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Abstract Gallbladder cancer, the most common biliary tract
malignancy, is a highlymalignant neoplasm. In the present work,
we have analyzed the significance of cell cycle-related proteins to
predict prognosis and to provide guidance for optimal therapeutic
decision-making in patients with gallbladder adenocarcinoma.
The expressions of p16, p21, p27, p53, p63, cyclin D1, bcl-2 and
bcl-6 were examined in a tissue microarray constructed from 96
cases of gallbladder adenocarcinoma by immunohistochemistry
and correlated with clinicopathologic prognostic factors.
Expression of p16 was correlated with a low pT stage, adenoma
background and good prognosis. Cases with p63 expression
showed a higher T stage, more frequent perineural invasion and
poor prognosis when compared to cases without p63 expression.
Over-expression of p53 or loss of p53 was associated with poor
tumor differentiation, frequent distant metastasis and low
disease-specific survival rate. The expressions of p21, p27, bcl-
2, bcl-6 and cyclin D1 were not significant prognostic factors for
gallbladder adenocarcinoma. These results indicate that p16, p63
and p53 can be used as prognostic markers in gallbladder
adenocarcinoma; especially p53 and p63 as poor prognostic
markers and p16 as a favorable prognostic marker.
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Introduction

Gallbladder cancer is the most common biliary tract cancer
and the fifth most common cancer of the digestive system [1].
It has a distinctly higher incidence in certain demographic
groups and geographic areas, and Korea belongs to a high
risk group [1]. Despite enormous improvements in diagnosis
and surgical techniques, the prognosis of gallbladder cancer
generally remains poor with the 5-year survival for all stages
of gallbladder cancer being approximately 5 %. Surgery is an
effective treatment option for patients with resectable
gallbladder cancers. For patients with unresectable gallbladder
cancers, palliative chemotherapy and radiotherapy remain the
only possible treatment options; however, they provide
minimal survival benefit [2]. Hence, attempts to identify
molecular prognostic markers and candidates for targeted
therapy are needed, although the conventional clinical
prognostic factors in gallbladder cancers such as histological
grade, depth of wall infiltration and lymph node metastasis
have already been defined.

Similar to other neoplasms, gallbladder cancer is also
considered to develop due to the accumulation of multiple
genetic alterations [3]. Among them, disruption of cell cycle
control is a pathognomonic feature of malignant cells that can
manifest as dysregulation of cyclin protein expression,
enhanced activity of cyclin-dependent kinases, altered
expression or function of cyclin-dependent kinase inhibitors
and mutation of cell cycle check-point controls [4]. Although
many studies have been performed to demonstrate cell cycle
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regulatory proteins as prognostic markers in gallbladder
cancers, the results remain controversial.

Herein, we examined the immunohistochemical expressions
of cell cycle regulatory proteins including p16, p21, p27, p53,
p63, cyclin D1, bcl-2 and bcl-6 in 96 cases of gallbladder
adenocarcinoma and then correlated the results with the
clinicopathologic findings to determine the prognostic
significance of cell cycle regulatory proteins in gallbladder
adenocarcinoma.

Materials and Methods

Patients and Clinical Data

This study was approved by the Institutional Review Board of
Kangbuk Samsung Hospital. This retrospective study
included 96 consecutive cases of gallbladder adenocarcinoma
that underwent cholecystectomy, which was performed at
Kangbuk Samsung Hospital from December 1990 to March
2011. Patients’ clinical information including age, sex, the day
of initial diagnosis, follow-up and radiological findings was
obtained from electronic medical records. The information
about patient deaths was obtained from the medical record
department of Kangbuk Samsung Hospital and National
Cancer Information Center.

Microscopic Evaluation of Cholecystectomy Specimens

All the cases were microscopically reviewed for determination
of histological classification according to the 2010 World
Health Organization Tumor Classification [5]. The tumor
differentiation, depth of wall invasion, tumor location, gross
tumor configuration, resection margin status, lymphovascular
invasion, perineural invasion, and concurrent dysplasia/
adenoma were also evaluated. The tumor stage was assigned
according to the 2010 AJCC Tumor Node Metastasis (TNM)
staging system [6].

