
Summary. Gallbladder carcinomas are rare but highly
lethal neoplasms. We examined the expression of five
cell-cycle-related molecules (p53, RB, cyclin D1, p27,
Ki-67), and MSH2, in 46 carcinomas, 14 adenomas, 15
low-grade dysplasias, 9 intestinal metaplasias and 20
normal gallbladder epithelia. The expression of these
molecules was altered in gallbladder carcinomas and
adenomas. In gallbladder carcinomas we observed
increased expression of p53, cyclin D1, Ki-67, and
MSH2 together with decreased expression of RB and
p27 protein. Aberrant expression of cyclin D1 and
reduced expression of RB were noted in adenomas, and
expression of cyclin D1 was elevated in low-grade
dysplasias. However, there was no change in the levels
of these cell-cycle molecules in metaplasia. Expression
of p53, p27, Ki-67, and MSH2 was correlated with
clinical stage (P<0.05) and there was also a correlation
between the expression of Ki-67 and MSH-2 and patient
age (P<0.05). These results suggest that altered
expression of cell-cycle molecules p53, cyclin D1, RB,
p27, and of MSH-2 is involved in the progression of
gallbladder carcinomas. 
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Introduction 

Gallbladder carcinomas are malignant tumors with a
very poor prognosis and survival rates of less than 5%.
Despite improvements in diagnosis and surgery, average
survival, even of patients who have undergone complete
resection of their carcinomas, is still poor (Manfredi et
al., 2000). Due to the lack of characteristic early
symptoms, in the majority of patients a definitive
diagnosis is only established at an advanced stage. In
addition, the molecular mechanisms underlying the
development and progression of gallbladder carcinomas
are not well understood. This may be because of the
relative rarity of gallbladder cancer, which accounts for
only 3% of gastrointestinal cancers and 0.5% of all
human malignancies, thus limiting the tumor samples
available for study. Clarification of the molecular basis
of tumor progression may be helpful in developing and
identifying prognostic and therapeutic markers. 

Neoplastic transformation is considered to be the
result of the accumulation of several genetic
abnormalities, including the activation of oncogenes
and/or inactivation of tumor suppressor genes.
Unregulated cell proliferation is the hallmark of cancer,
and tumor cells have sustained damage to genes that
directly regulate the cell cycle. The period from late G1
to the S phase of the cell cycle is the most important for
cell proliferation. When the G1/S checkpoint is intact,
cells with minor DNA damage are arrested before entry
into S-phase, and the aberrations are repaired. Cells with
major damage undergo apoptosis (Harbour and Dean,
2000). A number of defects in the regulation of the G1/S
transition have been detected in malignancies (Gillet et
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al.,1994; Barkova et al., 1996; Hommura et al., 2000;
Kawauchi et al., 2001) suggesting that cell cycle
aberrations represent one of a limited number of key
targets of the transformation process (Hahn et al., 1999).
Therefore, characterization of G1/S regulatory proteins
and delineation of the various aberrations present in
tumors are important for understanding tumor
development.

P53 is considered to be a stress-response gene, and
its product induces cell-cycle arrest or apoptosis in
response to DNA damage. It causes cell cycle arrest by
upregulating the cyclin-dependent kinase (cdk) inhibitor
p21. Mutations of the P53 gene are the most common
genetic abnormalities in human carcinomas and the
resulting alterations of P53 protein can be detected by
immunohistochemical means (Greenblatt et al., 1994)

Cyclin D1 forms a complex with cdk4 or cdk6 and
this complex allows the cells to enter the S phase.
Overexpression of cyclin D1 has been reported in a
range of human cancers (Gillett et al., 1994; Nishida et
al., 1994). p27 is a cdk inhibitor and hence prevents
progression through the G1-S checkpoint. It is a negative
regulator of cyclin E/cdk2 and cyclin A/cdk2 and plays
an important role in cell-cycle regulation. Recently, its
downregulation has been reported to indicate a poor
prognosis in several forms of cancer (De Paola et al.,
2002). The tumor suppressor gene RB acts as a cell-
cycle regulator, arresting cells in G1, and inactivation of
RB is an essential step in tumor progression (Sherr,
1996). The G1 arrest is brought about by a stable
complex between the hypophosphorylated form of RB
and E2F1 that acts as a transcriptional repressor.

Human mismatch repair protein 2 (MSH2) is
involved in the initial recognition of mismatched
nucleotides during the post-replication mismatch repair
process. Consequently, loss of MSH2 function leads to
the accumulation of replication errors that may in turn be
responsible for generating the mutations required for
carcinogenesis. 

