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Background/Aims: Epithelial-mesenchymal transition (EMT)-
related proteins may exhibit differential expression in intesti-
nal type or pancreatobiliary type ampulla of Vater carcinomas
(AVCs). We evaluated the expression of E-cadherin, 3-catenin,
and S100A4 in intestinal and nonintestinal type AVCs and
analyzed their relationships with clinicopathological variables
and survival. Methods: A clinicopathological review of 105
patients with AVCs and immunohistochemical staining for
E-cadherin, B-catenin, and S100A4 were performed. The as-
sociation between clinicopathological parameters, histologi-
cal type, and expression of EMT proteins and their effects
on survival were analyzed. Results: Sixty-five intestinal type,
35 pancreatobiliary type, and five other types of AVCs were
identified. The severity of EMT changes differed between the
AVC types; membranous loss of E-cadherin and B-catenin
was observed in nonintestinal type tumors, whereas aber-
rant nonmembranous B-catenin expression was observed
in intestinal type tumors. EMT-related changes were more
pronounced in the invasive tumor margin than in the tumor
center, and these EMT-related changes were related to tumor
aggressiveness. Among the clinicopathological parameters,
a desmoplastic reaction was related to overall survival, and
the reaction was more severe in nonintestinal type than in in-
testinal type AVCs. Conclusions: Dysregulation of E-cadherin,
B-cadherin, and S100A4 expression may play a role in the
carcinogenesis and tumor progression of AVCs. (Gut Liver
2014;8:94-101)
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INTRODUCTION

Most of ampulla of Vater carcinomas (AVCs) can be classified
as intestinal type or pancreatobiliary type based on histologic
characteristics.' Intestinal AVCs behave like their duodenal
counterparts, while pancreatobiliary ones are more aggressive
and behave like pancreatic adenocarcinomas.” AVCs of differ-
ent histologic types express different specific markers and have
different modes of tumor spread, extent of and interaction with
the extracellular matrix, and premalignant lesions.’ Patients
with intestinal AVCs have a much better prognosis than those
with pancreatobiliary AVCs." However, other studies have re-
ported that histologic subgroup does not correlate with clinical
outcomes.”’

The epithelial-mesenchymal transition (EMT) is a process in
which mature epithelial cells change in appearance and lose
cell-cell contacts and epithelial protein expression while at the
same time acquiring the phenotypic characteristics of mesen-
chymal cells.” Immunohistochemical (IHC) staining studies of
tissues from patients with AVCs have demonstrated that the loss
of epithelial markers and the gain of mesenchymal markers are
related to tumor progression.”'" Loss of E-cadherin expression
in AVCs correlates with clinicopathologic features of tumor
progression, and predicts poor prognosis.” Loss of membranous
B-catenin expression’ and gain of cytoplasmic or nuclear p-
catenin expression in neoplastic glands is related to carcinogen-
esis and tumor progression in gastrointestinal cancers.'” S100A4
promotes metastasis in several tumors. Nuclear or cytoplasmic
expression of this protein is related to carcinogenesis of AVCs,
but its relation to prognosis and clinicopathological parameters
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has not been evaluated." EMT-related changes in E-cadherin, -
catenin, and S100A4 expression in different histologic types of
AVCs have not been evaluated, nor has the relationship between
the expression of these proteins and various clinicopathological
parameters.

In this study, we analyzed the expression patterns of E-
cadherin, B-catenin, and S100A4 in intestinal and nonintestinal
type AVCs and evaluated whether the expression of these pro-
teins was associated with clinicopathological parameters and
overall survival.

MATERIALS AND METHODS
1. Patients and specimens

Paraffin-embedded tissues from AVCs were obtained from
five hospitals located in Chungcheong province in Korea with
the approval of the Ethics Committee of Chungbuk National
University Hospital (IRB approval ID: 2011-06-042). One
hundred five patients with AVCs (mean age, 70.3+9.9 years;
male:female=58:47) who underwent curative resection were
enrolled in this study. The patients did not receive any chemo-
therapy or radiation therapy before surgery.

