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Carcinomas of the Vaterian system are rare and presumably arise from preexisting adenomas (adenoma-
carcinoma-sequence). Usually, biopsies are obtained to confirm and specify endoscopic findings, but
differentiating reactive atypia from dysplasia or dysplasia from invasive carcinoma can sometimes be difficult
or even impossible on morphological criteria alone. In case of invasive carcinoma, furthermore, the precise
classification of carcinoma subtypes needs to be established since the distinct subtypes differ significantly in
terms of clinical outcome. The cell adhesion proteins CD24, P-cadherin and S100A4 were shown to be
expressed in several carcinomas and in dysplastic epithelium but only rarely in normal mucosa. We therefore
investigated their expression in 177 carcinoma, 114 adenoma and 152 normal mucosa specimens of the ampulla
of Vater. Although the expression of the cell adhesion proteins did not differ between the carcinoma subtypes,
marked differences between normal mucosa, adenoma and carcinoma samples were observed. All marker
proteins were expressed in less than 7% of normal mucosa samples (S100A4 in only 1% of cases) and showed
an increasing expression from adenoma to invasive carcinoma. Our findings suggest that P-cadherin and
S100A4 are helpful in discriminating normal mucosa or reactive atypia from neoplastic lesions. CD24 and

S100A4, furthermore, can assist in the differential diagnosis of dysplasia vs invasive carcinoma.
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Ampullary carcinomas are generally rare with an
incidence of approximately 5.7 cases per million
population per year, but are still more common than
any other tumor of the small intestine."™ In up to
91% of cases, residual adenomas can be detected in
the tumor periphery, indicating an adenoma-carci-
noma sequence similar to that observed in colorectal
cancer.*® Patients commonly present early with
obstructive jaundice due to neoplastic occlusion of
the ampullary orifice.® Early detection but also
biologic differences are held responsible for the
better prognosis of ampullary tumors following
pancreaticoduodenectomy compared with other
periampullary tumors (median survival 30-50
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months, 5-year survival rate 21-64%).”~** Histologi-
cally, several subtypes of ampullary carcinomas can
be distinguished, obviously deriving from the
different types of mucosa adjoining the Vaterian
system."'* According to the classification by the
Armed Forces Institute of Pathology (AFIP) an
intestinal type, resembling carcinomas of intestinal
origin and a pancreatico-biliary type, resembling
carcinomas of the extrahepatic bile ducts or the
pancreas are the most common subtypes and
account for 70-95% of cases.*® Other subtypes
include an intestinal-mucinous type, an invasive
papillary type, a poorly differentiated adenocarci-
noma and several rather uncommon entities.™
Importantly, the various subtypes have been shown
to differ significantly in terms of prognosis, with a
mean survival of 76 months for intestinal type
compared to 41 months in pancreatico-biliary type
carcinomas (Ruemmele et al, submitted).

CD24 and P-cadherin (cadherin-3) are cell adhe-
sion proteins which have both been shown to be
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upregulated in several carcinomas and to be asso-
ciated with a poor clinical outcome.'*** Also intra-
and extrahepatic cholangiocarcinomas have been
reported to express CD24.%°7%” P-cadherin was found
to be constantly upregulated in intrahepatic cholan-
giocarcinomas using cDNA microarray technique
that was confirmed using immunohistochemistry.*®
Interestingly, the expression of P-cadherin was only
detected in carcinoma but not in normal mucosa
samples. S100A4 is a calcium binding protein
belonging to the S100 family and was proposed to
be a promising new marker protein for dysplasias
and carcinomas of the biliary tract. A recent study
by Zhao and colleagues showed S100A4 expression
in more than 80% of extrahepatic bile duct carcino-
mas and high-grade dysplasias and constant nega-
tivity in normal mucosa.?®

Since pathologists generally receive bioptic
material from ampullary tumors obtained during
endoscopy, the differential diagnosis of reactive
glandular atypia vs dysplasia and adenoma vs
carcinoma can often be difficult or even impossible
using conventional light microscopy only. Further-
more, accurate classification of carcinoma subtypes
is of crucial importance due to significant differ-
ences in clinical outcome. We investigated a large
cohort of ampullary tumors, including 177 carcino-
ma, 114 adenoma and 152 normal mucosa speci-
mens for their expression of CD24, P-cadherin
and S100A4 to determine potentially distinctive
immunoprofiles for normal, dysplastic and malig-
nant lesions and for carcinoma subtypes of the
ampulla of Vater.

