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Abstract: The clinicopathological and biological characteristics of squamous cell/adenosquamous carcinoma (SC/
ASC) of gallbladder have not been well documented because it is a rare subtype of gallbladder cancer. In this study,
the protein expression of Nectin-2 and DDX3 in 46 SC/ASCs and 80 adenocarcinomas was measured using im-
munohistochemistry. We demonstrated that positive Nectin-2 and DDX3 expression was significantly associated
with large tumor size, high TNM stage, and lymph node metastasis of SC/ASC and AC. Positive Nectin-2 and DDX3
expression was significantly associated with invasion and surgical curability of AC. Univariate Kaplan-Meier analysis
showed that positive Nectin-2 and DDX3 expression, degree of differentiation, tumor size, TNM stage, invasion,
lymph node metastasis, and surgical curability were significantly associated with post-operative survival in both
SC/ASC and AC patients. Multivariate Cox regression analysis showed that positive Nectin-2 and DDX3 expression,
degree of differentiation, tumor size, TNM stage, invasion, lymph node metastasis, and no surgical curability are in-
dependent poor-prognostic factors in both SC/ASC and AC patients. Our study suggested that positive Nectin-2 and
DDx3 expression is closely correlated with clinical, pathological, and biological behaviors as well as poor-prognosis
of gallbladder cancer.

Keywords: Gallbladder cancer, adenocarcinoma, squamous cell carcinoma, adenosquamous carcinoma, Nectin-2,
DDX3, prognosis, metastasis

Introduction bladder cancers [2, 6]. The clinicopathological
characteristics of SC/ASC have not been well
) \ documented because most available reports
common gastrointestinal cancer and the most are individual case reports or analysis of small
common biliary tract malignancy in the USA [1, case series. Therapeutic interventions for SC/

2]_. Th_e prognos_is of GBC§ is egtrc_emeW poor ASC have not yet been established [7]. Although
with high mortality. Early diagnosis is generally biomarkers for predicting prognosis of AC are

impossible because of the lack of specific signs currently under investigation, none of the pro-
or symptoms [3]. Over 90% of GBC patients are posed markers have reached clinical applica-
diagnosed at an inoperable stage with serious tion [8]. Importantly, no biomarkers relating to

invasion and metastasis to other organs [4]. the progression and prognosis of SC/ASC have

The majczrity O_f. GBCs are adenocarcinomas been reported. It is therefore significant to doc-
(AC, >90%) [3]; in contrast, other histopatho- ument both the clinicopathological and biologi-

Gallbladder cancers (GBCs) are the fifth most

logic subtypes such as mucinous, papillary, and cal characteristics of SC/ASC.
squamous subtypes are rarely observed [2].
Squamous cell/adenosquamous carcinoma Metastasis is a hallmark of poor prognosis for

(SC/ASC) represents 1% to 12% of various gall- various cancers [9]. However, metastasis is a
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Table 1. Comparison of clinicopathological characteristics, Nectin-2, and DDX3 expression between

Biomarkers in gallbladder cancer

SC/ASC and AC
Clinicopathological SC/ASC AC X2 P value
characteristics (n=46) (n=80)

Sex

male 19(41.3) 26(32.5)

female 27(58.7) 54(67.5) 0.986 0.352
Age (years)

<45 3(6.5) 16(20.0) N

>45 43(93.5) 64(80.0) 4143 0.042
Differentiation

well 16(34.8) 27(33.8)

moderately 24(52.2) 25(31.3) 8.515 0.014"

poorly 6(13.0) 28(35.0)
Tumor mass size

<3cm 20(43.5) 50(62.5) N

>3cm 26(56.5) 30(37.5) 4.280 0.039
Gallstones

no 18(39.1) 42(52.5)

yes 28(60.9 38(47.5) 2.093 0.148
TNM stage

I+1 12(26.1) 21(26.3)