2. Histopathological study

Each tumor was re-evaluated by retrospective analysis of the
medical records and tissue slide files by two experienced pa-
thologists based on hematoxylin and eosin staining according
to previously described criteria.”” Tumors essentially indistin-
guishable from colorectal carcinomas were classified as intesti-
nal type, whereas carcinomas with a dense desmoplastic stroma
surrounding small glands or solid nests of tumor cells were
referred to as pancreatobiliary type. In addition, invasive papil-
lary carcinomas, signet-ring cell type, and mucinous type AVCs
were identified.

The degree of differentiation, T stage, lymph node, or distant
metastasis, desmoplasia, neural or lymphovascular invasion,

and tumor budding were assessed. Stages were defined accord-
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ing to the tumor node metastasis (TNM) staging system of the
American Joint Committee on Cancer. The number of tumor
buds in clusters of less than five tumor cells was counted in five
regions at x200 magnification. We divided cases into those with
low budding (median, <5) and high budding (median, >5)."

3. Tissue microarray construction and IHC studies

After all slide reviews, 3-mm sized tissue microarrays were
constructed. Areas from the center of the tumor and the inva-
sive margin of the tumor with the lowest degree of differentia-
tion but abundant in cells with high mitotic activity were cho-
sen from the original blocks. IHC staining was carried out using
anti-E-cadherin (1:400, DakoCytomation; Glostrup, Denmark),
anti-B-catenin (1:400, DakoCytomation), and anti-S100A4
(1:800, DakoCytomation) primary antibodies. Immunostaining
of E-cadherin was evaluated as follows: no staining, weak stain-
ing, and strong staining as reference to adjacent nonneoplastic
epithelium. For B-catenin, membrane, and cytoplasmic/nuclear
expression were recorded separately as either no staining, weak
staining, or strong staining. Cases with more than 5% of nuclei
stained were considered nuclear staining while cases with more
than 50% of the cytoplasm stained were considered cytoplasmic
staining. For S100A4, staining intensity was recorded as no
staining, weak staining, or strong staining as reference to adja-
cent inflammatory cells.

4. Statistical analysis

The relationships between semiquantitative EMT related pro-
tein staining intensity and clinicopathological parameters were
analyzed using Fisher exact test, chi-square test, or the Mann-
Whitney U test. Prognostic factors among clinicopathologic pa-
rameters were examined by univariate and multivariate survival
analyses using Cox proportional hazards model. All statistical
tests were two-sided, and statistical significance was accepted at
the p<0.05 level. All analyses were performed using SPSS ver-
sion 12.0 (SPSS Inc., Chicago, IL, USA).

Fig. 1. Well-differentiated intesti-
nal type adenocarcinoma. (A) The
microscopic features are indistin-
guishable from those of primary
adenocarcinoma of the large intes-
tine. Tumor cells are tall, columnar,
and cohesive. Tumor nuclei are
elongated, hyperchromatic, and
pseudostratified (H&E stain, x200).
(B) Membranous, cytoplasmic, and
focal nuclear expression (arrow) of
B-catenin (b-catenin immunostain-
ing, x200).
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RESULTS
1. Clinicopathological features according to tumor subtype

Representative histopathologic features and immunostain-
ing images of AVCs were shown in Figs 1-3. One hundred five
AVCs were classified 65 as intestinal type (61.9%), 35 as pan-
creatobiliary type (33.3%), three as invasive papillary type (2.9%),
one as a mucinous cancer, and one as a signet-ring cell cancer.
Compared to intestinal type, nonintestinal type AVCs were
characterized by poor differentiation, severe desmoplastic reac-
tion, high tumor budding, neural invasion, and advanced TNM
stage. Precursor lesions were also different between the two ma-
jor types. Adenomas, comprising 40 tubular cases, eight tubulo-
villous cases, and five villous cases were identified in 61.5% of

Fig. 2. Well-differentiated pancreatobiliary type adenocarcinoma.
Low columnar tumor cells are arranged in a single layer without nu-
clear pseudostratification. The nuclei are vesicular and more rounded
than those of intestinal type tumors (H&E stain, x200).

intestinal type and 32.5% of nonintestinal type AVCs. Epithelial
dysplasia occurred in only 22.5% of nonintestinal type AVCs
(Table 1).