Construction of Tissue Microarray

Tissue microarray blocks (2-mm-diameter cores) were
manually generated from the formalin-fixed, paraffin-
embedded gallbladder adenocarcinoma tissues. Two
representative cores were obtained from each tumor block
for tissue microarray blocks. One core of normal tonsil and
one core of placenta were included in each tissue microarray
block as positive controls.

Immunohistochemical Staining

The primary antibodies used in this study are summarized in
Table 1. Immunohistochemical staining was performed

automatically using an autostainer (BOND-MAX, Leica,
Newcastle, United Kingdom). Antigen retrieval was
performed by steaming with EDTA (pH 9.0) for 20 min using
a microwave. Negative controls included the omission of the
primary antibodies.

The expression of the proteins except for p53 was recorded as
the percentage of positive cells with moderate to strong staining
intensity. In case of p53, three expression patterns were
recorded: 1) homogeneously strong positive expression (strong
nuclear staining in more than 90 % of tumor cells), 2)

Table 1 Antibodies for Immunohistochemical staining

Antibody Product Dilution

p16 p16INK4a, mtm laboratories, Heidelberg, Germany 1:2

p21 p21, Leica, Newcastle, United Kingdom 1:50

p27 p27, Novocastra, Newcastle, United Kingdom 1:50

P53 p53, Dako, Glostrup, Denmark 1:5000

p63 p63, Zeta, Arcadia, CA, USA 1:200

cyclin D1 cyclin D1, Labvision, Fremont, CA, USA 1:100

bcl-2 BCL2, Dako, Glostrup, Denmark 1:100

bcl-6 BCL6, Novocastra, Newcastle, United Kingdom 1:200

Table 2 Clinicopathologic features in 96 cases of gallbladder
adenocarcinoma

Variables Number of cases (%)

Differentiation Well 41 (42.7)

Moderate 41 (42.7)

Poor 14 (14.6)

pT stage 1a 24 (25)

1b 8 (8.3)

2 41 (42.7)

3 23 (24)

Lymphovascular invasion Absence 87 (90.6)

Presence 9 (9.4)

Perineural invasion Absence 75 (78.1)

Presence 21 (21.9)

Lymph node metastasisa Absence 29 (58)

Presence 21 (42)

Distant metastasis Absence 64 (66.7)

Presence 32 (33.3)

Intraepithelial neoplasiab Absence 23 (27.7)

Low grade 13 (15.7)

Intermediate grade 6 (7.2)

High grade 41 (49.4)

Adenoma background Absence 64 (66.7)

Presence 32 (33.3)

a Lymph node dissection is performed in 50 cases
b Thirteen cases are excluded due to severe erosion of remaining mucosa
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heterogeneous expression (nuclear stainingwith variable intensity
in more than 10 % of tumor cells), and 3) negative expression
(weak nuclear staining in less than 10 % of tumor cells).

Statistical Analysis

The data were analyzed by PASW Statistics 18 (SPSS Inc.,
Chicago, IL, USA) software. Crosstabs, Pearson’s chi-square test,
Fisher’s exact test, Kruskal-Wallis test and logistic regression test
were used as needed. The Kaplan-Meier and Cox regression tests
were employed to analyze the survival data. Differences were
regarded as statistically significant at p-values<.05.

Results

Clinicopathologic Features

The clinicopathological data of 96 gallbladder adenocarcinoma
cases are summarized in Table 2. The mean age of patients was
65.7 years (range; 29 to 89 years, median; 68 years). The most

frequent tumor location was the body (35 cases, 36.4 %),
followed by the fundus (29 cases, 30.2 %), and the neck with
cystic duct (8 cases, 8.4 %). Some tumors extended into the
entire gallbladder, fundus alongwith body, and body alongwith
neck in 17 cases (17.7 %), 5 cases (5.2 %) and 2 cases (2.1 %),
respectively. The tumors exhibited variable gross
configurations; flat/infiltrative (42 cases, 43.7 %), polypoid
(28 cases, 29.2 %), papillary (14 cases, 14.6 %) and nodular
(12 cases, 12.5 %). Most of the tumors showed well or
moderate differentiation. Three (3.1 %) tumors showed a focal
sarcomatous component. Thirty-two cases of tumor (33.3 %)
occurred in adenoma, which were associated with better tumor
differentiation (p <.001), lower T stage (p <.001) and favorable
prognosis (p <.001). The resection margin could be evaluated
in 93 cases (96.9 %) and it was involved by the tumor in 26
cases (27.9 %). The tumor has recurred in 4 cases (4.2 %)
of which in 3 cases, the resection margin was involved
by the tumor.