Human mismatch repair protein 2 (MSH2) is found
in the nuclei of cells of a variety of tissues including
thyroid, heart, smooth muscle, and the germinal centers
of lymphoid follicles.

There have only been a few studies of the alterations

of p27, RB, and MSH2 in human gallbladder carcinoma.
In the present work we performed a comprehensive
evaluation of the cell-cycle molecules p53, cyclin D1,
RB, p27, and Ki-67 as well as of MSH2 in 46
gallbladder carcinoma, 14 adenomas, 15 low-grade
dysplasias, 9 intestinal metaplasias and 20 normal
gallbladder epithelia by immunohistochemical staining,
and searched for any relevant clinicopathological
correlates.
Materials and methods

Patients, tissue samples, and reagents

The study population is 104 surgically resected cases
consisting of 20 normal epithelia and 84 gallbladder
lesions. And 84 gallbladder lesions are composed of 46
carcinoma, 14 adenomas, 15 low grade dysplasia, and 9
intestinal metaplasias. Patient ages ranged from 49-85
years; average, 66.1 years; 24 female and 22 males. All
cases were retrospectively identified from the surgical
pathology files of Chungbuk National University
Hospital between 1993-2002. The slides were reviewed
to determine pathological parameters, including tumor
size, histological grade, depth of invasion, and presence
of nodal metastasis. The carcinomas included 10 cases
of early stage (pTis: 6, pT1: 4), and 36 cases of advanced
stage (pT2: 20, pT3: 11, pT4: 5) cancer. Of the
carcinomas, 24 (52.2%) were classified as well
differentiated, 17 (40%) as moderately differentiated,
and 5 cases (10.9%) as poorly differentiated. Carcinomas
were staged according to the criteria of the American
Joint Committee on Cancer (AJCC) (Greene et al.,
2002).
Immunohistochemical staining 

All archival materials were routinely fixed in 10%
neutral-buffered formalin, and embedded in paraffin. 4-
µm sections were prepared on silane-coated slides
(Sigma, St Louis, MO, USA). The immunostaining kit
and all antibodies (listed in Table 1) were from DiNonA
Inc. (Seoul, Korea). Tissue sections on microslides were
deparaffinized with xylene, hydrated in serially diluted

60
Immunohistochemical study of expression of cell-cycle related proteins in gallbladder lesions

Table 1. Primary antibodies used in this study.

ANTIBODIES CLONE DILUTION POSITIVE CONTROLS STAINING PATTERN ANTIGEN RETRIEVAL
SOLUTION BUFFER

P53 DO-7 1:50 Colon cancer Nucleus Borate
RB 1F8 1:40 Retinoblastoma Nucleus Citrate
Cyclin D1 P2D11F11 1:40 Parathyroid adenoma Nucleus and cytoplasm EDTA
Ki67 MM1 1:100 Tonsil Nucleus Citrate
P27 1B4 1:30 Tonsil Nucleus Citrate
MSH2 25D12 1:80 Tonsil Nucleus Citrate

All antibodies (p53, RB, cyclin D1, p27, Ki-67, and MSH2) are mouse anti-human (monoclonal) and purchased in DiNonA Inc.



alcohol, and immersed in 3% H2O2 to quench
endogenous peroxidase activity. They were then treated
with microwaves in 10 mM sodium citrate (pH 6.0) or
10 mM Borate buffer (pH 8.0) or in 1 mM EDTA (pH
8.0) for 15 min for antigen retrieval (Table 1) (Kim et
al., 2004). Thereafter, avidin and biotin were applied
consecutively to eliminate endogenous biotin-related
background staining (Kim et al., 2002). The sections
were then incubated with primary antibodies for 60 min,
rinsed three times with washing buffer, and further
incubated for 20 min with biotinylated goat anti-mouse
Abs. After rinsing, the tissue sections were incubated
with HRP-conjugated streptavidin (DiNonA) for another
20 min at room temperature. Following this, the slides
were washed and the chromogen was developed for 5
min with liquid 3,3’-diaminobenzidine (DiNonA). They
were then counterstained with Meyer’s hematoxylin,
dehydrated, and mounted with Canada balsam. The
rinsing solution was distilled water with 0.1 % tween 20
(Kim et al., 2003). 
Evaluation of immunohistochemical staining 

