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A b s t r a c t

We investigated whether a panel of antibodies
including WT1 could separate pancreaticobiliary and
ovarian carcinomas by staining 64 pancreaticobiliary
adenocarcinomas, 41 ovarian serous carcinomas, and
12 primary ovarian mucinous neoplasms with WT1,
cytokeratin (CK) 17, CK20, carcinoembryonic antigen
(CEA), and CA-125. Moderate or strong intensity
reactivity in more than 25% of cells was a positive
result. Of the ovarian serous carcinomas, 38 (93%)
were WT1 reactive and 22 (54%) WT1 positive, 9 (22%)
had CK20 reactivity, and 3 (7%) were CK20 positive in
fewer than 50% of cells. All were CK17 or CEA
nonreactive. Of the ovarian mucinous neoplasms, all
were WT1 and CK17 nonreactive and 11 (92%) were
CEA reactive, 8 (67%) CEA positive, 10 (83%) CK20
reactive, and 6 (50%) CK20 positive. Of the
pancreaticobiliary adenocarcinomas, 19 (30%) were
CK20 positive, 27 (42%) CK17 positive, and 52 (81%)
CEA positive. All were WT1 nonreactive. A panel
including WT1, CK17, CK20, and CEA is useful to
distinguish pancreaticobiliary and ovarian serous
carcinomas. Extensive CK17 reactivity is supportive of
a pancreaticobiliary adenocarcinoma when the
differential diagnosis includes ovarian mucinous
neoplasm. None of the antibodies positively identified
ovarian mucinous neoplasms.

Metastatic pancreaticobiliary adenocarcinomas and
ovarian carcinomas can be morphologically, clinically, and
radiographically difficult to distinguish. Both neoplasms can
extensively involve the peritoneum, omentum, retroperitoneal
lymph nodes, and liver. Metastatic pancreaticobiliary muci-
nous adenocarcinoma to the ovaries also can simulate
primary ovarian mucinous neoplasms.1-3

Wilms tumor gene (WT1) is a tumor-suppressor gene
located on chromosome 11p13.4 Approximately 50% of
ovarian and primary peritoneal serous carcinomas have
detectable WT1 genetic alterations, despite which many
ovarian carcinomas express the WT1 gene and have
detectable WT1 protein in their nuclei.4-7 Antibodies to WT1
that work on formalin-fixed, paraffin-embedded tissue have
become commercially available. Experience with the WT1
antibody in epithelioid malignant neoplasms is extremely
limited. To date, there is unanimous agreement that WT1 is
immunohistochemically detected only in müllerian nonmuci-
nous carcinomas and mesotheliomas.6,8-10 However, there
have not been large numbers of ovarian serous carcinomas
stained with WT1, and many more nonmüllerian carcinomas
require study with the WT1 antibody before its breadth of
reactivity is understood completely.

We evaluated whether the antibody panel, WT1, carci-
noembryonic antigen (CEA), cytokeratin (CK) 17, CK20,
and CA-125 would be of assistance for separating pancre-
aticobiliary and ovarian neoplasms. As part of this evalua-
tion, we provide additional information and characterization
of WT1 reactivity in ovarian and pancreaticobiliary
neoplasms.
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Materials and Methods

Sixty-four pancreaticobiliary (7 ampullary only,
35 pancreas only, and 22 pancreas and ampullary)
adenocarcinomas from pancreaticoduodenal resection spec-
imens were identified from the files of William Beaumont
Hospital surgical pathology department during January
1995 through December 2000. All were typical adenocarci-
nomas; none of the neoplasms were of undifferentiated,
giant cell, acinic, or neuroendocrine carcinoma type. Fifty-
three primary ovarian adenocarcinomas were selected from
our files, including 41 serous carcinomas that were
predominantly high grade and 12 mucinous neoplasms. A
representative tissue block containing ample neoplasm was
selected from each case for immunohistochemical study.
The ovary was considered the primary site of the mucinous
neoplasms based on radiologic studies, dictated intraopera-
tive findings, an absence of previous or coexistent non-
ovarian adenocarcinoma, and characteristic morphologic
findings. None of the invasive mucinous adenocarcinoma
foci were composed of signet-ring adenocarcinoma cells or
had a nodular pattern of invasion, including discrete
nodules of invasive adenocarcinoma separated by regions
of normal ovarian parenchyma or scattered small mucinous
glands in otherwise normal stroma.3 In addition, none of
the primary ovarian mucinous neoplasms had disease
limited to the ovarian cortices or pseudomyxoma peritonei
(peritoneal adenomucinosis).3,11,12 All 12 ovarian mucinous
neoplasms had areas of irregular glands lined by mucin
cells with no to moderate cytologic atypia. Seven had areas
of marked cytologic atypia but no stromal invasion, 2 had
an area of less than 0.5 cm in maximum dimension of infil-
trative small mucinous glands, 1 had an area less than 0.5
cm in maximum dimension of a confluent glandular pattern
of mucinous glands that formed complex patterns, and 2
had areas greater than 0.5 cm in maximum dimension of
infiltrative mucinous glands.3

