MOLECULAR MEDICINE REPORTS 14: 4581-4592, 2016

MCM2 and TIP30 are prognostic markers in
squamous cell/adenosquamous carcinoma and
adenocarcinoma of the gallbladder
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Abstract. The clinicopathological and biological character-
istics of squamous cell/adenosquamous carcinoma (SC/ASC)
of the gallbladder remain to be fully elucidated, due to the
fact that it is a rare gallbladder cancer subtype. In the current
study, the expression of minichromosome maintenance
complex component 2 (MCM2) and HIV-1 tat interactive
protein 2 (TIP30) was measured in 46 cases of SC/ASC and
80 adenocarcinomas (AC) using immunohistochemistry. Posi-
tive MCM2 and negative TIP30 expression were significantly
associated with large tumor size, high TNM stage, invasion,
Ilymph node metastasis and lack of surgical curability in
SC/ASC and AC. Positive MCM?2 and negative TIP30 expres-
sion were significantly associated with poor differentiation in
AC, whereas only MCM2 was correlated with differentiation
in SC/ASC. Univariate Kaplan-Meier analysis demonstrated
that positive MCM2 and negative TIP30 expression, the
degree of differentiation, tumor size, TNM stage, invasion,
lymph node metastasis and surgical curability were signifi-
cantly associated with post-operative survival in patients
with SC/ASC and AC. Multivariate Cox regression analysis
demonstrated that positive MCM?2 and negative TIP30 expres-
sion, the degree of differentiation, tumor size, TNM stage,
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invasion, lymph node metastasis and lack of surgical curability
were also independent predictors of poor prognosis in patients
with SC/ASC and AC. These data suggest that positive MCM2
and negative TIP30 expression are closely correlated with the
clinical, pathological and biological parameters, in addition to
poor prognosis in patients with gallbladder cancer.

Introduction

Gallbladder cancers (GBCs) are the fifth most common type
of gastrointestinal cancer and the most common biliary tract
malignancy in the USA (1,2). The prognosis of GBC is poor
with a high mortality. Early diagnosis is rare due to the lack
of specific signs or symptoms (3). Consequently, over 90% of
patients with GBC are diagnosed at an inoperable stage with
significant invasion and metastasis to other organs (4). The
majority of GBCs are adenocarcinomas (AC; >90%) (5), whereas
other histopathological subtypes including mucinous, papillary,
and squamous subtypes are observed only rarely (2). Squamous
cell/adenosquamous carcinoma (SC/ASC) represents 1-12% of
GBCs (2,6). The clinicopathological characteristics of SC/ASC
remain to be well documented, due to the fact that the majority
of currently available data describe individual case reports or
the analysis of small case series. Therefore, therapeutic inter-
ventions for SC/ASC remain to be fully elucidated (7). Although
biomarkers for predicting the prognosis of AC have been
investigated, none of the proposed markers have yet reached
clinical application (8). Notably, no biomarkers associated with
the progression and prognosis of SC/ASC have been reported.
Therefore, it is important to document the clinicopathological
and biological characteristics of SC/ASC.

Ki-67 and proliferating cell nuclear antigen (PCNA)
are two conventional proliferation markers used for routine
clinical diagnosis and/or prognostic prediction for several
types of cancer (9). However, these two markers are associated
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with significant problems. For example, Ki-67 serves a role
in ribosome biosynthesis, and is not directly responsible for
cell proliferation (10). In addition, the labeling index of Ki-67
immunostaining is usually affected by external factors such
as nutrient deprivation (11). Notably, the precise function of
Ki-67 remains unclear (12,13). PCNA is a marker of DNA
replication that is also required for DNA repair. Therefore,
it is a less specific marker (9,14). Previously, geminin was
identified as a novel tumor cell proliferation marker. However,
geminin expression was restricted to S, G, and early M phase
of the cell cycle (9,14), thus the labeling index of geminin
identifies only the number of actively proliferating cells that
have passed G, phase. Therefore, there remains a requirement
for the identification of more specific and precise markers to
facilitate patient diagnosis and/or prognosis.