2. E-cadherin, B-catenin, and S100A4 expression in intesti-
nal type versus nonintestinal type AVCs

Loss or attenuated membranous expression of E-cadherin was
seen more frequently in nonintestinal type AVCs than intestinal
type AVCs. Although loss or attenuated membranous expres-
sion of E-cadherin was more severe in nonintestinal type AVCs,
nonmembranous expression of B-catenin was more severe in
intestinal type AVCs. S100A4 expression was not significantly
different between histologic subtypes. Comparison of EMT-relat-
ed protein expression in the tumor center and invasive margin
revealed that loss of membranous expression of E-cadherin and
B-catenin and gain of SI00A4 expression were more prominent
in the invasive margin than the tumor center (all p<0.0001). In
contrast, cytoplasmic or nuclear expression of B-catenin was
more prominent in the tumor center than the invasive margin
(p<0.000).

EMT changes were also apparent in adenomas and epithelial
dysplasia (Fig. 4). Weak E-cadherin expression was observed in
13.0% of precursors, and was more frequent in epithelial dys-
plasia cases than adenoma cases. Membranous expression of
B-catenin was lost in 4.2% of precursors and reduced in 64.6%
of them. Weak nonmembranous expression of B-catenin was
observed in 81.1% of precursors, while strong staining was ob-
served in 13.5% of them. Weak S100A4 protein expression was
detected in 28.3% of precursors, while strong S100A4 staining
was observed in 2.2% of them (Table 2).

The relationships between EMT-related protein expression in
the invasive margin and clinicopathological parameters were
analyzed. Membranous expression of E-cadherin was related
to cell grade, tumor budding, and TNM stage. Membranous
expression of (3-catenin was related to cell grade, tumor bud-

Fig. 3. Moderately differentiated pancreatobiliary type adenocarcinoma at the invasive margin. (A) Desmoplasia is prominent around the invasive
tumor and tumor buds (H&E stain, x100). (B) S100A4 is more highly expressed in invasive tumor cells than in noninvasive tumor cells (S100A4
immunostaining, x100). (C) Membranous E-cadherin is more frequently lost in invasive tumor cells than in noninvasive tumor cells (E-cadherin
immunostaining, x100).
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Table 1. Clinicopathological Parameters between Intestinal and Nonintestinal Types of Ampulla of Vater Carcinomas

Characteristic Inte?:liilgé]typ ¢ T;;eiftisjzl(;l p-value Characteristic Inte?rtliilggltyp ¢ I\t];;eift(f:tzloa)l p-value
Sex, male:female 35:30 23:17 0.840 T stages 0.004
Age 70.6+9.6 69.9+10.4 0.691 T1 19 (29.2) 1(2.5)

Cell grades 0.001 T2 25 (38.5) 14 (35.0)

Well 19 (29.2) 8 (20.0) T3 18 (27.7) 19 (47.5)

Moderately 41 (63.1) 17 (42.5) T4 3 (4.6) 6 (15.0)

Poorly 5(7.7) 10 (25.0) N stages 0.156

Undetermined 0 5(12.5) NO 53 (81.5) 27 (67.5)
Desmoplasia <0.001 N1 12 (18.5) 13 (32.5)

None 6(9.2) 3(7.5) M stages 1.000

Mild 36 (55.4) 7 (17.5) Mo 64 (98.5) 39 (97.5)

Moderate 20 (30.8) 28 (70.0) M1 1(1.5) 1(2.5)

Severe 0 2 (5.0) Lymphatic invasion 0.136

Undetermined 3 (4.6) 0 No 42 (64.6) 19 (47.5)
Tumor budding 0.001 Yes 23 (35.4) 21 (52.5)