We adopted the scoring method of Sinicrope et al.
(1995) for evaluating both staining intensity and the
proportion of stained epithelial cells. Membranous and
nuclear staining were scored independently, and staining
intensity was classified as follows: 1, weak; 2, moderate;
and 3, strong. The proportion of positive cells was
expressed as a percentage of the total number of
epithelial cells examined, and assigned to one of five
categories: 0, <5%; 1, 5-25%; 2, 26-50%; 3, 51-75%;
and 4, >75%. Scores for percentage of positive cells and
staining intensity were multiplied together to produce an
immunoreactivity score (IS) for each tumor specimen.
Each specimen was examined and scored separately by
two pathologists (YLC & SHK), and discrepant scores
were discussed until agreement was reached. 

For a proper comparison of antigen expression in the
different samples, both frequencies of expression and
mean immunoreactivity scores (IS) were analyzed. In the

case of frequency of expression, different criteria for
positivity were employed for the different antigens
because there were great differences in the frequencies
of expression of the various molecules in normal
gallbladder epithelia; these ranged from 0 % (cyclin D1)
to 100 % (RB). For p27, RB, and MSH2, we defined
cases with more than 50 % positive tumor cells of
moderate intensity as positive. In contrast, for p53,
cyclin D1, and Ki-67, cases with more than 5% positive
cells were defined as positive.
Statistical Analysis

Statistical analyses were performed using Fisher’s
exact test, Pearson’s χ2 test, the Mann-Whitney test,
Kruskal-Wallis test, and Turkey HSD, together with the
Duncan test as post hoc test. The Mann-Whitney test,
Kruskal-Wallis test, Turkey HSD, and Duncan test were
used to compare mean immunoreactive scores. The
association of the expression rate with
clinicopathological factors was assessed by cross-
tabulation, and significance of difference was
determined with Fisher’s exact test and Pearson’s χ2 test.
A P value less than 0.05 was regarded as statistically
significant. All statistical analyses were performed with
SPSS software (SPSS, Chicago, USA).
Results

Expression of cyclin D1, RB, p27 and p53 

Normal gallbladder epithelia were consistently
negative for nuclear cyclin D1. Nuclear and cytoplasmic
staining for cyclin D1 was significantly higher in
gallbladder carcinoma, adenoma and low-grade
dysplasia than in normal mucosa (P<0.05, P<0.01,
P<0.05, respectively) (Table 2) (Fig. 1A). Cytoplasmic
staining was observed in 1 out of 12 carcinomas, 3 out of
5 adenomas and 1 out of 4 low-grade dysplasias. 

Most of the gallbladder lesions and normal epithelia
had high levels of RB protein, and there was diffuse,
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Table 2. Frequency of expression of cell-cycle-regulated proteins (p53, RB, c-erbB2, cyclin D1, p27, MSH2, and ki-67) in carcinoma, adenoma, low-
grade dysplasia, metaplasia and normal gallbladder epithelium.

LESION No. p53 RB CYCLIN D1 Ki67 p27 MSH2
no. P no. P no. P no. P no. P no. P

positive (%) positive (%) positive (%) positive (%) positive (%) positive (%)

Carcinoma (CA) 46 27 (58.7%) 38 (82.6%) 12 (26.1%) 42 (91.3%) 11 (23.9%) 35 (76.1%)
Adenoma (AD) 14 1 (7.1%) 9 (64.3%) 5 (35.7%) 5 (35.7%) 5 (35.7%) 4 (28.6%)
Low grade dysplasia (LD) 15 1 (6.7%) 0.000 13 (86.7%) a 4 (26.7%) b 6 (40%) 0.000 5 (33.3%) c 6 (40%) 0.003
Metaplasia (MP) 9 1 (11.1%) 8 (88.9%) 1 (11.1%) 3 (33.3%) 2 (22.2%) 3 (33.3%)
Normal (NL) 20 0 (0%) 20 (100%) 0 (0%) 4 (20%) 10 (50%) 9 (45%)

NS: not significant;  a: CA vs NL, P<0.05, AD vs NL, P<0.01 (all other pairs did not reach significance).; b: CA vs NL, P<0.05, AD vs NL, P<0.01, LD vs
NL, P<0.05 (all other pairs did not reach significance). c: CA vs NL, P<0.05 (all other pairs did not reach significance). Different criteria for positivity are
used. For p53, cyclin D1 and Ki-67, the cases with more than 5% positive cells are defined as positive. However, for RB, p27 and MSH2, the criterion
for positivity are increased to more than 50% positive cells of at least moderate intensity. 