The minichromosome maintenance (MCM) complex
components 2-7 are essential for DNA replication in all
eukaryotic cells, and are expressed more frequently in cancer
cells compared with normal cells (15). Unlike Ki-67 and
PCNA, MCM proteins are required in cycling cells, however
are absent from quiescent cells. Immunostaining with anti-
bodies against MCM identified a greater number of cells in
the cell cycle than that of either PCNA or Ki-67 (16). This
supports the potential clinical applications of MCM proteins
as specific markers of proliferation. In addition, MCM proteins
have demonstrated potential for diagnostic and prognostic
applications in several types of human malignancies (9,14).
For example, multivariate analysis identified MCM expression
as an independent negative predictor of patient survival (9). in
addition, MCM expression could be expanded to population
screening for neoplasia at a range of organ sites at which cells
could be obtained for cytological analysis (17-19). However,
the expression of MCM in GBC remains to be assessed.

HIV-1 tat interactive protein 2 (TIP30) was identified
as a transcriptional cofactor that suppresses metastasis by
inhibiting tumor growth (20) and angiogenesis (21,22), and
induces apoptosis (23). Li et al (24) demonstrated that weak or
negative expression of TIP30 contributed to the development
and progression of gastric cancer. When TIP30 expression was
silenced, hepatocellular carcinoma and other tumors developed
spontaneously in mice (25). In contrast, the ectopic expression
of TIP30 increased the expression of a subset of pro-apoptotic
genes (23), and subsequently inhibited tumorigenesis in liver
and lung cells. The direct involvement of MCM in DNA repli-
cation and TIP30 in cell proliferation and apoptosis suggests
that these molecules are potential targets for gene therapy.
Therefore, the identification of proliferation-specific markers,
including MCM and TIP30 expression, is important for the
development of novel GBC treatments.

In the current study, the expression of MCM2 and TIP30
in surgically resected specimens, including AC and SC/ASC,
was examined using immunohistochemistry. The correlation
between MCM2 and TIP30 expression and the clinicopatho-
logical characteristics and prognosis of AC and SC/ASC were
evaluated and compared.

Materials and methods

Case selection. The current study was pre-approved by
The Ethics Committee for Human Research, Central South
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University (Changsha). A total of 46 SC/ASC samples that
underwent surgical resection or biopsy were diagnosed from
a total of 1,060 GBC samples collected between January 1995
and December 2009 from 7 hospitals. A total of 80 AC samples
with available survival information were selected randomly
from 1060 GBC samples for comparison in the present study.
Among the 46 patients with SC/ASC, 27 were female and
19 were male (F/M=1.42) aged 35-82 (mean, 55.8+9.6) years.
Among the 80 patients with AC, 54 were female and 26 were
male (F/M=2.08), aged 33-80 (mean, 53.8+9.9) years. Surgery
included radical resection for 14 SCs/ASCs and 26 ACs, pallia-
tive surgery for 18 SCs/ASCs and 28 ACs, and no operation for
14 SCs/ASCs and 26 ACs with biopsy alone. Survival informa-
tion of all 46 SC/ASC and 80 AC patients was obtained through
letters and phone calls. The follow-up time of the study was
2 years. Individuals whom survived longer than 2 years were
included in the analysis as censored cases.

Immunohistochemistry staining. Mouse anti-MCM?2
(sc-373702), mouse anti-TIP30 (sc-55343) and horseradish
peroxidase (HRP)-conjugated anti-mouse secondary
antibodies (sc-2010) were purchased from Santa Cruz Biotech-
nology, Inc. (Santa Cruz, CA, USA). Staining was performed
using the peroxidase-based EnVision™ Detection kit (Dako
North America, Inc., Carpinteria, CA, USA) following the
manufacturer's instructions. Briefly, 4 uM sections were cut
from routinely paraffin-embedded AC and SC/ASC tissues.
The sections were deparaffinized and incubated with 3% H,0O,
for 15 min, and soaked with phosphate-buffered saline (PBS)
for 3x5 min. They were then incubated with mouse anti-MCM?2
(1:100 dilution) or mouse anti-TTP30 (1:100) antibodies for 1 h
at room temperature. Subsequent to rinsing the sections with
PBS three times, solution A (containing the HRP-conjugated
secondary antibody) was added and incubated for 30 min.
DAB substrate was then added, followed by hematoxylin
counter-staining. The slides were subsequently dehydrated
and soaked in xylene for 3x5 min. Positive sections purchased
from Wuhan Boster Biological Technology, Ltd. (Wuhan,
China) were used as the positive control, whereas replacing
the primary antibody with 5% fetal bovine serum was used
as the negative control. The percentage of positive cells was
calculated from 500 cells in 10 random fields. Cases with
=25% positive cells were considered to be positive, whereas
samples with <25% positive cells were negative.