The mean follow-up period was 36.7 months (range; 0.2 to
231.4 months) in 96 cases. Among 32 patients with distant
metastasis, nine patients (28.1 %) presented with metastatic

Fig. 1 Immunohistochemical
staining for p16 (a), p63 (b) and
p53 (c–e). p16 stains in the nuclei
and cytoplasm (a). p63 is
expressed in the nuclei (b). Three
expression patterns of p53:
homogeneously strong
expression (c), heterogeneous
expression with variable staining
intensity (d), and negative
expression (e)
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adenocarcinoma at the time of initial diagnosis and in the
remaining 23 patients, metastasis developed at a mean
10.6 months post-operatively (range; 0.7 to 56.4 months). The
most common metastatic sites were liver (17 patients), followed
by peritoneum (10 patients), non-regional lymph nodes (6
patients), lungs (4 patients), bone (3 patients), abdominal wall
(2 patients) and adrenal glands (1 patient). At the time of the last
follow-up, 46 patients (47.9 %) were dead, of which 43 patients
(44.8 %) died because of gallbladder adenocarcinoma.

Immunohistochemical Staining Results and Clinicopathologic
Parameters

Immunohistochemical analysis revealed staining of p21, p27,
p53, p63, cyclin D1, bcl-2 and bcl-6 in the nuclei, and p16
staining was observed not only in the nuclei but also in the
cytoplasm (Fig. 1). The staining intensity and pattern of two
tumor cores were similar.

p16 expression was observed in 41 cases (range; 5–100 %).
Among them, 39 cases were interpreted as positive for p16
expression with a 10 % cut-off value. p16 positivity was
correlated with favorable prognosis, lower pT stage (p =.047),
frequent adenoma background (p =.004), and better disease-
specific patient survival (p <.001) than negative p16 expression
(Table 3 and Fig. 2a). The p63 staining was observed in 27

cases (range; 1–99 %); and in seven cases, p63 staining was
considered positive with a 10 % cut-off value. p63 positivity
was associated with higher pT stage (p =.007), more frequent
perineural invasion (p =.047) and more frequent biliary
intraepithelial neoplasia (p =.034) (Table 3). Patients with
p63-positive gallbladder adenocarcinoma showed a rapid
decrease in survival rate within the first post-operative year
(Fig. 2b). For p53, the tumor showed homogeneously strong
positivity in 38 cases (45.2 %) and negativity in 19 cases
(22.6 %). The remaining cases revealed heterogeneous nuclear
staining similar to that in the adjacent non-neoplastic
epithelium. On dividing the cases into two groups of 1)
homogeneously strong positive or negative expression, and 2)
heterogeneously positive expression, the former group showed
poorer tumor differentiation (p =.009), more frequent distant
metastasis (p =.011) and poorer disease-specific patient
survival than the latter group (Table 3 and Fig. 2c). When we
divided the cases into three groups based on p53 expression,
two groups with over-expression of p53 and loss of p53,
respectively showed lower disease-specific survival rate than
the group with heterogeneous expression of p53 with a similar
survival graph pattern (Fig. 2d).

Univariate analysis revealed high pT stage, poor tumor
differentiation, presence of perineural invasion, presence of
lymphovascular invasion, p63 expression, and strong positivity

Table 3 Correlation between expression of p16, p63 and p53 proteins and prognostic factors in 96 cases of gallbladder adenocarcinoma

Variables p16 p63 p53

Negative
n =52
(57.1 %)

Positive
n =39
(42.9 %)

p Positive
n =84
(92.3 %)

Negative
n =7
(7.7 %)

p Heterogeneous
expression
n =27 (32.1 %)

Over-expression
or loss
n =57 (67.9 %)

p

Differentiation Well 20 (38.5) 19 (48.7) .205 38 (45.2) 1 (14.3) .255 18 (66.7) 21 (36.8) .009
Moderate 22 (42.3) 16 (41) 34 (40.5) 4 (57.1) 8 (29.6) 27 (47.4)