1 20(33.5) 38(47.5) 0.287 0.866

I\ 14(30.4) 21(26.3)
Lymph node metastasis

no 17(37.0) 30(37.5)

yes 29(63.0) 50(62.5) 0.004 0.952
Invasion

no 16(34.8) 31(38.8)

yes 30(62.5) 49(61.3) 0.197 0.658
Operative procedure

radical 14(30.4) 26(32.5)

palliative 18(39.1) 28(35.0) 0.215 0.898

biopsy 14(30.4) 26(32.5)
Survival time 10.07(4-25) 10.34(3-27) 0.014 0.906
Nectin-2

- 18(39.1) 31(38.7)

+ 28(60.9) 49(61.3 0.002 0.966
DDX3

- 21(45.7) 36(45.0

+ 25(54.3) 44(55.0 0.005 0.944
“p<0.05.

rather complex process. During early stages,
loss of cell adhesion allows malignant cells to
detach and to escape from the primary mass
[10]. At a later stage, tumor cells must be
arrested by local endothelial cells through
adhesive interactions to establish metastatic
foci at the secondary site [11]. These process-
es strongly depend on adhesion molecules on
the surface of tumor cells [12]. Nectins are
immunoglobulin-like cell adhesion molecules
that have been recently demonstrated to play
key roles in cell-cell adhesions and cell activi-
ties, including cell polarization, differentiation,
movement, proliferation and survival [13, 14].
The Nectin family of cell adhesion molecules is
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comprised of four members, Nectin-1, -2, -3,
and -4, all of which are expressed ubiquitously
in epithelial and endothelial cells of various
organs as well as their tumors [15]. Recent
studies observed abnormal expression of
Nectins in tumor cells and tissues. For exam-
ple, reduction of Nectin-lalpha at cell-cell
adherens junctions was observed in invasive
squamous cell tumors [16]. In addition, strong
Nectin-1 expression was observed in normal
squamous mucosa, dysplasia, and invasive
carcinomas of the human uterine cervix, but its
expression is reduced or absent in the advanc-
ing edge of invasive tumors [17]. These findings
suggest that down-regulation of Nectin-1 may
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Figure 1. Nectin-2 and DDX3 expression in SC/ASC. EnVision immunohistochemistry, original magnification x200.
Nectin-2 and DDX3 positive reaction was mainly localized in the cytoplasm. A: Positive Nectin-2 expression in mod-
erately differentiated SC/ASC. B: Negative Nectin-2 expression in well differentiated SC/ASC. C: Positive DDX3
expression in moderately differentiated SC/ASC. D: Negative DDX3 expression in well differentiated SC/ASC.

be associated with the loss of cell-to-cell adhe-
sion at the advancing edge of invasion. In con-
trast, increased cell surface Nectin-1 availabili-
ty was also observed in migratory and invasive
carcinoma [18]. Similarly, Nectin-2 was found
to be less frequently expressed in lymphoblas-
tic leukemias [19], but high expression of
Nectin-2 was found in leukemic blasts and
myeloma tissues [20, 21].

DEAD box RNA helicases participate in dispa-
rate cellular functions through regulating RNA
metabolism, which participates in the progres-
sion of cancer [22, 23]. Human DDX3 is a mem-
ber of the DEAD-box family of RNA helicases,
and recent reports indicate that DDX3 can par-
ticipate in the transcriptional regulation of a
diverse set of genes involved in apoptosis and
cellular transformations that impact cancer
progression [24]. Overexpression of DDX3 can
lead to the down-regulation of E-cadherin
expression in immortalized breast epithelial
cells, which is a marker of an epithelial mesen-
chymal transition phenotype associated with
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cancer progression in several cancers [22].
High expression of DDX3 has been observed in
a variety of tumor cells. For example, DDX3 has
been shown to be upregulated in hepatocellular
carcinoma tissues and was thought to contrib-
ute to hepatitis C virus-mediated carcinogenic
processes [25]. DDX3 was recently reported to
be an antiapoptotic protein, which impede
TRAIL-R2-induced apoptosis in resistant cancer
cells [26]. However, DDX3 has diverse func-
tions in a variety of cell types and may harbor a
growth-suppressive property in hepatocellular
carcinoma [27].