Statistical analysis. Data were analyzed using SPSS soft-
ware, version 14.0 (SPSS, Inc., Chicago, IL, USA). The
associations between MCM2 and TIP30 expression with histo-
logical or clinical factors were analyzed using %> or Fisher's
exact test. Kaplan-Meier and time series analyses were used
for univariate survival analysis. Cox proportional hazards
model was used for multivariate analysis, and to determine the
95% confidence interval. P<0.05 was considered to indicate a
statistically significant difference.

Results
Comparison of clinicopathological characteristics with

MCM?2 and TIP30 expression in SC/IASC and AC. As
presented in Table I, the percentage of cases in patients older
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Table I. Comparison of gallbladder SC/ASC and AC clinicopathological features and MCM?2 and TIP30 expression status.

Clinicopathological characteristic SC (n=46) ASC (n=80) e P-value
Sex
Male 19 (41.3) 26 (32.5) 0.986 0.352
Female 27 (58.7) 54 (67.5)
Age (year)
<45 3(6.5) 16 (20.0) 4.143 0.042
>45 43 (93.5) 64 (80.0)
Differentiation
Well-differentiated 16 (34.8) 27 (33.8)
Moderately differentiated 24 (52.2) 25 (31.3) 8.515 0014
Poorly differentiated 6 (13.0) 28 (35.0)
Maximum diameter of tumor (cm)
<3cm 20 (43.5) 50 (62.5) 4.280 0.039
>3 cm 26 (56.5) 30 (37.5)
Cholecystolithiasis
) 18 (39.1) 42 (52.5) 2.093 0.148
+) 28 (60.9) 38 (47.5)
TNM stages
I+11 12 (26.1) 21(26.3)
I 20 (33.5) 38 (47.5) 0.287 0.866
v 14 (304) 21(26.3)
Lymph node metastasis
©) 17 (37.0) 30 (37.5) 0.004 0.952
+) 29 (63.0) 50 (62.5)
Locoregional invasion
) 16 (34.8) 31 (38.8) 0.197 0.658
+) 30 (62.5) 49 (61.3)
Operation methods
Radical 14 (30.4) 26 (32.5)
Palliative 18 (39.1) 28 (35.0) 0.215 0.898
Without resection 14 (30.4) 26 (32.5)
Mean survival time 10.07 (4-25) 10.34 (3-27) 0.014 0.906
MCM2
) 24 (52.2) 38 (47.5) 0.951 0.382
+) 22 (47.8) 42 (52.5)
TIP30
) 26 (56.5) 38 (47.5) 0.289 0.678
(+) 20 (43.5) 42 (52.5)

SC, squamous cell; ASC, adenosquamous carcinoma; MCM2, minichromosome maintenance complex component 2; TIP30, HIV-1 tat interac-

tive protein 2.

than 45 years and with a tumor mass >3 cm was signifi-
cantly higher in the SC/ASC group compared with the ACs
(P<0.05). In contrast, the percentage of poorly differentiated
tumors was significantly reduced in SC/ASC compared with
AC. No significant differences in other clinicopathological
characteristics (including gender, TNM stage, invasion, lymph
node metastasis, history of gallstones, operative procedure
and average survival time) were observed between the
SC/ASC and AC groups. Immunohistochemistry identified

that MCM2-positive cells exhibited brown nuclear staining,
whereas TIP30-positive cells presented with a brown
membrane and cytoplasmic staining in the SC/ASC (Fig. 1)
and AC (Fig. 2) tissues. In addition, no significant differences
in the percentage of positive MCM?2 and TIP30 expression
was observed between patients with SC/ASC and AC (Table I).

The association of MCM?2 and TIP30 expression with GBC
clinicopathological characteristics. As presented in Table II,
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Figure 1. MCM2 and TIP30 expression in SC/ASC. EnVision immunohistochemistry, original magnification x200. MCM2 and TIP30 positive staining was
mainly localized in the cytoplasm. (A) Positive MCM2 expression in poorly differentiated SC/ASC. (B) Negative MCM2 expression in moderately differenti-
ated SC/ASC. (C) Positive TIP30 expression in well differentiated SC/ASC. (D) Negative TIP30 expression in moderately differentiated SC/ASC. MCM2,
minichromosome maintenance complex component 2; TIP30, HIV-1 tat interactive protein 2; SC, squamous cell; ASC, adenosquamous carcinoma.