Materials and methods
Tissue Samples and Patient Characteristics

The files of the Institute of Pathology, University
Hospital Basel (Switzerland), the Institute of
Pathology, University of Regensburg (Germany),
the Institute of Pathology, Municipal Hospitals of
Nuremberg, and the Anatomic Pathology Unit,
Department of Human Morphology, University of
Insubria, Varese (Italy) were searched for adenomas
or carcinomas of the ampulla of Vater over the
period from 1985-2005. Only tumors derived from
the periampullary duodenal mucosa, the common
channel and the ampullary pancreatic and common
bile duct were included in this study. According to
the recommendations of the Armed Forces Institute
of Pathology (AFIP) these tumors were considered
collectively as ‘ampullary’ tumors.”™ In total, 177
carcinoma, 114 adenoma and 152 normal mucosa
samples from surgically resected cases were retrie-
ved. Sufficient paraffin-embedded tissue for Tissue
Microarray construction was available in all cases.
The male to female ratio was 3:2, mean age at
diagnosis was 63 years (range 15—-81 years). Carci-
noma samples included 19 pT1 (11%), 59 pT2
(33%), 63 pT3 (36%), and 13 pT4 (7%) tumors and
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17 G1 (10%), 82 G2 (46%) and 55 G3 (31%) cases (no
data concerning T-stage and grading in 23 samples).
73 (41%) carcinoma patients were node-positive (N-
stage) and 2 (1%) had hematogenous metastases (M-
stage) at initial diagnosis.

Tissue Microarray Construction

Tissue samples were fixed in buffered 4% formalin,
embedded in paraffin, and used to construct a
Tissue Microarray. Briefly, hematoxylin-eosin
(H&E) stained sections were made from each
selected primary block (donor blocks) to define
representative tissue regions. Tissue cylinders
(0.6 mm in diameter) were then punched from the
region of the donor block with the use of a custom-
made precision instrument (Beecher Instruments,
Silver Spring, USA). Tissue cylinders were trans-
ferred to a 25 x 35 mm paraffin block to produce the
Tissue Microarray block used for the study. The
resulting block was cut into 3 um sections that were
transferred to glass slides by use of the Paraffin
Sectioning Aid System (Instrumedics, Hackensack,
USA). Sections from the Tissue Microarray block
were used for immunohistochemistry. The number
of punches per patient ranged from 1 to 3 for both
normal tissue and carcinoma and from 1 to 5 for
patients with adenomas. When more than one
punch was obtained, the additional punches were
taken from different representative blocks. One
punch was collected per patient on average (median
1.0) for each of the tissue types.

Histology and Immunophenotyping

All tissue samples were reviewed by two experi-
enced surgical pathologists (PR and LMT) based
exclusively on H&E staining. Adenomas were
graded and carcinomas were subclassified according
to the criteria published by the AFIP.** Mild
dysplasia was designated low-grade dysplasia,
whereas moderate and severe dysplasia was con-
sidered high-grade dysplasia. Carcinomas essen-
tially indistinguishable from colorectal carcinomas
were classified as intestinal types, whereas carcino-
mas showing a dense desmoplastic stroma sur-
rounding small glands or solid nests of tumor cells
were referred to as the pancreatico-biliary subtype.
Invasive papillary carcinomas typically formed
papillary and micropapillary structures in their
invasive component and poorly differentiated ade-
nocarcinomas lacked histologic features of glandular
or other differentiation. Additionally, an intestinal-
mucinous subtype, characterized by any mucinous
differentiation, was defined. For immunohistochem-
istry, sections were pre-treated with CC1 (Ventana
Medical Systems, Tucson, AZ, USA) and incubated
with primary antibodies against CD24, P-cadherin
and S100A4. Characteristics of antibodies are listed
in Table 1. Staining procedures were performed on a
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Table 1 Characteristics of antibodies