Poor 10 (19.2) 4 (10.3) 12 (14.3) 2 (28.6) 1 (3.7) 9 (15.8)

pT stage 1a&1b 13 (25) 18 (46.2) .047 31 (36.9) 0 (0) .007 13 (48.2) 18 (31.6) .177
2 24 (46.2) 14 (35.9) 36 (42.9) 2 (28.6) 9 (33.3) 24 (42.1)

3 15 (28.8) 7 (17.9) 17 (20.2) 5 (71.4) 5 (18.5) 15 (26.3)

Lymph node
metastasisa

Absence 16 (50) 12 (80) .063 27 (61.4) 1 (33.3) .557 6 (75) 22 (64.7) .697
Presence 16 (50) 3 (20) 17 (38.6) 2 (66.7) 2 (25) 12 (35.3)

Distant metastasis Absence 32 (61.5) 30 (76.9) .172 57 (67.9) 4 (57.1) .680 24 (88.9) 35 (61.4) .011
Presence 20 (38.5) 9 (23.1) 27 (32.1) 3 (42.9) 3 (11.1) 22 (38.6)

Lymphovascular
invasion

Absence 47 (90.4) 35 (89.7) >.999 75 (89.3) 7 (100) >.999 23 (85.2) 52 (91.2) .460
Presence 5 (9.6) 4 (10.3) 9 (10.7) 0 (0) 4 (14.8) 5 (8.8)

Perineural invasion Absence 41 (78.8) 29 (74.4) .625 67 (79.8) 3 (42.9) .047 23 (85.2) 42 (73.7) .278
Presence 11 (21.2) 10 (25.6) 17 (20.2) 4 (57.1) 4 (14.8) 15 (26.3)

Biliary intraepithelial
neoplasiab

Absence 10 (22.7) 11 (31.4) .447 34 (46.6) 0 (0) .034 10 (38.5) 9 (18.7) .094
Presence 34 (77.3) 24 (68.6) 39 (53.4) 6 (100) 16 (61.5) 39 (81.3)

Adenoma
background

Absence 41 (78.8) 19 (48.7) .004 54 (64.3) 6 (85.7) .415 13 (48.1) 40 (70.2) .058
Presence 11 (21.2) 20 (51.3) 30 (35.7) 1 (14.3) 14 (51.9) 17 (29.8)

a Lymph node dissection are performed in 50 patients
b Thirteen cases with severe mucosal erosion are excluded
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or loss of p53 as poor prognostic factors (Table 4); whereas,
adenoma background and p16 expression were found to be
favorable prognostic factors. On multivariate analysis
considering pT stage, tumor differentiation, expression of p16,
p53 and p63; pT stage was found to be the only significant
prognostic factor (p=.002).

The other proteins, p21, p27, bcl-2, bcl-6 and cyclin D1,
were expressed in 56 (62.2 %), 69 (77.5 %), 7 (7.7 %), 34
(38.2 %), and 39 (43.3 %) cases with a 10 % cut-off value,
respectively. They did not show any significant correlation
with clinicopathologic parameters and patient disease-
specific survival.

Discussion

Uncontrolled cell growth and proliferation are the hallmarks of
cancer, which occur mainly due to loss of control at the cell

cycle check points [7]. Cell cycle is controlled by a family of
cyclins, cyclin dependent kinases (CDKs) and their inhibitors
(CDKIs) through activation and inactivation of phosphorylation
events [8]. These cell cycle-related proteins are not only known
as markers for cancer but also as prognostic factors for various
diseases.

The p16 protein is a tumor suppressor gene protein, which
is a CDK inhibitor that regulates the G1-S phase of the cell
cycle. The loss of p16 expression has been known as a poor
prognostic factor, and it is correlated with tumor progression
or decreased patient survival in lung and pancreatic cancer [9,
10], However, contradictory results have been reported about
the contribution of p16 expression in gallbladder carcinogenesis
[3, 11–13]. Some researchers have reported that nuclear p16
expression was rare in normal gallbladder epithelium and it was
a frequent event in high-grade dysplasia and adenocarcinoma,
suggesting that p16 over-expression is an early and relatively
common event in carcinogenesis of the gallbladder [11, 12, 14].