Figure 2. MCM2 and TIP30 expression in AC. EnVision immunohistochemistry, original magnification x200. MCM2 and TIP30 positive staining was mainly
localized in the cytoplasm. (A) Positive MCM2 expression in poorly differentiated AC. (B) Negative MCM2 expression in well differentiated AC. (C) Positive
TIP30 expression in well differentiated AC. (D) Negative TIP30 expression in poorly differentiated AC. MCM2, minichromosome maintenance complex
component 2; TIP30, HIV-1 tat interactive protein 2; AC, adenocarcinoma.
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Table II. The association of MCM?2 and TIP30 expression with the clinicopathological characteristics of SC/ASC.
MCM2 TIP30
Clinicalpathological
characteristics Total no. Pos no. (%) e P-value Pos no. (%) e P-value
Sex 0.090 0.765 1.565 0.211
Male 19 9474) 12 (63.2)
Female 27 14 (51.9) 12 (44.6)
Age (years) 0.357 0.550 0.270 0.603
<45 3 1(333) 2 (66.7)
>45 43 22 (51.2) 22 (51.2)
Pathological type 0.354 0.552 2.333 0.127
SC 26 14 (53.8) 11 (42.3)
ASC 20 9 (45.0) 13 (65.0)
Differentiation 7.167 0.028 3.753 0.153
Well 16 6 (37.5) 10 (62.5)
Moderately 24 11 (45.8) 13 (54.2)
Poorly 6 6 (100.0) 1(16.7)
Tumor mass size 5.662 0.017 7.389 0.007
<3 cm 20 6 (30.0) 15 (75.0)
>3 cm 26 167 (65.4) 9 (34.6)
Gallstones 0.365 0.546 0.708 0.400
No 18 10 (55.6) 8(444)
Yes 28 13 (46.4) 16 (57.1)
TNM stage 10.943 0.004 9.936 0.008
I+11 12 3(25.0) 10 (83.3)
11 20 8 (40.0) 11 (55.0)
v 14 12 (85.7) 3(214)
Lymph metastasis 4572 0.032 6.379 0.012
No 17 5(294) 13 (76.5)
Yes 29 18 (62.1) 11 (37.9)
Invasion 6.133 0.013 12.270 0.000
No 16 4(25.0) 14 (87.5)
Yes 30 19 (63.3) 10 (33.3)
Surgery 7.365 0.025 9.296 0.00
Radical 14 3(214) 11 (78.6)
Palliative 18 10 (55.6) 10 (55.6)
Biopsy 14 10 (71.4) 3(214)

MCM?2, minichromosome maintenance complex component 2; TIP30, HIV-1 tat interactive protein 2; SC, squamous cell; ASC, adenosqua-

mous carcinoma.

the percentage of positive MCM?2 and negative TIP30 expres-
sion in tumor tissues was significantly associated with large
tumor size, high TNM stage, invasion, lymph node metastasis
and no surgical curability of SC/ASC (P<0.05 or P<0.01). Posi-
tive MCM2 expression was significantly associated with poor
differentiation in SC/ASC (P<0.05). There was no significant
association between MCM?2 and TIP30 and pathological type,
gender, age and history of gallstones.

As presented in Table III, the percentage of positive
MCM?2 and negative TIP30 expression in AC tumors was
significantly higher in cases with poor differentiation, larger

tumor mass, higher TMN stage with lymph node metastasis,
invasion to the tissues and organs surrounding the gallbladder
and lack of surgical curability when compared with cases
that were well differentiated, had a small tumor mass, lower
TMN stage, no lymph metastasis, no invasion and that were
radically resected (P<0.05, P<0.01). There was no association
between MCM2 and TIP30 and gender, age and history of
gallstones.

The correlation of MCM?2 and/or TIP30 expression with
survival in patients with SC/ASC and AC. Survival information
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Table I1I. The association of MCM?2 and TIP30 expression with the clinicopathological characteristics of AC.