Antibody Dilution Clone Manufacturer
S100A4 1:1000 Polyclonal Dako
P-cadherin 1:50 56 BD Biosciences
CD24 1:200 SN3b Neomarkers

Benchmark immunohistochemistry staining system
(Ventana Medical Systems, Tucson, AZ, USA) using
iVIEW-DAB as chromogen.

Evaluation of Immunochistochemistry

Immunoreactivity for each protein marker was
scored semi-quantitatively by evaluating the number
of positive cells over the total number of cells. Lack
of immunoreactivity was scored as negative (Score
0), positivity in less than 10% of cells as weakly
positive (Score 1) and in more than 10% of cells as
strongly positive (Score 2). Single cells showed a
cytoplasmatic CD24 positivity while the vast major-
ity of positive cases was membranously positive.
For statistical reasons only membranous CD24
immunoreactivity was evaluated. S100A4 showed
a cytoplasmatic and P-cadherin both a membranous
and a cytoplasmatic staining pattern which were
evaluated separately (P-cadherin (mem) and
P-cadherin (cyt)).

Statistical Analyses

Differences in protein expression between normal,
adenoma and carcinoma were evaluated by the
Chi-Square test. A Bonferroni correction for multi-
ple comparisons was performed. Consequently, only
P-values <0.013 were considered statistically
significant. (SAS Version 9.1, NC, USA). Differences
in expression between the tumor types were also
analyzed. In order to increase the sample size of
individual stratifications, staining of 0 was com-
pared to staining of degree 1 and 2 combined. To
determine the optimal combination of markers able
to correctly classify patients with normal tissue,
adenoma and carcinoma, classification and regres-
sion tree analysis was used (DTREG Predictive
Modeling Software, www.dtreg.com). With this
method, a clinical decision rule is generated and
output in the form of an interpretable decision-tree.
The computer-generated algorithm uses a binary
recursive process which splits the data into the best
possible combination of variables to optimally
classify patients with or without a particular out-
come. To measure the classification error as a
function of tree size, 10-fold cross-validation experi-
ments were performed. Tissues with missing values
were excluded from the analysis. Classification and
regression tree analysis applied to normal tissue and
adenoma resulted in a final tree of 3 terminal nodes
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and a misclassification rate of 27%. For the classi-
fication of normal tissue and carcinoma, the pruned-
tree had 3 terminal nodes and a misclassification
rate of 21% and for adenoma and carcinoma, the
final tree had 3 terminal nodes and misclassification
rate of 33%. Finally, the positive predictive value
and negative predictive value for each marker and
combination were obtained.

Results
Histologic Classification of Ampullary Carcinomas

Classification of 177 ampullary carcinomas investi-
gated in our series identified 88 intestinal types
(50%), 41 pancreatico-biliary types (23%), 23 poorly
differentiated adenocarcinomas (13%), 16 intest-
inal-mucinous types (9.0%) and 9 invasive papillary
types (5%).

Grading of Ampullary Adenomas and Association to
Carcinoma Subtypes

Histologic grading was evaluable in 78/114 (68%)
adenomas in our series and included 59/78 (76%)
cases of low-grade dysplasia and 19/78 (24%) cases
with high-grade dysplasia. All adenomas demon-
strated tubular or tubulovillous architecture.
84/114 (74%) adenoma samples were derived from
patients suffering from coexisting carcinoma. The
corresponding subtypes were 54 intestinal types,
13 intestinal-mucinous types, 7 pancreatico-biliary
types, 8 poorly differentiated adenocarcinomas and
2 invasive papillary types.