Low 30 (46.2) 4(10.0) Undetermined 2(3.1) 4(10.0)

High 35 (53.8) 36 (90.0) Neural invasion 0.041
TNM stages 0.005 No 62 (95.4) 33 (82.5)

IA 17 (26.2) 1(2.5) Yes 3 (4.6) 7 (17.5)

1B 21(32.3) 11 (27.5) Precursor lesions <0.0001

1A 12 (18.5) 13 (32.5) Absence 25 (38.5) 18 (45.0)

1B 12 (18.5) 9 (22.5) Adenoma’ 40 (61.5) 13 (32.5)

il 3 (4.6) 6 (15.0) Intraepithelial 0 9 (22.5)

dysplasia

Data are presented as mean+SD or number (%).
TNM, tumor node metastasis.

*Nonintestinal type includes 35 cases of P-B type, three cases of invasive papillary type, one case of mucinous cancer, and one case of signet-ring
cell cancer; 'Adenoma consists of 42 cases of tubular type, eight cases of tubule-villous type, and five cases of villous type.

ding, desmoplasia, TNM stage, lymphatic invasion, and neural
invasion. S100A4 expression was related to TNM stage and
lymphatic invasion (Table 3). Nuclear or cytoplasmic B-catenin
expression was related to lymphatic invasion (p=0.003).

3. Parameters related to survival time

Median survival time was 126 months. Five-year and 10-year
survival rates were 61.2% and 43.1%, respectively (Fig. 5A).
Parameters related to survival were TNM stage (p=0.05) (Fig.
5B), desmoplasia (p=0.007) (Fig. 5C), and E-cadherin expression
(p=0.027) (Fig. 5D). Cox regression analysis showed that only
desmoplastic reaction was related to survival time.

DISCUSSION

We demonstrated that intestinal type and nonintestinal type
AVCs have different histopathologic features and different ex-
pression patterns of E-cadherin and B-catenin. Nonintestinal
type AVCs showed aggressive tumor behavior and frequent loss

or reduced expression of E-cadherin and B-catenin in the cell
membrane. In contrast, cytoplasmic or nucleus expression of
B-catenin was more severe in intestinal type AVCs. These EMT-
related proteins were also expressed in precursor lesions, namely
adenomas and intraepithelial dysplasia. Aberrant expression
of EMT-related proteins was more severe in carcinomas than
precursor lesions and advanced AVCs, but was not related with
overall survival. These results suggest that EMT phenotype is
related to carcinogenesis and tumor progression in AVCs.

A previous study showed that loss of membranous expression
of E-cadherin and B-catenin was associated with pancreatic in-
vasion, recurrence, and poor prognosis.” We showed that EMT-
related changes in E-cadherin expression were associated with
nonintestinal type AVCs and that this was a prognostic factor in
univariate analysis.

B-Catenin was first identified as a protein that functions to-
gether with E-cadherin to maintain cell to cell adhesion. Howev-
er, B-catenin also functions as a transcription factor. If the Wnt
signaling pathway is perturbed, Wnt ligands block -catenin
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Fig. 4. Intestinal type adenoma. (A)
Microscopically, the tumor is not
distinguishable from adenoma of the
intestine (H&E stain, x200). (B) Both
the tumor cell membrane and cyto-
plasm express B-catenin (b-catenin
immunostaining, x200).