MCM2 TIP30
Clinicopathological
characteristics Total no. Pos no. (%) P-value Pos no. (%) e P-value
Sex 0.000 0.990 0.024 0.877
Male 26 14 (53.8) 13 (50.0)
Female 54 29 (83.7) 26 (48.1)
Age (years) 2.124 0.145 3.202 0.074
<45 16 6(37.5) 11 (68.8)
>45 64 37 (57.8) 28 (43.8)
Differentiation 7.880 0.019 10.784 0.004
Well 27 11 (40.7) 20 (74.1)
Moderately 25 11 (44.0) 10 (40.0)
Poorly 28 21 (75.0) 9 (32.1)
Tumor mass size 5.099 0.024 6.754 0.009
<3 cm 50 22 (44.0) 30 (60.0)
>3 cm 30 21 (70.0) 9 (30.0)
Gallstones 1.337 0.248 1.279 0.258
No 42 20 (47.6) 23 (54.8)
Yes 38 23 (60.5) 16 (42.1)
TNM stage 11.943 0.003 7.328 0.026
I+1I 21 8 (38.1) 13 (61.9)
111 38 17 (44.7) 21 (55.3)
v 21 18 (85.7) 5(23.8)
Lymph metastasis 5.635 0.018 4.086 0.043
No 30 11 (36.7) 19 (63.3)
Yes 50 32 (64.0) 20 (40.0)
Invasion 4.605 0.036 5.035 0.025
No 31 12 (38.7) 20 (64.5)
Yes 49 31(63.3) 19 (38.8)
Surgery 8.665 0.013 7.449 0.024
Radical 26 10 (38.5) 16 (61.5)
Palliative 28 13 (46.4) 16 (57.1)
Biopsy 26 20 (76.9) 7(26.9)

MCM?2, minichromosome maintenance complex component 2; TIP30, HIV-1 tat interactive protein 2; AC, adenocarcinoma.

for the 46 patients with SC/ASC was obtained through letters
and phone calls. The follow-up time was 2 years, and patients
who survived longer than 2 years were included in the analysis
as censored cases. A total of 13 patients survived >1 year (of
which 4 survived >2 years), and 33 patients survived <1 year,
with a mean survival time of 10.07+0.78 months. Kaplan-Meier
survival analysis demonstrated that differentiation, tumor size,
TNM stage, lymph node metastasis, invasion and the opera-
tive procedure were significantly associated (P<0.001) with
mean survival time in SC/ASC patients (Table IV). The mean
survival time of MCM2-positive patients was significantly
lower compared with MCM2-negative patients (P<0.001). In
contrast, the mean survival time of TIP30-positive patients was
significantly greater than TIP30-negative patients (P<0.001)
(Table IV; Fig. 3). Cox multivariate analysis indicated that

tumor size =3 cm, TMN stage, lymph node metastasis, inva-
sion, operative procedure and MCM2-positive expression
or TIP30-negative expression were negatively correlated
with post-operative survival, and positively correlated with
mortality. This suggests that MCM2 positivity is a risk factor,
and that TIP30 is a prognostic indicator in SC/ASC (Table V).

The survival information of 80 patients with AC was also
obtained. A total of 23 patients survived >1 year (of which
9 survived >2 years), and 57 survived <1 year; the mean
survival time was 10.34+0.63 months. Kaplan-Meier survival
analysis indicated that differentiation, tumor size, TNM stage,
lymph node metastasis, invasion and operative procedure were
significantly associated (P<0.001) with the mean survival
time of patients with AC (Table VI). The mean survival time
of MCM2-positive patients with AC was significantly lower
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Table IV. Association between MCM2 and TIP30 expression, clinicopathological characteristics and average survival of SC/ASC
patients.

Clinicopathological Average survival

characteristics Samples (n) (month) Chi-square P-value

Sex 0.767 0.381
Male 19 10.74 (6-24)
Female 27 9.85 (4-24)

Age (years) 2023 0.155
<45 3 15.67 (8-24)
>45 56 9.84 (4-25)

Pathological type 0.223 0.637
SC 26 10.19 (4-24)
ASC 20 10.25 (4-24)

Differentiation 19.125 0.000
Well 16 13.81 (5-24)
Moderately 24 8.92 (4-18)
Poorly 6 5.83 (4-9)

Tumor mass size 31.337 0.000
<3cm 20 14.35 (7-24)
>3 cm 26 7.04 (4-11)