62
Immunohistochemical study of expression of cell-cycle related proteins in gallbladder lesions

Fig. 1. Immunostaining of gallbladder carcinoma using antibodies that recognize different cell-cycle-related molecules. Tissues and antibodies used
were as follows: adenocarcinoma with anti-cyclin D1 (A); adenocarcinoma with anti-RB (B); adenocarcinoma with anti-p27 (C); adenocarcinoma with
anti-p53 (D); adenocarcinoma with anti-Ki67 (E); and adenocarcinoma with anti-MSH2 (F). Note that there isprominent nuclear staining 



strong nuclear staining for RB in almost all normal
gallbladder mucosa. The frequency of RB expression
was reduced in the carcinomas and adenomas (P<0.05,
P<0.01, respectively) (Table 2). However, the pattern of

cyclin D1 and RB expression in carcinoma did not
correlate with any clinicopathological parameters such
as age, sex, histological differentiation, lymph node
involvement, or clinical stage (Tables 3,4).
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Table 3. Clinicopathological features and frequency of expression of cell-cycle proteins in gallbladder carcinoma.

VARIABLE No. p53 RB CYCLIN D1 Ki67 p27 MSH2
no. P no. P no. P no. P no. P no. P

positive (%) positive (%) positive (%) positive (%) positive (%) positive (%)

Age
≤ 65years 24 17 (70.8%) NS 20 (83.3%) NS 6 (25.0%) NS 20 (83.3%) .045 6 (25.0%) NS 16 (66.7%) NS
>65years 22 10 (45.5%) 18 (81.8%) 6 (27.3%) 22 (100%) 5 (22.7%) 19 (86.4%)

Sex
Female 24 12 (50%) NS 21 (87.5%) NS 7 (29.3%) NS 22 (91.7%) NS 5 (20.8%) NS 18 (75%) NS
Male 22 15 (68.2%) 17 (77.3%) 5 (22.7%) 20 (90.9%) 6 (27.3%) 17 (77.3%)

Lymph node metastasis
Negative 32 21 (65.6%) NS 27 (84.4%) NS 8 (25%) NS 28 (87.5%) NS 8 (25.0%) NS 24 (75%) NS
Positive 14 6 (42.9%) 11 (78.6%) 4 (28.6%) 14 (100%) 3 (21.4%) 11 (78.6%)

Stage
0 6 5 (83.3%) a 5 (83.3%) NS 1 (16.7%) NS 2 (33.3%) .000 2 (33.3%) NS 3 (50%) b
I 4 4 (100%) 4 (100%) 1 (25%) 4 (100%) 2 (50%) 2 (50%)
II 14 8 (57.1%) 13 (92.9%) 5 (35.7%) 14 (100%) 3 (21.4%) 13 (92.9%)
III 17 8 (47.1%) 13 (76.5%) 4 (23.5%) 17 (100%) 3 (17.6%) 15 88.2%
IV 5 2 (40%) 3 (60%) 1 (20%) 5 (100%) 1 (20%) 2 40%

Grade
G1 24 15 (62.5%) NS 19 (79.2%) NS 6 (25%) NS 20 (83.3%) NS 4 (16.7%) NS 16 (66.7%) NS
G2 17 10 (58.8%) 16 (94.1%) 5 (29.4%) 17 (100%) 4 (23.5%) 14 (82.4%)
G3 5 2 (40%) 3 (60%) 1 (20%) 5 (100%) 3 (60%) 5 (100%)

NS: not significant. a: 0+I vs III+IV, P=0.025 (all other pairs did not reach significance); b: 0+I vs II+III+IV, P< 0.05 (all other pairs did not reach
significance).

Table 4. Clinicopathological features and mean of nuclear immunoreactivity scores of cell-cycle regulated proteins in gallbladder carcinoma.