Slides of the appendix were available for review in 10 of
12 patients with ovarian mucinous neoplasms. The appendix
was resected concurrently with the ovarian mucinous
neoplasm in 8 cases and 17 and 29 years before oophorec-
tomy in 2 cases. The appendix was described as being
grossly normal in all 10 cases. All were evaluated by a single
tissue block that contained the appendiceal tip and 1 or 2
more-proximal cross-sections. None were completely
submitted for histologic evaluation. The appendix was
morphologically normal in 5 of 6 patients with invasive
ovarian mucinous adenocarcinoma and in 4 of 7 patients
with noninvasive mucinous lesions. One patient with nonin-
vasive neoplasms had regions in which the normal appen-
diceal mucosa was replaced by minimally stratified, low-
grade, atypical, mucinous epithelium.

Immunohistochemical Staining

Three-micrometer-thick consecutive sections were cut
from each block, and each section was placed on a charged
slide. Sections were deparaffinized using sequential immer-
sions into 2 xylene baths, 3 baths of decreasing alcohol
concentrations, and 2 water baths, followed by a 1-minute
wash in water. Slides were immersed in EDTA buffer (pH
7.0) and put into a commercial vegetable steamer at 95°C for
30 minutes. The slides were allowed to cool on the counter,
remaining immersed in the heated EDTA buffer–filled
containers for 5 minutes, followed by a 2-minute rinse with
water while remaining in the containers. The slides were
transferred into tris(hydroxymethyl)aminomethane-filled
containers (pH 7.0), and allowed to undergo an additional 10
minutes of cooling on the countertop. They then were trans-
ferred to a commercial immunohistochemical autostainer
(DAKO, Carpinteria, CA) and were first washed with buffer,
followed by a hydrogen peroxide incubation. The latter was
rinsed off, and the primary antibody was applied. The
primary antibody was incubated over the sections for 20
minutes at room temperature. After the primary antibody
was washed off, the components of the Envision-plus detec-
tion system (DAKO) were applied, including an antimouse
polymer, 2 distilled-water washes, and a final diaminobenzi-
dine incubation for 4 minutes. Sections were counterstained
with hematoxylin and coverslipped. A positive control slide
containing known cytokeratin-reactive tissues was stained
with each batch of simultaneously stained slides.

Primary antibodies used CK7 (clone OV-TL-12/30;
1:800 dilution; DAKO), CK17 (clone E3; 1:200 dilution;
DAKO), CK20 (clone KS20.8; 1:500 dilution; DAKO), CEA
(clone D14; 1:600 dilution; Enteric Products, Stonybrook,
NY), CA-125 (clone OC 125; 1:800 dilution; Signet,
Dedham, MA), and WT1 (clone 6F-H2; 1:200 dilution;
DAKO).

Two WT1 antibodies initially were tested in 20 ovarian
serous papillary carcinomas, the C-19 clone directed toward
a region of the carboxyl terminus of the protein and 6F-H2
directed toward a region of the amino terminus of the
protein. The 6F-H2 antibody produced stronger, homoge-
neous reactivity than the C-19 clone and was used in the
study. Importantly, this clone of WT1 antibody produces no
immunoreactivity in desmoplastic small round cell tumors.13

The percentage of reactive invasive adenocarcinoma
cells was quantified as follows: 0%, less than 5%, 5% to
25%, 26% to 50%, 51% to 75%, or more than 75%. Intensity
of stained cells was quantified into 1 of 3 categories: 1+,
weak staining, required high magnification to detect; 2+,
moderate staining, reactivity could be seen easily at medium
magnification and with careful, slow inspection using dim
light at low magnification; or 3+, strong staining that was
easily seen at low magnification.
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Results