Gallstones 3.730 0.053
No 18 8.22 (4-12)
Yes 28 11.50 (4-24)

TNM stage 51.139 0.000
I+II 12 17.00 (9-24)
11 20 9.20 (7-15)
v 14 5.86 (4-8)

Lymph node metastasis 16.219 0.000
No 17 14.24 (4-24)
Yes 29 7.86 (4-15)

Invasion 32.271 0.000
No 16 15.75 (9-24)
Yes 30 7.27 (4-12)

Surgery 50.165 0.000
Radical 14 16.64 (10-24)
Palliative 18 8.50 (6-12)
Biopsy 14 6.00 (4-8)

MCM2 17.096 0.000
- 23 13.17 (6-24)
+ 23 7.26 (4-12)

TIP30 21.434 0.000
- 22 7.05 (4-12)
+ 24 13.13 (6-24)

MCM2, minichromosome maintenance complex component 2; TIP30, HIV-1 tat interactive protein 2; SC, squamous cell; ASC, adenosqua-
mous carcinoma.

than that of MCM2-negative patients with AC (P=0.001), differentiation, tumor size =3 cm, TMN stage, lymph node
whereas the mean survival time of TIP30-positive patients was ~ metastasis, invasion, operative procedure and MCM?2-positive
significantly higher than TIP30-negative patients (P=0.009) or TIP30-negative expression were positively correlated with
(Table VI; Fig. 4). Cox multivariate analysis demonstrated that ~ poor survival in patients with AC (Table VII).



4588 LIU et al: PROGNOSTIC MARKERS OF GALLBLADDER NEOPLASMS

Table V. Multivariate Cox regression analysis of survival rate in SC/ASC patients.

95% confidence
interval
Groups Factors RC SE Wald P RR Lower Upper
Pathological types SC/ASC 0.108 0.360 0.090 0.764 1.114 0.550 2.256
Differatiation Well/moderately/poorly 1.100 0.399 7.600 0.006 3.004 1.374 6.567
Tumor mass size <3/>3 cm 2.351 0.791 8.834 0.003 10.496 2.227 49.470
Gallstone Nol/yes 0.859 0.479 3.216 0.073 2.361 0.923 6.037
TNM stage +I/1I/TV 1.252 0.518 5.842 0.016 3497 1.267 9.653
Lymph metastasis No/yes 1.180 0.473 6.224 0.013 3.254 1.288 8.224
Invasion No/yes 2.624 0.809 10520 0.001 13.791 2.825 67.332
Surgery Radical/palliative/ 1.084 0.467 5.388 0.020 2.956 1.184 7.384
biopsy
MCM2 -/+ 1.136 0.488 5419 0.020 3.114 1.197 8.105
TIP30 -/+ -0.981 0.470 4357 0.037 0.375 0.149 0.942

SC, squamous cell; ASC, adenosquamous carcinoma; RC, regression coefficients; SE, standard error; RR, relative risk; MCM2, minichromo-

some maintenance complex component 2; TIP30, HIV-1 tat interactive protein 2.
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Figure 3. MCM2 and TIP30 expression and survival in patients with SC/ASC
of the gallbladder. (A) Kaplan-Meier plots of overall survival in patients with
SC/ASC and with MCM2 positive and negative expression. (B) Kaplan-Meier
plots of overall survival in patients with SC/ASC and with TIP30 positive and
negative expression. MCM2, minichromosome maintenance complex com-
ponent 2; TIP30, HIV-1 tat interactive protein 2; SC, squamous cell; ASC,
adenosquamous carcinoma.
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Figure 4. MCM2 and TIP30 expression levels and survival in patients
with AC of the gallbladder. (A) Kaplan-Meier plots of overall survival
in patients with AC and with MCM2 positive and negative expression.
(B) Kaplan-Meier plots of overall survival in patients with AC and with
TIP30 positive and negative expression. MCM2, minichromosome main-
tenance complex component 2; TIP30, HIV-1 tat interactive protein 2; AC,
adenocarcinoma.
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Table VI. Association between MCM?2 and TIP30 expression, clinicopathological characteristics and average survival of AC

patients.