Fig. 2 Disease-specific survival
curves according to expression of
p16 (a), p63 (b) and p53 proteins
(c and d) by Kaplan-Meier
survival analysis. Cases with p16
expression show favorable
prognosis (a). Cases with p63
expression reveal a rapid decrease
in survival rate within the first
post-operative year (b). The over-
expression of p53 or loss of p53
expression is associated with a
poor patient survival rate (c). On
dividing the cases into three
groups based on p53 expression,
two groups with over-expression
of p53 and loss of p53,
respectively exhibit a similar
decrease in survival (d)
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However, others reported that p16 immunoreactivity was more
frequently found in normal gallbladder epithelium than in
dysplasia, adenoma or carcinoma of the gallbladder [3, 13]. In
our study, among 8 cores of normal gallbladder mucosa, only
one core showed focal p16 positivity and the adenoma
component also rarely showed p16 positivity. However, we
could not assess p16 expression in biliary intraepithelial
neoplasia and carcinoma in situ . To better understand
gallbladder carcinogenesis, more studies with gallbladder
precancerous lesions should be performed in future.

With respect to the prognostic significance of p16 in
gallbladder adenocarcinoma, p16 expression was correlated
with low pT stage, frequent adenoma background and good
prognosis in the present study, suggesting that loss of p16
expression could be a poor prognostic factor in gallbladder
adenocarcinoma. Two previous studies have shown different
results; 1) Shi et al . reported that loss of p16 protein was not
associated with any clinicopathologic factors or patient
survival, and 2) Tadokoro et al . also reported that there was
no signi f icant corre la t ion between p16 prote in
immunoreactivity and clinicopathologic parameters [15, 16].
However, Shi et al . and Tadokoro et al . enrolled only 37 and
51 cases of gallbladder carcinoma, respectively; and they
included various histologic types of gallbladder carcinoma in
their studies such as adenocarcinoma, adenosquamous
carcinoma and undifferentiated carcinoma [15, 16].

The p53 mutation is an early event in gallbladder
carcinogenesis and is associated with the metaplasia-
dysplasia-carcinoma sequence of gallbladder cancer
progression [17]. However, the prognostic significance of
p53 expression has remained controversial in gallbladder
cancer. Some researchers have reported that p53 expression
is associated with poor prognostic parameters, but others have
reported contradictory results [17–27]. In this study, over-
expression of p53 protein or loss of p53 protein was correlated
with poor disease-specific prognosis (Fig. 2c and d), thereby
suggesting p53 as a candidate marker for poor prognosis in
gallbladder adenocarcinoma. We included a larger number of
gallbladder cancer cases than those in majority of prior studies
and targeted only gallbladder adenocarcinoma cases, whereas
previous studies included cases of various histologic types of
gallbladder carcinoma such as adenocarcinoma, squamous
cel l , adenosquamous carcinoma, smal l cel l and
undifferentiated carcinoma [18–27]. In addition, we analyzed
p53 expression in more details by considering staining
intensity and percentage of stained tumor cells, whereas prior
studies estimated p53 expression by a semi-quantitative
method [18–27]. These differences between previous reports
and our study may be the reason for the different results in
both p16 and p53 expression.

The p63 protein has been recognized as a member of the p53
family. In cases with extrahepatic bile duct carcinoma, it has

