rate (%)
expression degree  patients lyr 3yr 5yr P value
0 14 615% 23.1% 7.7%
1+ 18 751% 538% 403% (o5

2+ 27 84.7% 678% 67.8%

15



Table 4. Results of multivariate logistic regressamalysis with survival time

Categories p-value Odds ratio 95% confidence limits
Stage 0.036 0.684 -364.8-4.90

T-stage 0.052 0.735 -48.3 — 753.6

N-stage 0.247 0.402 -449.0-1189.0
Pathology 0.270 0.319 -142.5-475.0
Postoperative 5 339 0.186 -118.1-328.8
Therapy
Shh 0.305 0.240 -423.0-138.7
Bmi-1 0.053 0.622 -5.50-740.7
Ptc-2 0.233 0.390 -619.1-158.8
Gli-1 0.218 0.452 -156.7-635.8
A B

0.8 1 = 0.8+ I
2+ g
> 06 P 2 0.6+ o
T2

T2

Cum Survival
o
e
1
3
Cum Survival
-
b
1

T T T T T T T T T
0 500 1000 1500 2000 2500 0 500 1000 1500 2000

Follow up time(days) Follow up tima(days)

Figure 2. Survival rates according to the expression degf&mi-1 (A) and T-

stage (B) in gallbladder cancer tissue
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Figure 3. Immunohistochemical study of Shh signaling and Bngn human
gallbladder cancers. A, No expression of shh in durgallbladder cancer
(original magnification x100). B, Weak expressidrsbh in human gallbladder

cancer (original magnification x400). C, Strong megsion of Shh in human

17



gallbladder cancer (original magnification x400).Np expression of Bmi-1 in
human gallbladder cancer (original magnificatiod00). E, Weak expression
of Bmi-1 in human gallbladder cancer (original mifigation x100). F, Strong
expression of Bmi-1 in human gallbladder cancegioal magnification x100).
G, No expression of Ptc-2 in human gallbladder eafforiginal magnification
x400). H, Weak expression of Ptc-2 in human galltéa cancer (original
magnification x400). I, Strong expression of Ptcxhuman gallbladder cancer
(original magnification x400). J, No expression@ii-1 in human gallbladder
cancer (original magnification x400). K, Weak exggien of Gli-1 in human
gallbladder cancer (original magnification x400).3trong expression of Gli-1
in human gallbladder cancer (original magnificatid®0). M, No expression of
Shh in human non-tumorous gallbladder tissue (maiginagnification x400). N,
No expression of Bmi-1 in human non-tumorous gatlder tissue (original
magnification x400). O, No expression of Ptc-2 inman non-tumorous

gallbladder tissue (original magnification x400).
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V. DISCUSSION

Gallbladder cancer is the most common type of dhilet cancer and the sixth
most common form of digestive-tract malignancy. Odjo it is relatively
uncommon, the incidence of gallbladder cancer shsigmsificant geographic
variation. It is one of the most lethal malignanciespecially when diagnosed
at advanced stage. Moreover, it is typically resistto chemotherapy or
radiotherapy® Five year survival rates for gallbladder canceryviaom 0 to
12% in most reported seri€sSince the symptoms are seldom suggestive of
cancer and imaging techniques sometimes can notctdepe lesions,
gallbladder cancers are often overlooked beforgesyr At present, the only
procedure associated with improved 5-year suniivaurgical excision of all
apparent malignancy.'’ Due to its relative rarity, in-depth investigation
molecular pathogenesis relevant to gallbladderimagenesis has seldom been
carried out. To improve outcomes in patients wighlljadder cancer and to
develop an effective agent such as cancer-speaifijeted agent, it is necessary
to understand better underlying mechanisms of magenesis at molecular
level.

The cancer stem cell hypothesis have recently datoespotlight, regarding
carcinogenesis. A number of genes involved in dgrekental program, such as
Whnt, Notch, and hedgehog, have been found to ptajean regulating the self-
renewal of stem cells. There have been ample esdsuggesting that, of these
developmental signaling pathways, the Hh signapiathway in particular is

involved in tumor growth and differentiation. Thene three known Hh ligands
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(Shh, Ihh, Dhh) in mammals, and among these, Shio&ly widely studied to
show the broadest expression pattern, and to be chustly linked to some
gastrointestinal tumorigenesis. Deregulation of tHe pathway has been
proposed to be a component in stem cell activatiooancers, and therefore
represents an attractive target for cancer thetapy.