The expression of Nectin-2, DDX3, and their
functions in gallbladder cancers have not been
identified. In this study, the expressions of
Nectin-2 and DDX3 in surgically resected speci-
mens, including AC and SC/ASC, were exam-
ined using immunohistochemistry. The correla-
tions of Nectin-2 and DDX3 expressions with
clinicopathological characteristics and progno-
sis of AC and SC/ASC were comparatively
evaluated.
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Figure 2. Nectin-2 and DDX3 expression in AC. EnVision immunohistochemistry, original magnification x200. Nec-
tin-2 and DDX3 positive reaction was mainly localized in the cytoplasm. A: Positive Nectin-2 expression in moder-
ately differentiated AC. B: Negative Nectin-2 expression in well differentiated AC. C: Positive DDX3 expression in

moderately differentiated AC. D: Negative DDX3 expression in well differentiated AC.

Materials and methods
Case selection

This study was pre-approved by The Ethics
Committee for Human Research, Central South
University. A total of 46 squamous cell/adeno-
squamous carcinoma (SC/ASC) samples that
underwent surgical resection or biopsy was
diagnosed from a total of 1060 gallbladder
cancer samples collected from January 1995
to December 2009 from 7 hospitals. Among
the 1060 gallbladder cancers, 80 adenocarci-
noma (AC) samples with available survival infor-
mation were randomly selected for comparison
in this study. Among the 46 SC/ASC patients,
27 patients were female and 19 were male
(F/M = 1.42) with an age variation from 35 to
82 (55.8 + 9.6) years. According to the TNM
staging system, 5 cases of the 46 SC/ASCs
were stage |, 7 were stage Il, 17 were stage lll,
and 14 were stage IV tumors. Among the 80 AC
patients, 54 patients were female and 26
patients were male (F/M = 2.08) with an age
variation from 33 to 80 (53.8 * 9.9) years.
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Surgery included radical resection for 14 SC/
ASCs and 26 ACs, palliative surgery for 18 SC/
ASCs and 28 ACs, and no operation for 14 SC/
ASCs and 26 ACs with only biopsy. Among the
80 ACs, 8 cases were stage |, 13 were stage I,
38 were stage lll, and 21 were stage IV tumors.
Gallstones were found in 28 SC/ASC and 38 AC
patients. Survival information of all 46 SC/ASC
and 80 AC patients was obtained through let-
ters and phone calls. The follow-up time was 2
years. Cases that survived longer than 2 years
were included in the analysis as censored
cases.

Immunohistochemistry staining

The rabbit anti-CD112 (Nectin-2) and rabbit
anti-DDX3 antibodies were purchased from
Abgent Company (California, USA). Staining was
conducted with the  peroxidase-based
EnVision™ Detection kit (Dako Laboratories,
CA, USA) by following the user manual. Briefly, 4
MM sections were cut from routinely paraffin-
embedded tissues of AC and SC/ASC. After the
sections were deparaffinized and incubated

Int J Clin Exp Pathol 2013;6(2):179-190
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Table 2. The association of Nectin-2 and DDX3 expression with the clinicopathological characteristics
of SC/ASC

Clinicopathological ) Nectin-2 DDX3
- Total No:
characteristics Pos No: (%) X2 P Pos No: (%) X2 P

Sex

male 19 11(57.9) 10(52.6)

female 57 17(63.0) 0.120 0.729 15(55.6) 0.038 0.845
Age (years)

<45 3 2(66.7) 1(33.3)

45 43 26(60.5) 0.045 0.831 24(55.8) 0.571 0.450
Pathological type

SC 26 19(73.1) 16(61.5)

ASC 20 9(45.0) 3.741 0.053 9(45.0) 1.246 0.264
Differentiation®

well 16 9(56.3) 8(50.0)

moderately 24 13(54.2) 4.453 0.108 12(50.0) 2.337 0.311

poorly 6 6(100.0) 5(83.3)
Tumor mass size

<3cm 20 8(40.0) 7(35.0) .