Clinicopathological Average survival

characteristics Samples (n) (month) Chi-square P-value

Sex 2.567 0.109
Male 26 9.58 (3-24)
Female 54 11.30 (3-24)

Age (years) 0.003 0.956
<45 16 10.81 (4-24)
>45 64 10.72 (3-24)

Differentiation 32.501 0.000
Well 27 15.07 (5-24)
Moderately 25 10.60 (4-24)
Poorly 28 6.68 (3-14)

Tumor mass size 68.283 0.000
<3 cm 50 13.70 (6-24)
>3 cm 30 5.80 (3-10)

Gallstones 0.246 0.620
No 42 10.19 (3-24)
Yes 38 11.34 (4-24)

TNM stage 105.825 0.000
I+II 21 18.96 (5-24)
11 38 9.29 (6-15)
v 21 5.14 (3-7)

Lymph node metastasis 42372 0.000
No 30 16.27 (4-24)
Yes 50 742 (3-14)

Invasion 55.535 0.000
No 31 16.68 (7-24)
Yes 49 6.98 (3-11)

Surgery 113.141 0.000
Radical 26 18.31 (10-24)
Palliative 28 8.64 (6-11)
Biopsy 26 542 (3-9)

MCM2 11.466 0.001
- 37 13.24 (5-24)
+ 43 8.58 (3-24)

TIP30 6.894 0.009
- 41 8.95 (3-24)
+ 39 12.62 (4-24)

MCM?2, minichromosome maintenance complex component 2; TIP30, HIV-1 tat interactive protein 2; AC, adenocarcinoma.

Discussion

Previous studies suggested that squamous carcinoma prolifer-
ates at a higher rate than AC, however lymph node metastasis
is less common with squamous tumors (26,27). The results
of the current study observed no differences in invasion
and lymph node metastasis between AC and SC/ASC,
however an increased number of patients with SC/ASC had
an increased tumor size. There were also no significant

differences in differentiation, TNM stage, surgical curability
and post-operative survival time between patients with AC
(10.34+0.63 months) and SC/ASC (10.07+0.78 months).
These observations suggest that squamous differentiation
is no more aggressive than glandular differentiation in the
gallbladder. In addition, it was observed that radical resec-
tion was a good prognostic factor in patients with AC and
SC/ASC. However, 86% of patients with SC/ASC and 74%
with AC were diagnosed at an inoperable stage. Inconsistent
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Table VII. Multivariate Cox regression analysis of survival rate in patients with AC.

95% confidence

interval
Groups Factors RC SE Wald P RR Lower Upper
Differatiation Well/moderately/poorly 1.364 0.514 7.042 0.008 3912 1.428 10.713
Tumor mass size <3/>3cm 1.290 0.430 9.000 0.003 3.633 1.564 8.438
Gallstone Nol/yes 0.151 0.270 0.313 0.576 1.163 0.685 1.974
TNM stage [+II/II/IV 1.194 0.469 6.481 0.011 3.300 1.316 8.275
Lymph metastasis Nol/yes 1.059 0.446 5.638 0018 2.883 1.203 6911
Invasion Nol/yes 1.386 0.506 7.503 0.006 3.999 1.483 10.781
Surgery Radical/palliative/biopsy 1.426 0.479 8.863 0.003 4.162 1.628 10.642
MCM2 -/+ 0.995 0.393 6410 0.011 2.705 1.252 5.843
TIP30 -/+ -0.857 0.374 5.251 0.022 0424 0.204 0.883

AC, adenocarcinoma; RC, regression coefficients; SE, standard error; RR, relative risk; MCM2, minichromosome maintenance complex

component 2; TIP30, HIV-1 tat interactive protein 2.

with a previous report concluding that SC/ASC occurs
predominantly in females (F/M=3.8) (6), no difference in
the prevalence of SC/ASC between females and males (F/M
ratio=1.4) was observed in the current study. However, the
prevalence of SC/ASC among older patients was increased
compared with AC. Consistent with previous reports (2,6),
it was observed that 4.34% of GBCs were SC/ASC. This
suggests that the clinicopathological presentation of SC/ASC
was not significantly different from AC. Current knowl-
edge of the clinicopathological characteristics of SC/ASC
was obtained predominantly from individual case reports
or the analysis of small case series. Therefore, the present
study provided more accurate information describing the
differences between the rare SC/ASC subtype and the more
common AC.