Table 2. E-Cadherin, 3-Catenin, and S100A4 Expression in the Ampulla of Vater Carcinomas and Precursor Lesions

Tumor center

Invasive margin Precursor lesions

Intestinal type Nonintestinal type p-value

Intestinal type Nonintestinal type p-value Adenoma Dysplasia p-value

E-cadherin 0.002 0.014 0.026
- 0 4 (10.0) 1(2.0) 6(21.4) 0 0
+ 13 (21.3) 16 (40.0) 24 (47.1) 10 (35.7) 2 (5.7) 3(33.3)
++ 48 (78.7) 20 (50.0) 26 (51.0) 12 (42.9) 33(94.3) 6(66.7)
f3-Catenin, mem- 0.032 0.011 0.472
brane
- 1(1.7) 4(10.8) 9 (18.4) 12 (44.4) 2 (6.9) 0
+ 36 (60.0) 26 (70.3) 32 (65.3) 15 (55.6) 22(75.9)  8(100.0)
++ 23 (38.3) 7 (18.9) 8 (16.3) 0 33(94.3) 6(66.7)
-Catenin, cyto- 0.018 0.070 0.304
plasm/nucleus
- 4(7.8) 5(17.2) 10 (23.3) 11 (44.0) 2 (6.9) 0(0.0)
+ 36 (70.6) 24 (82.8) 28 (65.1) 14 (56.0) 22(75.9) 9 (100.0)
++ 11(21.6) 0 5(11.6) 0 5(17.2) 0
S100A4 0.617 0.801 0.579
- 27 (52.9) 11 (42.3) 18 (35.3) 8 (30.8) 24 (75.0) 4 (44.4)
+ 19 (37.3) 11 (42.3) 26 (51.0) 13 (50.0) 7(21.9) 5(55.6)
++ 5(9.8) 4 (15.4) 7 (13.7) 5(19.2) 1(3.1) 0

Data are presented as number (%). Number of tested cases (tumor center, invasive margin): E-cadherin (101, 79), B-catenin (80, 76), and S100A4 (77,

77).

degradation, and excess B-catenin enters the nucleus, resulting
in the transcription of target genes. Previous study reported that
dysfunction of B-catenin might contribute to the development
of AVCs" and nuclear accumulation of p-catenin was associ-
ated with tumor cell proliferation and a worse prognosis in AVC
patients.>'
sion or gain of nonmembranous expression of B-catenin was

We demonstrated that loss of membranous expres-

associated with different clinicopathological parameters. These
findings suggest that dysregulation of the Wnt signaling path-
way leads to the nuclear accumulation of B-catenin and plays
an important role in the carcinogenesis of intestinal type AVCs.

S100A4 is localized in the nucleus, cytoplasm, and extracel-
lular space and possesses a wide range of biological functions."”
Gain of the S100A4 protein was significantly increased in nor-
mal mucosa, adenoma, and carcinoma in ascending order in pa-
tients with AVCs."" In our series, SI00A4 expression was related
to TNM stage and lymphovascular invasion. However, S100A4
expression was not related to histologic types or prognosis, con-
sistent with previous study."'

Because the tumor biology of the invasive margin is differ-
ent from that of the tumor center, the patterns of EMT protein
expression may differ between these two sites. Our result of that
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Table 3. Clinical and Pathological Parameters Related to Epithelial-Mesenchymal Transition-Related Protein Expression at the Invasive Margin