>3em 26 20(76.9) 6.470 0.012 18(69.2) 5.338 0.022
Gallstones

no 18 14(77.8) 9(50.0)

yes o8 14(50.0) 3.549 0.060 16(57.1) 0.225 0.635
TNM stage

1+l 12 4(33.3) 4(33.3)

1 20 12(60.0) 7.452 0.024 9(45.0) 8.392 0.015"

I\ 14 12(85.7) 12(85.7)
Lymph metastasis

no 17 7(41.2) 6(35.3) .

yes 29 21(72.4) 4.391 0.036 19(65.5) 3.946 0.046
Invasion

no 16 6(37.5) 6(37.5)

yes 30 22(73.3) 5.625 0.019 19(63.3) 2.807 0.094
Surgery

radical 14 6(42.9) 7(50.0)

palliative 18 11(61.1) 3.749 0.182 8(44.4) 2.464 0.292

biopsy 14 11(78.6) 10(71.4)
aComparison between well differentiated and poorly differentiated SC/ASC: P, .=0.121; P . =0.333, aComparison between

moderately differentiated and poorly differentiated SC/ASC: P, . ,=0.061; P, . =0.196, *p<0.05. Pos No.: positive number.
with 3% H,0, for 15 minutes, they were soaked Zhongshan Biotechnology Company (Beijing,
with phosphate buffered saline (PBS) for 3 x 5 China) while the negative control was designed
minutes and then incubated with rabbit anti- by replacing the primary antibody with 5% fetal
CD112 (1:100 dilution) or rabbit anti-DDX3 bovine serum. The percentage of positive cells
(1:100 dilution) antibody for 1 hr at room tem- was calculated from 500 cells in 10 random
perature. After rinsing sections with PBS for 3 fields. Cases with positive cells > 25% were
times, solution A (containing HRP-conjugated considered positive, while cases with positive
second antibody) was added, and incubated for cells < 25% were considered negative.

30 minutes. The substrate DAB was added fol-

lowed by hematoxylin counter-staining. After Statistical analysis

dehydration, the slides were soaked in xylene

for 3 x 5 minutes. The positive control was the Data was analyzed using the statistical pack-
positive sections purchased from Beijing age for the Social Sciences Version 14.0 (SPSS

183 Int J Clin Exp Pathol 2013:6(2):179-190
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Table 3. The association of Nectin-2 and DDX3 expression with the clinicopathological characteristics
of AC

Clinicopathological Total No Nectin-2 DDX3
characteristics " Pos No: (%) X2 P Pos No: (%) X2 P

Sex

male 26 19(73.1) 17(65.4)

female 54 30(55.6) 2.270 0.747 27(50.0) 1.678 0.195
Age (years)

<45 16 10(62.5) 7(43.8)

45 64 39(60.9) 0.013 0.909 37(57.8) 1.023 0.312
Differentiation®

well 27 13(48.1) 10(37.0)

moderately 25 13(52.0) 8.004 0.018 13(52.0) 8.136 0.017"

poorly 28 23(82.1) 21(75.0)
Tumor mass size

<3cm 50 25(50.0) 21(42.0) .

~3cm 30 24(80.0) 7.110 0.008 23(76.7) 9.104 0.003
Gallstones

no 42 25(59.5) 24(57.1)

yes 38 24(63.2) 0.111 0.739. 20(52.6) 0.164 0.685
TNM stage

I+l 21 8(38.1) 5(23.8)

1 38 23(60.5) 10.048 0.007 21(55.3) 16.256 <.001

\% 21 18(85.7) 18(85.7)
Lymph metastasis

no 30 14(50.0) 10(33.3) .

yes 50 35(68.0) 4.301 0.037 34(68.0) 9.104 0.003
Invasion

no 31 13(41.9) 10(32.3) o

yes 49 36(73.5) 7.955 0.005 34(69.4) 10.576  0.001
Surgery

radical 26 11(42.3) 9(34.6)

palliative 28 17(60.7) 8.104 0.017 14(50.0) 11.611  0.003™

biopsy 26 21(80.8) 21(80.8)

aComparison between well differentiated and poorly differentiated AC: P ,=0.008; PDDX3=0.005, aComparison between