VARIABLE p53 RB CYCLIN D1 Ki67 p27 MSH2
No. IS P IS P IS P IS P IS P IS P

Age
≤ 65years 24 5.21±4.68 NS 7.42±2.98 NS 0.71±1.92 NS 3.00±2.00 NS 3.92±2.76 NS 6.50±3.20 0.028
>65years 22 4.64±4.98 7.45±3.33 1.09±2.04 4.32±2.23 3.00±2.85 8.59±3.22

Sex
Female 24 4.54±4.70 NS 7.79±2.92 NS 1.13±2.01 NS 3.46±2.26 NS 2.87±2.95 .042 7.58±3.73 NS
Male 22 5.36±4.94 7.05±3.34 0.64±1.94 3.82±2.15 4.14±2.55 7.41±2.95

Lymph node metastasis
Negative 32 5.50±4.87 NS 7.56±3.15 NS 0.91±2.05 NS 3.22±2.01 NS 3.66±3.01 NS 7.16±3.06 NS
Positive 14 3.64±4.47 7.14±3.13 0.86±1.83 4.57±2.38 3.07±2.34 8.29±3.93

Stage
0 6 7.17±4.58 a 6.17±3.25 NS 0.50±1.22 NS 1.00±1.55 .013 4.83±1.83 b 6.33±3.20 c
I 4 7.00±5.77 8.75±2.06 2.25±4.50 4.00±1.41 6.00±4.24 5.50±2.65
II 14 4.93±4.87 8.14±2.14 0.93±1.73 3.50±1.40 3.00±3.19 7.36±2.31
III 17 4.53±4.93 7.47±3.71 0.88±1.87 4.71±2.28 3.29±2.17 9.18±3.19
IV 5 2.00±2.92 5.80±3.70 0.20±0.45 3.20±2.59 1.80±2.39 5.20±5.02

Grade
G1 24 4.83±4.71 NS 6.88±3.11 NS 0.88±2.19 NS 2.50±1.62 .000 3.29±3.06 NS 6.38±3.06 .025
G2 17 5.29±4.96 8.82±2.46 0.82±1.47 4.35±1.73 3.24±2.41 8.35±3.53
G3 5 4.20±5.50 5.40±3.78 1.20±2.68 6.60±2.51 5.20±2.77 10.00±1.87

NS: not significant. a, b: 0+I vs II+III+IV, P< 0.05 (all other pairs did not reach significance); c: 0+I vs II+III+IV, P=0.072.



Weak to strong p27 nuclear immunoreactivity was
observed in all normal epithelia, and a high level of
expression of p27 was less common in the carcinomas
than in normal gallbladder epithelia (P<0.05) (Table 2)
(Fig. 1C). In addition, p27 expression was lower in
female patients and in the advanced stage carcinomas
(II+III+IV) (P<0.05) (Table 4). Expression of p53 was
higher in carcinoma than in the other pre-cancerous
conditions (P<0.001) (Table 2) (Figure 1D).
Furthermore, both the frequency and intensity of p53
expression were higher in the earlier stages (0, I) than in
the advanced stages (III, IV) (Table 3, 4).
Ki-67 expression

Expression of Ki-67 was more frequent and stronger
in gallbladder carcinoma than in the other conditions
(P<0.01) (Table 2) (Fig. 1E). Expression in carcinoma
was more prevalent in the advanced stage and in older
patients (P<0.01, P<0.05, respectively) (Table 3). In
addition staining intensity was higher in advanced stage
and poorly differentiated carcinomas (P<0.05, P<0.01,
respectively) (Table 4). 
MSH2 expression

Expression of MSH2 was higher in carcinomas than
in the other conditions (P<0.01) (Table 2) (Fig. 1F). It
was more frequent in advanced cases (II + III + IV)
(P<0.05) (Table 3), and its expression level was higher
in older patients and poorly differentiated carcinomas
(P<0.05) (Table 4). 
Discussion

In this study we examined the expression of cell-
cycle molecules in pathological lesions of the
gallbladder, carcinomas, adenomas, low-grade

dysplasias, and metaplasias, and the correlation between
the expression of these molecules and clinico-
pathological parameters. We noted a reduced expression
of RB and p27 and increased expression of p53, cyclin
D1, Ki67, and MSH2 in carcinoma (Fig. 2).
Furthermore, expression of p53, Ki67, p27, and MSH2
correlated with clinical stage (Tables 3, 4; Fig. 2).
Another novel finding is that Ki67 and MSH2 over-
expression was more frequent in older patients (>65
years) and that expression of p27 was greater in males.
In adenomas, we observed a reduced expression of RB
and an increased expression of cyclin D1. 

The overexpression of p53 in gallbladder carcinoma,
and its correlation with clinical stage, agree well with
previous data (Quan et al., 2001). They suggest that
mutation of p53 is an important early event in
gallbladder tumor formation and progression, and that it
is reflected in the biological behavior and prognosis of
the cancer.