Expression of S100A4, P-Cadherin and CD24 in
Ampullary Carcinomas, Adenomas and Normal
Mucosa

The expression of all investigated marker proteins
differed significantly between the carcinoma,
adenoma and normal mucosa samples (Table 2).
Only 1/122 evaluable normal tissue samples (1%)
showed strong expression of S100A4 and less than
7% of cases demonstrated strong immunoreactivity
against P-cadherin or CD24 (Figure 1).

Tissue samples with no missing values for any of
the 3 markers were entered into classification and
regression tree analysis. Of the markers analyzed,
only P-cadherin (mem) and S100A4 were found to
discriminate between normal mucosa and adenoma
(Figure 2) as well as between normal mucosa and
carcinoma samples (Figure 3) with membranous
immunoreactivity of P-cadherin observed more
frequently in adenomas (86%) and carcinomas
(93%) compared with normal mucosa samples.
The positive predictive value of P-cadherin for
adenoma was 42% and for carcinoma was 59%
while the negative predictive value was 95% in both
cases. In the case of P-cadherin (mem) negativity,
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Table 2 Immunoprofiles of normal mucosa, adenoma and carcinoma tissue samples

Marker Expression Normal, N (%) Adenoma, N (%) Carcinoma, N (%) P-value
S100A4 0 105 (86) 73 (75) 74 (48) <0.001
1 16 (13) 13 (14) 30 (20)
2 1(1) 11 (11) 49 (32)
P-cadherin (cyt) 0 80 (63) 36 (37) 47 (32) <0.001
1 39 (31) 44 (45) 79 (53)
2 8 (6) 18 (18) 23 (15)
P-cadherin (mem) 0 118 (93) 56 (57) 63 (42) <0.001
1 4(3) 22 (23) 41 (28)
2 5 (4) 20 (20) 45 (30)
CD24 0 75 (60) 58 (62) 69 (45) <0.001
1 43 (34) 36 (38) 55 (36)
2 7 (6) 0 (0) 28 (19)

strong expression of S100A4 was predictive of
neoplastic lesions (adenomas 100%, carcinomas
100%) although the number of cases was small
(Figures 2 and 3). Comparing adenomas and carci-
nomas, S100A4 demonstrated a positive and nega-
tive predictive value of 55 and 79%, respectively for
carcinoma. Negativity of the marker and strong
expression of CD24 was exclusively found in
carcinomas (100%, Figure 4). The positive and
negative predictive value for this combination of
markers was 12 and 100%, respectively. In the case
of S100A4 positivity, 77% of samples were carcino-
mas compared to 23% adenomas (Figure 4).

Expression of S100A4, P-Cadherin and CD24 in
Ampullary Carcinoma Subtypes

The expression of P-cadherin and CD24 did not
differ significantly between the carcinoma subtypes.
Immunoreactivity —against S100A4, however,
showed a borderline P-value (0.041), but since the
number of cases varied markedly between the
distinct subgroups this result might be of limited
significance (Table 3).

Correlation of S100A4, P-Cadherin and CD24
Expression with Clinical-Pathological Parameters of
Carcinoma Samples

The expression of all investigated marker proteins
did not show significant differences according to T-,
N- and M-stage or tumor grading (data not shown).

Discussion

Most ampullary carcinomas are thought to originate
from pre-existing adenomas, indicating an adeno-
ma-carcinoma sequence with stepwise accumula-
tion of genetic alterations.*>?°=*" In our series, 74%
of patients with ampullary carcinomas had evidence
of coexisting adenomas which is in line with the

literature reporting synchronous lesions in 30-91%
of cases.*® Differentiating normal mucosa with
reactive atypia from dysplasia or dysplasia from
invasive carcinoma can be challenging or even
impossible in bioptic material. Markers for ampul-
lary dysplasia or invasive carcinoma could therefore
be of great diagnostic value.