Nectin-

moderately differentiated and poorly differentiated AC: P, . ,=0.019; P, .=0.081, Pos No.: positive number. "p<0.05, “"p<0.01.
14.0). The inter-relationship of Nectin-2 or ACs while the percentage of cases with poorly-
DDX3 expression with histological or clinical differentiated tumors was significantly lower in
factors was analyzed using x? or Fisher’s exact SC/ASCs than in ACs (Table 1, p < 0.05). No
test. Kaplan-Meier and time series test were significant differences in other clinicopathologi-
used for univariate survival analysis. Cox pro- cal characteristics as well as the percentage of
portional hazards model was used for multivari- positive Nectin-2 and DDX3 expression were
ate analysis and to determine the 95% confi- observed between SC/ASC and AC patients.
dence interval. EnVision immunohistochemistry revealed that

Nectin-2 and DDX3 positive reactions were
Results mainly localized in the cytoplasm of SC/ASC

Comparison of clinicopathological charac- (Figure 1) and AC (Figure 2).

teristics and Nectin-2 and DDX3 expression The association of Nectin-2 and DDX3 expres-
between SC/ASC and AC sion with clinicopathological characteristics of

patients with SC/ASC and AC
The percentage of SC/ASC in total GBCs

(46/1060) is 4.34%. The percentage of cases As shown in Table 2, the percentage of positive
with age older than 45 years and tumor mass > Nectin-2 and DDX3 expression was significantly
3cm was significantly higher in SC/ASCs than in higher in SC/ASC with large tumor size, high

184 Int J Clin Exp Pathol 2013;6(2):179-190
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Table 4. Relationship between Nectin-2 and DDX3 expression, clinicopathological characteristics and

average survival of SC/ASC patients

C.P Characteristics Samples(n) Average survival (month) Chi-square P value
Sex
male 19 10.74(6-24)
female 27 9.85(4-24) 0.767 0.381
Age (years)
<45 3 15.67(8-24)
>45 43 9.84(4-25) 2023 0.155
Pathological type
SC 26 10.19(4-24)
ASC 20 10.25(4-24) 0.223 0.637
Differentiation
well 16 13.81(5-24)
moderately 24 8.92(4-18) 19.125 <.001
poorly 6 5.83(4-9)
Tumor mass size
<3cm 20 14.35(7-24)
>3cm 26 7.04(4-11) 81.337 <001
Gallstones
no 18 8.22(4-12)
yes 28 11.50(4-24) 3.730 0.053
TNM stage
I+l 12 17.00(9-24)
1] 20 9.20(7-15) 51.139 <.001
\% 14 5.86(4-8)
Lymph node metastasis
no 17 14.24(4-24)
ves 29 7.86(4-15) 16.219 <001
Invasion
no 16 15.75(9-24)
yes 30 7.27(4-12) s2.211 <001
Operative procedure
radical 14 16.64(10-24)
palliative 18 8.50(6-12) 50.165 <.001
biopsy 14 6.00(4-8)
Nectin-2
- 18 14.06(7-24)
+ 8 7.75(4-15) 15.202 <.001
DDX3
_ 21 12.86(5-24) e
+ 5 8.00(4-15) 9.108 0.003
C.P: clinicopathological. *“p<0.01.
|0_A cemnnnn 10} B .-
:'5 nectin-2 = DDX3
H J1-
o8- s, wd " o8-
' &4 -censored
i 06 ;' = 06
U=J 04} = 18 a 04}
e )
02 e Y
28
00} 0.0
1 1 L 1 L 1 1 L 1 1 1 L
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Month of follow-up

Month of follow-up

Figure 3. Nectin-2 and DDX3 expression and survival in patients with SC/ASC of gallbladder. A: Kaplan-Meier plots
of overall survival in patients with SC/ASC and with Nectin-2 positive and negative expression. B: Kaplan-Meier plots
of overall survival in patients with SC/ASC and with DDX3 positive and negative expression.
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Table 5. Multivariate Cox regression analysis of