Table 4 Univariate and multivariate analysis for disease-specific death

Variables Univariate analysis Multivariate analysis

HR 95.0 % CI p HR 95.0 % CI p

Lower Upper Lower Upper

pT stage 1a or 1b 1 .001 .002

2 or 3 71.427 5.863 870.159 72.391 4.605 1138.086

Differentiation Well 1 <.001

Moderate 3.623 1.667 7.873

Poor 6.909 2.847 16.765

Perineural invasion Absence 1 <.001

Presence 3.933 2.018 7.667

Lymphovascular invasion Absence 1 .027

Presence 2.692 1.118 6.483

Adenoma background Presence 1 <.001

Absence 7.862 2.761 22.381

p16 Positive 1 .009

Negative 2.520 1.261 5.036

p63 Negative 1 .017

Positive 3.338 1.245 8.949

p63 Heterogeneous expression 1 .013

Over-expression or loss 3.067 1.265 7.431
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been reported that p63 was overexpressed in 26.3 % of cases
and it was associated with more frequent vascular invasion;
however, there was no difference in survival between p63-
expressing and p63-non-expressing tumors [28]. In another
report, p63 overexpression was observed in 100 % of
cholangiocarcinoma cases [29]. Frequency of p63 expression
and its prognostic significance have not been clearly
determined in gallbladder adenocarcinoma. In this study, only
7 cases (7.7 %) were found to be positive for p63 expression
with a 10% cut-off value, which were pure cases of gallbladder
adenocarcinoma without squamous differentiation, and p63
expression was associated with poor prognosis, thereby
suggesting p63 as a candidate marker for poor prognosis.

In summary, this study demonstrates that p16, p63 and p53
expression can be used as prognostic markers in gallbladder
adenocarcinoma; especially p16 expression as a favorable
prognostic marker, p63 expression as a poor prognostic
marker, and over-expression of p53 or loss of p53 as a poor
prognostic marker. Further studies including more number of
gallbladder cancer cases are needed to accurately predict
patient survival rate and to provide a guideline for making
an optimal therapeutic decision.

Acknowledgments This work was supported by the Medical Research
Funds from Kangbuk Samsung Hospital.

References

1. Miller G, Jarnagin WR (2008) Gallbladder carcinoma. Eur J Surg
Oncol 34(3):306–312

2. Jayaraman S, Jarnagin WR (2010) Management of gallbladder
cancer. Gastroenterol Clin North Am 39(2):331–342

3. Goldin RD, Roa JC (2009) Gallbladder cancer: a morphological and
molecular update. Histopathology 55(2):218–229

4. Pietenpol JA, Kastan M (2004) Control of the cell cycle. In: Abeloff
M, Armitage J, Niederhuber J (eds) Clinical oncology. 3rd edn.
Chruchill & Livingstone, pp 81–95

5. Bosman FT, Carneiro F, Hruban RH, Theise ND (2010) WHO
Classification of Tumours of the Digestive System. 4th edn., Lyon

6. Edge SB, Byrd DR, Compton CC, April GF, Greene FL, Trotti A
(2010) AJCC cancer staging manual, 7th edn. Springer, New York

7. Hanahan D, Weinberg RA (2000) The hallmarks of cancer. Cell
100(1):57–70

8. Sherr CJ (1996) Cancer cell cycles. Science 274(5293):1672–1677
9. Gerdes B, Ramaswamy A, Ziegler A, Lang SA, KerstingM, Baumann

R, Wild A, Moll R, Rothmund M, Bartsch DK (2002) p16INK4a is a
prognostic marker in resected ductal pancreatic cancer: an analysis of
p16INK4a, p53, MDM2, an Rb. Annals of surgery 235(1):51–59

10. Tanaka R, Wang D, Morishita Y, Inadome Y, Minami Y, Iijima T,
Fukai S, Goya T, NoguchiM (2005) Loss of function of p16 gene and
prognosis of pulmonary adenocarcinoma. Cancer 103(3):608–615

11. Choi HJ, Yun SS, Kim HJ, Choi JH (2010) Expression of p16 protein
in gallbladder carcinoma and its precancerous conditions. Hepato-
gastroenterology 57(97):18–21

12. Lynch BC, Lathrop SL, Ye D, Ma TY, Cerilli LA (2008) Expression
of the p16(INK4a) gene product in premalignant and malignant
epithelial lesions of the gallbladder. AnnDiagn Pathol 12(3):161–164

13. Feng Z, Chen J,Wei H, Gao P, Shi J, Zhang J, Zhao F (2011) The risk
factor of gallbladder cancer: hyperplasia of mucous epithelium
caused by gallstones associates with p16/CyclinD1/CDK4 pathway.
Exp Mol Pathol 91(2):569–577

14. Quan ZW, Wu K, Wang J, Shi W, Zhang Z, Merrell RC (2001)
Association of p53, p16, and vascular endothelial growth factor
protein expressions with the prognosis and metastasis of gallbladder
cancer. J Am Coll Surg 193(4):380–383