E-cadherin, membrane

-Catenin, membrane

S100A4, nucleus or cytoplasm

Parameter
++ + - p-value ++ + - p-value - + ++  p-value
Cell grades 0.000 0.010 0.560
Well 9(23.7) 4(11.8) 0 1(125) 8(17.0) 1(4.8) 6(23.1) 7(179) o0
Moderately 26 (68.4) 21(61.8) 1(14.3) 7(87.5) 31(66.0) 10 (47.6) 15(57.7) 23(59.0) 9(75.0
Poorly 3(7.9) 6(17.6) 4(57.1) 0 5(10.6) 8(38.1) 2(7.7) 7(17.9) 3 (25.0
Undetermined 0 3(8.8) 2 (28.6) 0 3 (6.4) 2(9.5) 3(11.5) 2 (5.1) 0
Tumor budding 0.048 0.012 0.090
Low 16 (42.1) 11(324) O 5(62.5) 18(38.3) 2(9.5) 11 (42.3) 10(25.6) 5(41.7)
High 22 (57.9) 23(67.6) 7(100.0) 3(37.5) 29 (61.7) 19 (90.5) 15(57.7) 29 (74.4) 7(58.3)
Desmoplasia 0.549 0.003 0.158
None, mild 16 (43.2) 14 (41.2) 2(28.6) 21(72.4) 28(452) O 13 (50.0) 12(31.6) 7 (58.3)
Modersate, 21(56.8) 20 (58.8) 5(71.4) 8(27.6) 34(54.8) 5 (100.0) 13 (50.0) 26(68.4) 5 (41.7)
severe
TNM stages 0.014 0.050 0.013
1A, 1B 23 (60.5) 14 (41.2) 1(14.3) 5(62.5) 24 (51.1) 6(28.6) 16 (61.5) 18(46.2) 2 (16.7)
IIA, IIB, II 15 (39.5) 20(58.8) 6 (85.7) 3(37.5) 23(48.9) 15(71.4) 10 (38.5) 21 (53.8) 10 (83.3
Lymphatic inva- 0.429 0.021 0.011
sion
No 25 (65.8) 20(58.8) 4 (57.1) 12 (40.0) 40 (64.5) 4 (80.0) 22(84.6) 20(51.3) 7(58.3)
Yes 13 (34.2) 13(38.2) 3(42.9) 17 (56.7) 22 (35.5) 1(20.0) 4 (15.4) 19 (48.7) 4 (33.3)
Undetermined 0 1(2.9) 0 1(3.3) 0 0 0 0 1(8.3)
Neural invasion 0.936 0.033 0.180
No 35(92.1) 29 (85.3) 7(100.0) 30 (100.0) 54 (87.1) 4 (80.0) 25(96.2) 34(87.2) 10 (83.3
Yes 3(7.9) 5(147) 0 0 8(12.9) 1(20.0) 1(3.8) 5(12.8) 2(16.7)

Values are presented as number (%).
TNM, tumor node metastasis.

EMT-related changes were more severe in the invasive margin
than the tumor center suggest that those play a role in cancer
invasion and metastasis of AVCs.

The EMT is an early event that can be reliably detected in
colonic adenomas; loss of E-cadherin expression in 6.1% and
aberrant B-catenin expression in 8.20." Gain of S100A4 ex-
pression was observed in 25% of ampullary adenomas.'' Our se-
ries showed that changes of E-cadherin expression and S100A4
expression was observed in 13% and in 32% of them, respec-
tively. However, changes in membranous or nonmembranous
expression of B-catenin were observed in 68.8% and 94.6% of
ampullary adenomas, respectively. These results suggest that
Wnt signaling dysfunction plays a major role in the carcinogen-
esis of AVCs.

Tumor budding is a hallmark of the EMT and serve as a prog-
nostic factor in patients with AVCs.'"* We demonstrated that
high tumor budding was associated with nonintestinal AVCs
and loss of membranous staining of E-cadherin and p-catenin
in the invasive margin, but was not related to overall survival.

Carcinogenesis of AVCs may differ between intestinal and

pancreatobiliary types. Intestinal epithelia transform to carcino-
mas via the adenoma-carcinoma sequence, whereas the epitheli-
um of the distal bile duct, pancreatic duct, or ampullary channel
progress from intraepithelial neoplasia to adenocarcinoma.'®”'
We showed that adenomas were more frequent in intestinal
type AVCs and dysplasia was more frequent in nonintestinal
type AVCs.

This study showed that nonintestinal type adenocarcinomas
have more malignant features than intestinal type AVCs. Al-
though survival was not different between the two histologic
subgroups, desmoplasia, which was the only prognostic factor
for overall survival, was the dominant feature of pancreatobili-
ary type AVCs. In conclusion, loss of membranous expression
of E-cadherin/B-catenin and gain of S100A4 expression were
related to carcinogenesis and tumor progression in AVCs. Ab-
errant nonmembranous expression of B-catenin was closely
related to intestinal type AVCs. Further studies are needed to
establish standard criteria for histologic subgroups and to deter-
mine treatment guidelines according to prognostic parameters.
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