survival rate in SC/ASC patients

0
Groups factors RC SE wald P RR —95%Cl__
Lower Upper
Pathological types SC/ASC .229 .352 423 .515 1.257 .631 2.507
Differentiation well/moderately/poorly .891 .366 5.926 .015" 2.438 1.190 4,995
Tumor mass size <3cm/>3cm 2.617 771 11.521 .001™ 13.695 3.022 62.064
Gallstones no/yes 725 487 2.216 137 2.065 .795 5.363
TNM stage 1+11/111/1V 1.186 446 7.071 .008™ 3.274 1.366 7.847
Lymph metastasis no/yes 1.250 530 5.562 .018 3.490 1.235 9.863
Invasion no/yes 2.775 .861 10.388 .001™ 16.039 2.967 86.709
Surgery radical/palliative/biopsy 1.140 545 4.375 .036" 3.127 1.074 9.099
Nectin-2 -/+ 1.104 484 5.203 .023" 3.016 1.168 7.788
DDX3 -/+ 1.091 .518 4.436 .035" 2.977 1.079 8.218

RC: Regression coefficients; SE: standard error; RR: Relative risk; Cl: confidence interval. "p<0.05, “p<0.01.

Table 6. Relationship between Nectin-2 and DDX3 expression, clinicopathological characteristics and

average survival of AC patients

C.P characteristics Samples(n) Average survival (month) Chi-square P value
Sex

male 26 9.58(3-24)

female 54 11.30(3-24) 2.567 0.109
Age (years)

<45 16 10.81(4-24)

>45 64 10.72(3-24) 0.003 0.956
Differentiation

well 27 15.07(5-24)

moderately 25 10.60(4-24) 32.501 <.001

poorly 28 6.68(3-14)
Tumor mass size

<3cm 50 13.70(6-24)

>3cm 30 5.80(3-10) 68.283 <001
Gallstones

no 42 10.19(3-24)

yes 38 11.34(4-24) 0.246 0.620
TNM stage

I+1 21 18.96(5-24)

1 38 9.29(6-15) 105.825 <.001

v 21 5.14(3-7)
Lymph node metastasis

no 30 16.27(4-24)

yes 50 7.42(3-14) 42.372 oot
Invasion

no 31 16.68(7-24)

yes 49 6.98(3-11) 55835 <001
Operative procedure

radical 26 18.31(10-24)

palliative 28 8.64(6-11) 113.141 <.001

biopsy 26 5.42(3-9)
Nectin-2

- 31 14.32(6-24)

+ 49 8.47(3-24) 16.673 <.001
DDX3

- 36 14.72(5-24)

¥ 44 7.48(3-19) 32.253 oot

C.P: clinicopathological.

TNM stage, and lymph node metastasis com-
pared to the cases with small tumor size, low
TNM stage, and no lymph metastasis (p <
0.05). Both Nectin-2 and DDX3 were not asso-
ciated with sex, age, degree of differentiation,

186

gallstones, invasion, and surgical curability in
SC/ASC.

As shown in Table 3, the percentage of positive
Nectin-2 and DDX3 expression in AC tumors

Int J Clin Exp Pathol 2013;6(2):179-190
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Figure 4. Nectin-2 and DDX3 expression and survival in patients with AC of gallbladder. A: Kaplan-Meier plots of

overall survival in patients with AC and with Nectin-2 positive and negative expression. B: Kaplan-Meier plots of
overall survival in patients with AC and with DDX3 positive and negative expression.

Table 7. Multivariate Cox regression analysis of survival rate in AC patients

0

Groups factors RC SE wald P RR 95% Cl

Lower Upper
Differentiation well/moderately/poorly 1.010 457 4.884 027" 2.746 1.121 6.724
Tumor mass size <3cm/>3cm 1.082 412 6.897 .009™ 2.951 1.316 6.616
Gallstone no/yes 148 246 .362 547 1.160 716 1.878
TNM stage I+ 1/1/1v 1.268 413 9.426 .002 3.554 1.582 7.984
Lymph metastasis no/yes 1.187 492 5.821 .016" 3.277 1.249 8.596
Invasion no/yes 1.369 .520 6.931 .008™ 3.931 1.419 10.894
Surgery radical/palliative/biopsy 1.635 417 15.373 <.001 5.129 2.265 11.615
Nectin-2 -/+ .980 .320 9.379 .002™ 2.664 1.423 4.989
DDX3 -/+ .838 .360 5.419 .020" 2.312 1.142 4.681

RC: Regression coefficients; SE: standard error; RR: Relative risk; Cl: confidence interval.

was significantly higher in the cases with poor
differentiation, large tumor mass size, high
TNM stage, invasion, and lymph node metasta-
sis as well as no surgical curability compared to
the cases with well differentiated tumor, small
tumor size, low TNM stage, no invasion, no
lymph node metastasis, and having surgical
curability (p < 0.05, p < 0.01, or p < 0.001).
Significant differences in Nectin-2 and DDX3
expression were observed between well and
poorly differentiated SC/ASCs. Only significant
difference in Nectin-2 expression was observed
between well and poorly differentiated AC.