Accumulating evidence has demonstrated that low levels of
expression of TIP30 and increased expression of MCM2 corre-
spond with increased malignancy of tumors, high incidence of
metastasis, poor prognosis and high invasive potential (28-31).
In the present study, an extensive collection of human gall-
bladder SC/ASC and AC samples was used to demonstrate
that elevated MCM2 or lowered TIP30 levels are important
prognostic factors, independent of other clinicopathological
factors.

MCM2 is a key protein that regulates the transition of a cell
from G, phase to S phase; its expression is silenced in mature
cells or those in G,. Therefore, MCM2 is a specific marker
that indicates an active state of cell proliferation (28,29).
TIP30 is a serine/threonine kinase that blocks cell function
at G,/G, phase, which subsequently reduces the proportion of
cells in S phase. However, the clinicopathological character-
istics of these proteins in GBC remain to be fully elucidated.
Previous studies reported that MCM levels could reflect
tumor carcinogenesis and progression (9,14). Because of its
high specificity and sensitivity for determining cell prolifera-
tion, MCM2 may be a malignant marker. MCM2 has been
used for population screening for neoplasms for a range of
benign lesions using exfoliated cells (32-34). Positive MCM2

and negative TIP30 expression were significantly associated
with large tumor size, high TNM stage, invasion, lymph
node metastasis, and no surgical curability (only biopsy) of
SC/ASC and AC. Therefore, high expression of MCM2 and
low expression of TIP30 may be used as a biological marker
to identify subgroups of patients who may require more
aggressive treatment. Patients with high MCM2 and low
TIP30 expression in their tumors are more likely to suffer
from metastatic recurrence. These patients may need to be
monitored closely for clinical signs of relapse to ensure that
therapeutic inventions are applied early enough for optimal
outcomes. It is reasonable to predict that the combination
of MCM2(+) and TIP30(-) may be a powerful predictor for
malignant metastasis and a biomarker for the early diagnosis
and grading of GBC.

Previous studies demonstrated that MCM levels may
reflect clinical behavior and prognosis of cancer (9,14). In
the current study, Kaplan-Meier survival analysis indicated
that the survival time of patients with positive expression of
MCM2 was significantly shorter than that of patients with
negative expression; Cox multivariate analysis indicated that
MCM?2 expression was positively correlated with mortality.
Conversely, patients expressing TIP30 survived longer than
those with negative expression of TIP30; Cox multivariate
analysis identified that TIP30 expression was positively
correlated with post-operative survival. Therefore, MCM2
and TIP30 are proposed as two independent prognostic
factors.

The surgical removal of the gallbladder with dissection
of part of the liver and the lymph nodes is currently the most
common treatment for resectable GBC. However, the majority
of patients present with poor prognosis and will experience
a survival time of <1 year. Due to the fact that palliative
chemotherapy and radiation therapy offer little benefit in
GBC (2), there is an urgent requirement for novel therapeutic
approaches to improve patient survival. Malignant tumors
with high expression of MCM2 have an increased rate of
progression, are prone to metastasis and invasion and have
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poor prognosis. TIP30 inhibits tumor growth and metastasis
by regulating the expression of cell proliferation-, apoptosis-,
and angiogenesis-associated genes (35,36). High expres-
sion of MCM2 and low expression of TIP30 in gallbladder
tumor cells may allow them to be targeted for gene therapy.
There are several possible pathways for the development of
novel treatments for GBC based on the molecular targeting
of MCM2 and TIP30. For example, viral- or non viral-based
delivery (such as the nanoparticle-based delivery of small
interfering RNA) could be used to silence MCM2 expression
alone or in combination with the overexpression of TIP30.
Notably, MCM proteins are specifically required in cycling
cells, however are absent from quiescent cells. Therefore,
using the MCM?2 promoter to drive the expression of TIP30
or other apoptotic genes may provide tumor-specific targeting
in gallbladder AC or other tumor types that express MCM
proteins.

In conclusion, reduced expression of TIP30 and elevated
expression of MCM2 are important markers for the progres-
sion, clinical biological behavior, and prognosis of gallbladder
SC/ASC and AC. Measuring MCM?2 and TIP30 expression
may be a tool for the early detection of GBC in benign lesions
in addition to in population screening. The observation that
MCM proteins are required only in cycling cells and are not
expressed in quiescent cells, in addition to the role of TIP30
in inhibiting tumor growth, suggests that these two markers
have potential to be developed as targets for gene therapy by
silencing MCM?2 expression and/or overexpressing TIP30.
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