Over-expression of cyclin D1 is an early event in the
development of human colorectal and esophageal
cancers (Jiang et al., 1993; Arber et al., 1996). Cyclin
D1 expression has also been reported in gallbladder
carcinoma, and our result is in good agreement with
these previous reports (Hui et al., 2000a; Itoi et al.,
2000). However, in contrast to these previous reports we
failed to find any association between cyclin D1
expression and clinicopathological parameters such as
metastasis to lymph nodes, or tumor stage. 

Even though the loss of RB protein function is
considered a key event in the development of a variety
of human neoplasms, expression of RB protein in
gallbladder carcinoma has not been reported before. In
intrahepatic cholangiocarcinoma, which arises from
biliary tract epithelium, having the same developmental
origin as the gallbladder epithelium, the loss of Rb
protein was detected in five out of 42 cases (11.9%),
with no positive relationship with clinical stage (Kang et
al., 2002). Analogous data have been obtained for
cancers of other organs such as stomach and esophagus
(Nita et al., 1999; Lee et al., 2003). Despite the
difference in organs, our results are compatible with
those findings. 

Reduced expression of p27 has been found in a
variety of human tumors, including gastrointestinal
carcinoma, breast cancer, and prostate cancer (Tan et al.,
1997; Claudio et al., 2002; Hirabayashi et al., 2002; Nitti
et al., 2002; Noguchi et al., 2003). Recently, Fero et al.
(1998) reported that p27 is haplo-insufficient for tumor
suppression. This supports the notion that decreased p27
expression predisposes to abnormal cell proliferation and
tumor progression. However, there have been few
studies of p27 expression in gallbladder carcinoma (Hui
et al., 2000b; Filipits et al., 2003), and according to
those, decreased p27 expression is common and
associated with less pronounced tumor cell
differentiation, lymphatic invasion, lymph node
metastasis, and advanced TNM stage (Hui et al., 2000b;
Filipits et al., 2003); this is consistent with the main
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Fig. 2. The hypothesis of implications of cell-cycle molecules and MSH2
in the progression of gallbladder lesions.



thrust of our results.
Kohya et al. (2002), found positive nuclear

immunostaining for hMSH2 in 16 (41.0%) out of 39
gallbladder carcinomas and there was no correlation
with clinicopathological parameters other than age.
However, we found a correlation between hMSH2
expression and several clinicopathological parameters,
notably histological differentiation, clinical stage and
age. 

Based on our results we suggest that aberrant
expression of cyclin D1 and p53, and down-regulation of
RB, are relatively early events in gallbladder tumor
progression, and that increased expression of Ki67 &
MSH2 and down regulation of p27 occur later. This
implies that regulation of the G1/S transition is
important, since these three molecules all participate in
regulation of the G1/S phase. Hence, defective
regulation of the G1/S checkpoint may be an early step
in tumor progression. The increased expression of
MSH2 in later gallbladder carcinomas is in contrast with
the development of adenoma-carcinoma of the colon
where MSH2 mutation is an early event (De Jong et al.,
2004). This suggests that the molecular mechanism of
tumor progression in the gallbladder is not in all respects
the same as in the colon. And this discrepancy may be
also stemmed from the fact that majority of gallbladder
carcinoma follows metaplasia-dysplasia-carcinoma
sequence instead of adenoma-carcinoma sequence.

In conclusion, our results suggest that alterations in
the expression of the cell-cycle-related proteins p53, Rb,
cyclin D1, p27, Ki-67 as well as of hMSH2, are
implicated in various stages of tumor progression and
may provide insight about the pathogenesis of
gallbladder carcinoma.
References

Arber N., Hibshoosh H., Moss S.F., Sutter T., Zhang Y., Begg M., Wang
S., Weinstein I.B. and Holt PR. (1996). Increased expression of
cyclin D1 is an early event in multistage colorectal carcinogenesis.
Gastroenterology 110, 669-674.

Bartkova J., Zemanova M. and Bartek J. (1996). Abundance and
subcellular localisation of cyclin D3 in human tumors. Int. J. Cancer.
65, 323-327.

Claudio P.P., Zamparelli A., Garcia F.U., Claudio L., Ammirati G., Farina
A., Bovicelli A., Russo G., Giordano G.G., McGinnis D.E., Giordano
A. and Cardi G. (2002). Expression of cell-cycle-regulated proteins
pRb2/p130, p107, p27(kip1), p53, mdm-2, and Ki-67 (MIB-1) in
prostatic gland adenocarcinoma. Clin. Cancer. Res. 8, 1808-1815.