The cadherins are a family of glycoproteins which
mediate calcium dependent homophilic cell-cell
adhesion. Altered or absent expression results in
decreased adhesion and might be important in
tumorigenesis, particulary tumor cell invasion.?*%
Expression of P-cadherin is physiologically re-
stricted to cytotrophoblastic placental cells (placen-
ta-cadherin), the basal layers of stratified epithelia
in the prostate and the skin and myoepithelial cells
in the breast.** However, aberrant expression has
been observed in several malignant tumors, includ-
ing adenocarcinomas of the cervix, ovarian cancer,
oral squamous cell carcinomas and carcinomas of
the breast.’®**** Interestingly, also intrahepatic
cholangiocarcinomas were shown to express
P-cadherin (13/23 cases), whereas normal mucosa
samples were consistently negative.?® In our series,
membranous expression of P-cadherin was found in
only 9/127 (7%) evaluable normal mucosa samples
but in more than 40% of adenomas and almost 60%
of carcinomas, indicating a role in the carcino-
genesis of ampullary tumors.

S100A4 is a calcium binding protein belonging
to the S100 proteins which are involved in
cell motility, cell adhesion and proliferation.®®
Furthermore, S100A4 was reported to contribute to
invasive growth of tumors, tumor progression and
metastases.’® Consequently, several carcinomas
were shown to express S100A4, including pancrea-
tic carcinomas, bladder cancer and breast carcino-
ma.’*** Zhao and colleagues found S100A4
expression in a small series of extrahepatic cholan-
giocarcinomas (8/10 cases) and biliary high-grade
dysplasia (5/6 cases) but not in any of the investi-
gated normal mucosa samples (0/10 cases).?® In our
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Figure 1 (a) Adenoma showing weak (Score 1) cytoplasmatic positivity for S100A4 (arrow) while mononuclear cells are strongly positive
(Score 2, arrowhead). (b) Carcinoma strongly positive (Score 2) for S100A4 (arrow), normal epithelium weakly positive (Score 1) for
S100A4 (arrowhead). Cytoplasmatic (arrow) and membranous (arrowhead) P-cadherin expression in Adenoma (c, weak, Score 1) and in
Carcinoma (d, strong, Score 2). Carcinoma with weak (e, Score 1) and strong (f, Score 2) CD24 positivity. (All pictures x 200).

series, strong immunoreactivity against SI00A4 was  strong S100A4 expression was observed with increa-
also virtually absent in normal mucosa samples  sing frequency (11% and 32%) but not as commonly
(1/122, 1%). In adenomas and carcinomas, however, as in the series by Zhao et al.*®
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CD24 is a small, heavily glycosylated cell surface
protein which is involved in the regulation of cell
proliferation and cell-cell interaction and was

Normal (No) and Adenoma (Ad)
N =198

l
17 P-Cadherin (mem) \—l

staining 1 or 2
No 6 (14%)
Ad 37 (86%)

staining 0

staining 0 or 1
No 103 (68%)
Ad 48 (32%)

staining 2
No 0 (0%)
Ad 4 (100%)

Figure 2 Decision tree to discriminate between normal mucosa
and adenoma. (10-fold cross-validation; misclassification rate:
27%).

Normal (No) and Carcinoma (Ca)
N =238

17, P-Cadherin (mem) —l

staining 1 or 2
No 6 (7%)
Ca 77 (93%)

staining 0

staining 0 or 1
No 103 (71%)
Ca 43 (29%)

staining 2
No 0 (0%)
Ca 11 (100%)

Figure 3 Decision tree to discriminate between normal mucosa
and carcinoma. (10-fold cross-validation; misclassification rate
20%).

Table 3 Immunoprofiles of carcinoma subtypes
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shown to be expressed in several malignant tumors,
including breast carcinoma, prostate cancer,
non-small cell lung cancer and bladder -carci-
noma.?**"**39 Interestingly, it has only recently
been suggested as a cancer stem cell marker in the
gastrointestinal tract and in the liver.*>*' The only
known ligand for CD24 is P-selectin which mediates
binding to platelets and endothelial cells and there-
fore could enhance the formation of tumor thrombi
and metastases.?® Also in cholangiocarcinomas and
pancreatic carcinomas expression of CD24 has been
reported in 51-81% of cases.”®*”** In colorectal
adenomas and carcinomas, furthermore, immunor-
eactivity against CD24 was observed in more than
85% of cases, but only in 17% of normal mucosa
samples.** In our series, strong expression of CD24
was mainly observed in carcinoma samples, but was
rare in normal mucosa (7/125, 6%) and even absent
in dysplastic lesions.