The correlation between Nectin-2 or DDX3
expression with survival in patients with SC/
ASC and AC

The survival information was collected for a
period of 2 years. Among the 46 SC/ASC
patients, 33 patients survived shorter than 1
year and 13 patients survived longer than 1

187

year (4 cases survived longer than 2 years) with
an average survival time of 10.07 + 0.78
months. Among the 80 Ac patients, 57 patients
survived shorter than 1 year. and 23 patients
survived longer than 1 year (9 cases survived
longer than 2 years) with an average survival
time of 10.34 + 0.63 months. There was no sig-
nificant difference in post-operative survival
time between SC/ASC and AC patients.

The Kaplan-Meier survival analysis in SC/ASC
patients revealed that differentiation, tumor
size, TNM stage, lymph node metastasis, inva-
sion and surgical curability were also signifi-
cantly associated with the average survival
time (p < 0.001) (Table 4). The average survival
time in Nectin-2 and DDX3 positive patients
was significantly shorter than patients having
negative Nectin-2 (p < 0.001) and DDX3 expres-
sion (p = 0.003) (Table 4, Figure 3). Cox multi-
variate analysis showed that the Nectin-2- and
DDX3-positive expression, degree of differenti-
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ation, tumor size (= 3cm), TNM stage, invasion,
and no surgical curability were negatively cor-
related with overall survival, suggesting that
they are independent risk factors of SC/ASC
patients (Table 5).

The Kaplan-Meier survival analysis and Cox
multivariate analysis in AC patients revealed
similar results as SC/ASC patients (Table 6).
The average survival time of Nectin-2 or DDX3
positive AC patients was significantly lower
than patients with negative Nectin-2 or DDX3
expression (p < 0.001) (Table 6, Figure 4).
Nectin-2- and DDX3-positive expression,
degree of differentiation, tumor size (= 3cm),
TNM stage, invasion, and no surgical curability
were negatively correlated with survival, sug-
gesting that they are independent risk factors
of AC patients (Table 7).

Discussion

In this study, the clinicopathological character-
istics of AC and SC/ASC were comparatively
analyzed with an extensive collection of SC/
ASC samples. Inconsistent with previous
reports, different conclusions on the aggres-
siveness, metastasis, and prognosis of SC/ASC
were obtained. The expression of Nectin-2 and
DDX3 were measured and their associations
with the prognosis and clinicopathological char-
acteristics were analyzed. The roles of Nectin-2
and DDX3 as biomarkers for invasion, metasta-
sis, and prognosis of AC and SC/ASC were
highlighted.

It is well known that many cell adhesion mole-
cules function as tumor suppressors mainly
through cell-adhesion-mediated contact inhibi-
tion and the inhibition of cell motility. However,
there is emerging evidence currently that sup-
ports the contradictory roles of cell adhesion
molecules that both inhibit cell growth and pro-
mote cell motility. For example, cell adhesion
molecules belonging to the immunoglobulin
superfamily are implicated to function as tumor
suppressors and metastasis promoters [10].
Nectins are immunoglobulin-like cell adhesion
molecules that have recently been demonstrat-
ed to play key roles in cell-cell adhesions [13].
However, Nectins also exhibit functions in
tumor cell differentiation, movement, prolifera-
tion and survival [14]. In this study, positive
Nectin-2 expression was significantly increased
in AC and SC/ASC patients with invasion and
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metastasis. It seems that loss of cell adhesion
is necessary for tumor cells to acquire their
invasive abilities while expression of adhesion
molecules on the surface of tumor cells is
required to establish metastatic foci at the sec-
ondary site [10-12]. Therefore, the role of
Nectin-2 in invasion and metastasis of AC and
SC/ASC cannot be fully explained by its role as
an adhesion molecule. The significant associa-
tion between positive Nectin-2 expression and
large tumor size and high TNM stage in AC and
SC/ASC suggested that Nectin-2 plays roles in
tumor cell proliferation and/or apoptosis in
these tumors. Nectin-2 expression was also
significantly associated with poor differentia-
tion in AC, but not SC/ASC. Importantly, high
Nectin-2 expression significantly correlated
with shorter patient survival. Thus, in AC and
SC/ASC, Nectin-2 may mainly function as a pro-
liferative and survival factor, contributing to
tumor cell invasion, metastasis, and
prognosis.