15. Shi YZ, Hui AM, Li X, Takayama T, Makuuchi M (2000)
Overexpression of retinoblastoma protein predicts decreased survival
and correlates with loss of p16INK4 protein in gallbladder
carcinomas. Clin Cancer Res 6(10):4096–4100

16. Tadokoro H, Shigihara T, Ikeda T, Takase M, Suyama M (2007) Two
distinct pathways of p16 gene inactivation in gallbladder cancer.
World J Gastroenterol 13(47):6396–6403

17. Rai R, Tewari M, Kumar M, Singh AK, Shukla HS (2011) p53: its
alteration and gallbladder cancer. Eur J Cancer Prev 20(2):77–85

18. Kanthan R, Radhi JM, Kanthan SC (2000) Gallbladder carcinomas:
an immunoprognostic evaluation of P53, Bcl-2, CEA and alpha-
fetoprotein. Can J Gastroenterol 14(3):181–184

19. Misra S, Chaturvedi A, Goel MM,Mehrotra R, Sharma ID, Srivastava
AN, Misra NC (2000) Overexpression of p53 protein in gallbladder
carcinoma in North India. Eur J Surg Oncol 26(2):164–167

20. Chang HJ, Yoo BC, Kim SW, Lee BL, KimWH (2007) Significance
of PML and p53 protein as molecular prognostic markers of
gallbladder carcinomas. Pathol Oncol Res 13(4):326–335

21. Ajiki T,OnoyamaH,YamamotoM,AsakaK,Fujimori T,MaedaS, Saitoh
Y (1996) p53 protein expression and prognosis in gallbladder carcinoma
and premalignant lesions. Hepato-gastroenterology 43(9):521–526

22. Washington K, Gottfried MR (1996) Expression of p53 in
adenocarcinoma of the gallbladder and bile ducts. Liver 16(2):99–104

23. Kim YW, Huh SH, Park YK, Yoon TY, Lee SM, Hong SH (2001)
Expression of the c-erb-B2 and p53 protein in gallbladder
carcinomas. Oncol Rep 8(5):1127–1132

24. da Rocha AO, Coutinho LM, Scholl JG, Leboutte LD (2004) The
value of p53 protein expression in gallbladder carcinoma: analysis of
60 cases. Hepato-gastroenterology 51(59):1310–1314

25. Hidalgo Grau LA, Badia JM, Salvador CA, Monso TS, Canaleta JF,
Nogues JM, Sala JS (2004) Gallbladder carcinoma: the role of p53
protein overexpression and Ki-67 antigen expression as prognostic
markers. HPB (Oxford) 6(3):174–180

26. Takagawa M, Muguruma N, Oguri K, Imoto Y, Okamoto K, Ii K, Ito
S (2005) Prediction of prognosis in gallbladder carcinoma by mucin
and p53 immunohistochemistry. Dig Dis Sci 50(8):1410–1413

27. Wang SN,Chung SC, Tsai KB, Chai CY, ChangWT,KuoKK,Chen JS,
Lee KT (2006) Aberrant p53 expression and the development of
gallbladder carcinoma and adenoma. Kaohsiung J Med Sci 22(2):53–59

28. Hong SM, Cho H,Moskaluk CA, Yu E, Zaika AI (2007) p63 and p73
expression in extrahepatic bile duct carcinoma and their clinical
significance. J Mol Histol 38(3):167–175

29. Ramalho FS, Ramalho LN, Della Porta L, Zucoloto S (2006)
Comparative immunohistochemical expression of p63 in human
cholangiocarcinoma and hepatocellular carcinoma. J Gastroenterol
Hepatol 21(8):1276–1280

Cell Cycle-Related Proteins in Gallbladder Adenocarcinoma 415


	Expression of Cell Cycle-Related Proteins, p16, p53 and p63 as Important Prognostic Markers in Gallbladder Adenocarcinoma
	Abstract
	Introduction
	Materials and Methods
	Patients and Clinical Data
	Microscopic Evaluation of Cholecystectomy Specimens
	Construction of Tissue Microarray
	Immunohistochemical Staining
	Statistical Analysis

	Results
	Clinicopathologic Features
	Immunohistochemical Staining Results and Clinicopathologic Parameters

	Discussion
	References