It has recently been reported that Bmi-1, whichobgé to polycomb group
genes, plays an important role in the regulation s#if-renewal of
hematopoietit and neuronal stem cef§Bmi-1 has been identified as a cell
cycle-regulatory factor and is known as a negatbdgrilator of cyclin-dependent
kinase p16INK4a and pl4ARFf.* The INK4a/ARF locus is a critical
downstream target of the Bmi-1 transcriptional esgor activity involved in
the cell cycle regulation of a number of malignamnors®?° It has been
determined that activation of the Hh signaling @ages Bmi-1 expression. In
normal development, Hh and the downstream trarnsmmifactor Bmi-1 play an
important role in regulating stem cell self-renewBleregulation of these
processes during carcinogenesis may result in setinexpansion, a key event
in carcinogenesis. Besides, activation of the Hmaing pathway as well as
Bmi-1 has been shown to result in the generatiowastinomas in vitro or
transgenic modef€: *! Inhibitors of the Hh signaling, such as cyclopaenand
related compounds, have been shown to have antitaotivity with minimal
systemic toxicity in mouse tumor modé&f$* These results suggest that
strategies aimed at inhibiting these pathways sgpriea rational therapeutic
approach to target cancer stem cells.

It has recently been reported the roles of pathiwelpide cell differentiation,
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tissue patterning and embryonic developmé&ht.n terms of gastrointestinal
tumorigenesis, although the Hh signaling pathwagnmseto play an important
role in the early phase of carcinogeneSishere is little available information
about its role in the pathogenesis of gallbladdancer. It is intriguing to
explore whether the Hh signaling is also involvedyallbladder cancer. More
importantly, these studies may reveal requiremehtey molecules for tumor
survival and thus could lead to novel therapies tfeatment of gallbladder
cancer patients.

In this study, we systemically investigated theregpion of the Shh signaling
and their downstream cell cycle-regulator genegatbladder cancer. We
found that the mRNA expression levels of the Sighaling pathway and Bmi-
1 were significantly higher in gallbladder canciesstie than paired adjacent
normal gallbladder tissue by RT-PCR. Immunohistagical staining analysis
showed that the increase in the expression degre@amunohistochemical
staining of the Shh signaling pathway molecules Bnd-1 were significantly
correlated with early stage gallbladder cancerRTrPCR analysis, however,
MRNA expression levels of Bmi-1, Ptc-2, and Glifl human gallbladder
cancer tissue were lower than paired non-tumorassid in only one tissue
sample. This result could probably be explainedhsyfact that this sample’s
tumor stage was relatively advanced (stage Ilb BE@ &" edition). In other
words, because expressions of these signaling psthmolecules gradually
lessen as cancer progresses, the level of expmessien lower than non-
tumorous tissue could be seen in cancer tissue lsawifh advanced tumor

stage.
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These results coincide with other studies’ resmientioned abové'**® that
the Shh signaling pathway may have a more critiod in the genesis and
initiation of cancer mainly in early stage, andcasicer progresses, the roles
gradually disappear. This study provides the fiegtort that the Shh signaling
pathway molecules and Bmi-1 are differentially egzed in human gallbladder
cancers according to tumor stage.

On the other hand, other parameters, such as $elirieopathologic findings
and histological dedifferentiation, were not caatetl with the expression
degree of immunohistochemical staining of the Sh@gnading pathway
molecules in human gallbladder cancer. Further stigations are needed,
however, to determine the clinicopathologic impoce& of the Shh signaling
pathways and Bmi-1 in human gallbladder cancer.

Based on our study results, the Shh signaling pathand Bmi-1 were
involved in the tumorigenesis of gallbladder carexed might play a role in the
tumor initiation and development in human gallbladatancer. As cancer
progresses, however, these signaling pathway melEcuole in human

gallbladder cancer gradually diminishes.
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V. CONCLUSION

Shh, Ptc-2, Gli-1, and Bmi-1 immunohistochemicalirihg results show
stronger expression in the earlier stage of gallida carcinomas. This suggests
that the stronger expression of Shh, Bmi-1, Ptar?] Gli-1 is associated with
lower grade malignant potentials. In particulag Htrong expression degree of
Bmi-1 is correlated with good prognosis or survikae in human gallbladder
cancer.

In conclusion, this study suggests that the Shhnadigg pathway
components and Bmi-1 are involved in human gallidsiccancer initiation and
tumor development. There is a significant correlatbetween Bmi-1 and good
prognosis in human gallbladder cancer.

As cancer progresses, however, the roles of thesiginlaling pathways and the
downstream molecules, Bmi-1, in human gallbladdancer gradually grows

weaker.
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