De Jong A.E., Morreau H., Van Puijenbroek M., Eilers P.H., Wijnen J.,
Nagengast F.M., Griffioen G., Cats A., Menko F.H., Kleibeuker J.H.
and Vasen H.F. (2004). The role of mismatch repair gene defects in
the development of adenomas in patients with HNPCC.
Gastroenterology 126,42-48.

De Paola F., Vecci A.M., Granato A.M., Liverani M., Monti F., Innoceta
A.M., Gianni L., Saragoni L., Ricci M., Falcini F., Amadori D. and
Volpi A. (2002). p27/kip1 expression in normal epithelium, benign
and neoplastic breast lesions. J. Pathol. 196, 26-31.

Fero M.L., Randel E., Gurley K.E., Roberts J.M. and Kemp C.J. (1998).

The murine gene p27Kip1 is haplo-insufficient for tumour
suppression. Nature 396, 177-180.

Filipits M., Puhalla H. and Wrba F. (2003). Low p27kip1 expression is an
independent prognostic factor in gallbladder carcinoma. Anticancer
Res. 23, 675-680.

Gillett C., Fantl V., Smith R., Fisher C., Bartek J., Dickson C., Barnes D.
and Peters G. (1994). Amplification and overexpression of cyclin D1
in breast cancer detected by immunohistochemical staining. Cancer
Res. 54, 1812-1817.

Greenblatt M.S., Bennett W.P., Hollstein M. and Harris C.C. (1994).
Mutations in the p53 tumor suppressor gene: clues to cancer
etiology and molecular pathogenesis. Cancer Res. 54, 4855-4878.

Greene F.L., Page D.L., Fleming I.D., Fritz A.G.., Balch C.M., Haller
D.G. and Morrow M. (2002). American joint committee on cancer
staging manual. 6th ed. Springer. New York. pp 139-144.

Harbour J.W. and Dean D.C. (2000). Rb function in cell-cycle regulation
and apoptosis. Nat. Cell. Biol. 2, 65-67.

Hahn W.C., Counter C.M., Lundberg A.S., Beijersbergen R.L., Brooks
M.W. and Weinberg R.A. (1999). Nature 400, 464-468.

Hirabayashi H., Ohta M., Tanaka H., Sakaguchi M., Fujii Y., Miyoshi S.
and Matsuda H. (2002). Prognostic significance of p27KIP1
expression in resected non-small cell lung cancers: analysis in
combination with expressions of p16INK4A, pRB, and p53. J. Surg.
Oncol. 81, 177-184. 

Hommura F., Dosaka-Akita H., Mishina T., Nishi M., Kojima T., Hiroumi
H., Ogura S., Shimizu M., Katoh H., Kawakami Y. (2000). Prognostic
significance of p27KIP1 protein and Ki-67 growth fraction in non-
small cell lung cancers. Clin. Cancer. Res. 6, 4073-4081.

Hui A.M., Li X., Shi Y.Z., Takayama T., Torzilli G. and Makuuchi M.
(2000a). Cyclin D1 overexpression is a critical event in gallbladder
carcinogenesis and independently predicts decreased survival for
patients with gallbladder carcinoma. Clin. Cancer. Res. 6, 4272-
4277.

Hui A.M., Li X., Shi Y.Z., Torzilli G., Takayama T. and Makuuchi M.
(2000b). p27(Kip1) expression in normal epithelia, precancerous
lesions, and carcinomas of the gallbladder: association with cancer
progression and prognosis. Hepatology 31, 1068-1072.

Itoi T., Shinohara Y., Takeda K., Nakamura K., Takei K., Sanada J.,
Horibe T., Saito T., Kasuya K. and Ebihara Y. (2000). Nuclear cyclin
D1 overexpression is a critical event associated with cell proliferation
and invasive growth in gallbladder carcinogenesis. J. Gastroenterol.
35, 142-149.

Jiang W., Zhang Y.J., Kahn S.M., Hollstein M.C., Santella R.M., Lu S.H.,
Harris C.C., Montesano R. and Weinstein I.B. (1993). Altered
expression of the cyclin D1 and retinoblastoma genes in human
esophageal cancer. Proc. Natl. Acad. Sci. USA 90, 9026-9030.

Kang Y.K., Kim W.H. and Jang J.J. (2002). Expression of G1-S
modulators (p53, p16, p27, cyclin D1, Rb) and Smad4/Dpc4 in
intrahepatic cholagiocarcinoma. Hum. Pathol. 33, 877-883.