Recent reports indicate that overexpression of
DDX3 down-regulates E-cadherin expression
and enhances epithelial mesenchymal transi-
tion [22]. In this study, the percentage of DDX3
positive expression was significantly higher in
AC and SC/ASC patients with metastasis and in
AC patients with invasion than in patients with-
out metastasis or invasion. This observation
suggests that DDX3 increased epithelial mes-
enchymal transition in AC/ASC. DDX3 has also
been revealed to contribute to cancer progres-
sion through regulation of a diverse set of
genes involved in apoptosis and cellular trans-
formation [24]. Our study demonstrated that
positive DDX3 expression was significantly
associated with large tumor size and high TNM
stage, suggesting that DDX3 may function as
an anti-apoptotic protein and/or a promoter of
cellular transformation. The association of high
DDX3 expression with shorter survival time in
AC and SC/ASC patients suggests that DDX3
contributed to the cancer progression. DDX3
expression was also significantly associated
with poor differentiation in AC, but not in SC/
ASC. Thus, in AC and SC/ASC, DDX3 may mainly
function as an inhibitor of adhesion molecules
to promote cell motility as well as an enhancer
of tumor cell proliferation and survival. Although
both Nectin-2 and DDX3 expression were only
significantly associated with differentiation in
AC, they exhibited highly similar correlations
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with other clinicopathological characteristics
between AC and SC/ASC. This suggests that AC
and SC/ASC may have similar biological
characteristics.

Previous studies suggested that squamous car-
cinoma proliferates at a higher rate than ade-
nocarcinoma, but squamous tumors are less
frequently present with lymph node metastasis
[28, 29]. Our observation revealed no differ-
ences in invasion or lymph node metastasis
between AC and SC/ASC although more SC/
ASC patients had large tumor size. Also, there
were no significant differences in differentia-
tion, TNM stage, surgical curability, and post-
operative survival time between AC (10.34 +
0.63 months) and SC/ASC (10.07 + 0.78
months) patients. These observations implicat-
ed that squamous differentiation is no more
aggressive than glandular differentiation in the
gallbladder. We also observed that radical
resection is a good prognosis factor in patients
with AC and SC/ASC. However, 86% of SC/ASC
and 74% of AC patients were diagnosed at an
inoperable stage. Inconsistent with previous
report that SC/ASC occurs predominantly in
females (F/M = 3.8) [6], our observations dem-
onstrated that SC/ASC occurred with no signifi-
cant difference between females and males
(F/M ratio is only 1.4), but SC/ASC did occur
significantly more in older patients than AC.
Consistent with previous reports [2, 6], we
observed a percentage of 4.34% SC/ASC in
GBCs. These observations suggested that the
clinicopathological presentation of SC/ASC did
not seem to be significantly different from the
ordinary AC. The current knowledge on the clini-
copathological characteristics of SC/ASC is
mainly gained from individual case reports or
analysis of small case series. Our study there-
fore provides more accurate information on the
differences between the rare SC/ASC subtype
and typical adenocarcinomas.

Our study demonstrated that high Nectin-2 and
DDX3 expression is associated with the aggres-
siveness and poor prognosis of AC and SC/ASC.
This suggested that either Nectin-2 or DDX3
could be diagnostic or prognostic markers for
AC and SC/ASC as well as targets for the gene
therapy of AC and SC/ASC.
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