Since the distinct subtypes of ampullary carcino-
mas are known to exhibit significant differences in
clinical outcome with intestinal and intestinal-

Adenoma (Ad) and Carcinoma (Ca)
N =218

......... ...

hi.?l?%ﬂﬁ
staining 1 or 2

staining 0 Ad 22 (23%)
Ca 72 (77%)

.............

staining 0 or 1
Ad 67 (57%)
Ca 50 (43%)

staining 2
Ad 0 (0%)
Ca 7 (100%)

Figure 4 Decision tree to discriminate between adenoma and
carcinoma. (10-fold cross-validation; misclassification rate: 33%).

Marker Expression IT, N (%) IMT, N (%) PBT, N (%) G3AC, N (%) IPT, N (%) P-value*
S100A4 0 44 (56) 5 (42) 9 (28) 8 (40) 6 (75)
1 13 (16) 3 (25) 7 (22) 5 (25) 2 (25) 0.041
2 22 (28) 4 (33) 16 (50) 7 (35) 0 (0)
P-cadherin (cyt) 0 25 (31) 3 (23) 10 (33) 6 (33) 3 (38)
1 43 (55) 7 (54) 15 (50) 10 (56) 3 (38) 0.957
2 11 (14) 3 (23) 5 (17) 2 (11) 2 (25)
P-cadherin (mem) 0 37 (48) 5 (39) 9 (30) 8 (44) 2 (25)
1 22 (28) 6 (46) 10 (33) 2 (11) 1(13) 0.437
2 19 (24) 2 (15) 11 (37) 8 (44) 5 (63)
CD24 0 40 (51) 4 (33) 12 (60) 7 (35) 5 (71)
1 32 (41) 8 (67) 8 (40) 7 (35) 0 (0.0) 0.201
2 6 (8) 0 (0.0) 0 (0.0) 6 (30) 2 (29)

G3AC, poorly differentiated adenocarcinoma; IMT, intestinal-mucinous type; IT, intestinal type; IPT, invasive papillary type; PBT,

pancreaticobiliary type.
*y*-test to analyze staining 0 vs 1 and 2.
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mucinous types demonstrating a favourable prog-
nosis (cumulative survival (CS) 97 and 76 months)
compared to invasive papillary types, pancreatico-
biliary types and poorly differentiated adenocarci-
nomas (CS 59, 41 and 19 months) (Ruemmele
et al, submitted), accurate classification is of crucial
importance. In our series intestinal (88/177, 50%)
and pancreatico-biliary types (41/177, 23%) were
the most common subtypes, followed by poorly
differentiated adenocarcinomas (23/177, 13%),
intestinal-mucinous types (16/177, 9%) and inva-
sive papillary types (9/177, 5%). This is in line with
most of the reported series in the literature with only
several smaller studies demonstrating pancreatico-
biliary types to be more common than intestinal
types.">'>'7'® The expression of the investigated
marker proteins, however, did not differ signifi-
cantly between the distinct subgroups and therefore
do not seem to be useful in subclassification of
ampullary carcinomas.

Taken together, S100A4, P-cadherin and CD24 are
primarily expressed in neoplastic ampullary lesions
and only rarely in normal mucosa samples. Strong
expression of CD24 might, furthermore, help to
differentiate adenoma from invasive carcinoma.
Since a large amount of neoplastic samples are nega-
tive for all the investigated marker proteins, this
panel of cell adhesion proteins can not replace con-
ventional light microscopy but, in case of immuno-
reactivity, can support and confirm the diagnosis of
neoplastic disease.
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