Kawauchi S., Goto Y., Liu X.P., Furuya T., Oga A., Oda Y., Tsuneyochi
M., Ihara K. and Sasaki K. (2001). Low expression of P27(kip1), a
cyclin-dependent kinase inhibitor, is a marker of poor prognosis in
synovial sarcoma. Cancer 91, 1005-1012.

Kim S.H., Jung K.C., Shin Y.K., Lee K.M., Park Y.S., Choi Y.L., Oh K.I.,
Kim M.K., Chung D.H., Song H.G. and Park S.H. (2002). The
enhanced reactivity of endogenous biotin-like molecules by antigen
retrieval procedures and signal amplification with tyramine.
Histochem. J. 34, 97-103. 

Kim S.H., Kook M.C., Shin Y.K., Park S.H. and Song H.G. (2004).

65
Immunohistochemical study of expression of cell-cycle related proteins in gallbladder lesions



Evaluation of antigen retrieval systems. J. Mol. Histol. 35, 409-
416.

Kim S.H., Shin Y.K., Lee K.M., Lee J.S., Yun J.H. and Lee S.M. (2003).
An improved protocol of biotinylated tyramine-based
immunohistochemistry minimizing nonspecific background staining.
J. Histochem. Cytochem. 51, 129-132.

Kohya N., Miyazaki K., Matsukaura S., Yakushiji H., Kitajima Y.,
Kitahara K., Fukuhara M., Nakabeppu Y. and Sekiguchi M. (2002).
Deficient expression of O6-methylguanine-DNA methyltransferase
combined with mismatch repair proteins hMLH1 and hMSH2 is
related to poor prognosis in human biliary carcinoma. Ann. Surg.
Oncol. 9, 371-379.

Lee H.S., Lee H.K., Kim H.S., Yang H.K. and Kim W.H. (2003). Tumour
suppressor gene expression correlates with gastric cancer
prognosis. J. Pathol. 200, 39-46.

Manfredi S., Benhamiche A.M., Isambert N., Prost P., Jouve J.L. and
Faivre J. (2000). Trends in incidence and management of
gallbladder carcinoma. A population-based study in France. Cancer
89, 757-762.

Nishida N., Fukuda Y., Komeda T., Kita R., Sando T., Furukawa M.,
Amenomori M., Shibagaki I., Nakao K. and Ikenaga M. (1994).
Amplif ication and overexpression of the cyclin D1 gene in
aggressive human hepatocellular carcinoma. Cancer Res. 54, 3107-
3110.

Nita M.E., Nagata H., Tominaga O., Tsuno N., Hatano K., Kitayama J.,

Tsuruo T., Domene C.E. and Muto T. (1999). p21Waf1/Cip1
expression is a prognostic marker in curatively resected esophageal
squamous cell carcinoma, but not p27Kip1, p53, or Rb. Ann. Surg.
Oncol. 6, 481-488.

Nitti D., Belluco C., Mammano E., Marchet A., Ambrosi A., Mencarelli
R., Segato P. and Lise M. (2002). Low level of p27(Kip1) protein
expression in gastric adenocarcinoma is associated with disease
progression and poor outcome. J. Surg. Oncol. 81, 167-175.

Noguchi T., Kikuchi R., Ono K., Takeno S., Moriyama H. and Uchida Y.
(2003). Prognostic significance of p27/kip1 and apoptosis in patients
with colorectal carcinoma. Oncol. Rep. 10, 827-831.

Quan Z.W., Wu K., Wang J., Shi W., Zhang Z. and Merrell R.C. (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, 380-383.

Sherr C.J. (1996). Cancer cell cycles. Science 274, 1672-1677.
Sinicrope F.A., Ruan S.B., Cleary K.B., Stephens L.C., Lee J.J. and

Levin B. (1995). bcl-2 and p53 oncoprotein expression during
colorectal tumorigenesis. Cancer Res. 55, 237-241.

Tan P., Cady B., Wanner M., Worland P., Cukor B., Magi-Galluzzi C.,
Lavin P., Draetta G., Pagano M. and Loda M. (1997). The cell cycle
inhibitor p27 is an independent prognostic marker in small (T1a,b)
invasive breast carcinomas. Cancer Res. 57, 1259-1263.

Accepted August 12, 2004

66
Immunohistochemical study of expression of cell-cycle related proteins in gallbladder lesions