Antibody Reactivity in Neoplasms

Ovarian Serous Carcinomas
Thirty-eight (93%) of 41 ovarian serous carcinomas

were reactive for WT1 ❚ Image 1❚ , ❚ Image 2❚ , ❚ Image 3❚ , and
❚ Table 1❚ . Twelve (29%) of 41 carcinomas had nuclear reac-
tivity that was only of weak intensity, and the other 26 (63%)
had reactivity of moderate or strong intensity. Fourteen
(54%) of 26 serous carcinomas with moderate or strong
intensity WT1 reactivity had regions of weak WT1 reac-
tivity. Regions in which every carcinoma cell nucleus
seemed to be reactive for WT1 were separated by regions in
which the carcinoma cells had no reactivity in these cases.
Only 3 (7%) of 41 neoplasms were completely nonreactive
for WT1.

CK20 reactivity was present in 9 (22%) of 41 ovarian
serous carcinomas ❚ Table 2❚ . Only 3 (7%) had reactivity in
26% to 50% of the neoplastic cells.

Ovarian Mucinous Neoplasms
All 12 ovarian mucinous neoplasms were nonreactive

for WT1. Of the 12 ovarian mucinous neoplasms, 10 (83%)
were reactive for CK20, of which 6 (50%) had reactivity in
more than 25% of the neoplastic cells ❚ Table 3❚ .

Pancreaticobiliary Adenocarcinomas
Of 64 pancreaticobiliary adenocarcinomas, 19 (30%)

had CK17 reactivity in more than half of the neoplastic cells,

14 (22%) had CK20 reactivity in more than half of the
neoplastic cells, and 52 (81%) had CEA reactivity in more
than 25% of the neoplastic cells ❚ Table 4❚ . Fifty-nine (92%)
of 64 pancreaticobiliary adenocarcinomas were CA-125
reactive. All 64 pancreaticobiliary adenocarcinomas were
nonreactive for WT1.

Ovarian Serous vs Pancreaticobiliary Carcinomas

Individual Antibodies
WT1 was positive in 22 (54%) of 41 ovarian serous

carcinomas, using a positive result cut-point threshold of
reactivity in at least 25% of the neoplastic cells, compared
with no reactivity in all 64 pancreaticobiliary adenocarci-
nomas ❚ Table 5❚ . Twenty-seven (42%) and 52 (81%) of the
pancreaticobiliary adenocarcinomas were positive for CK17
and CEA, respectively, whereas all ovarian serous carci-
nomas were nonreactive with both antibodies. Nineteen
(30%) of the pancreaticobiliary adenocarcinomas and 3 (7%)
of the ovarian serous carcinomas were positive for CK20, but
only the pancreaticobiliary adenocarcinomas had CK20 reac-
tivity in more than half of the neoplastic cells.

Antibody Panel
Three ovarian serous carcinomas (7%) were positive

with 2 antibodies, CK20 and WT1. WT1 reactivity was of
strong intensity and in more than 75% of the neoplastic cells
in all 3 of these carcinomas. Nineteen ovarian serous carci-
nomas (46%) were positive for only WT1. Dropping below
the positive cut-point threshold, 16 ovarian serous carcinomas

❚ Image 1❚ Diffuse WT1 reactivity in an ovarian serous
carcinoma (hematoxylin counterstain, ×2.5).

❚ Image 2❚ High-power magnification of Image 1. The WT1
nuclear reactivity is uniformly strong and homogeneous.
There is minimal variation in the intensity of reactivity
between nuclei (hematoxylin counterstain, ×164).
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(39%) had some WT1 reactivity, of which 12 had only weak
intensity staining, 3 had moderate or strong intensity staining
in 5% to 25% of the neoplastic cells, and 1 had moderate

reactivity in fewer than 5% of the neoplastic cells. Only 3
ovarian serous carcinomas (7%) were nonreactive with WT1,
CK20, CK17, and CEA.

Thirteen pancreaticobiliary adenocarcinomas (20%) had
a positive immunoreaction with 3 antibodies, CK17, CK20,
and CEA. Twenty pancreaticobiliary adenocarcinomas
(31%) were reactive with 2 antibodies, CEA and either
CK17 or CK20. Twenty-nine pancreaticobiliary adenocarci-
nomas (45%) were positive for only CEA, and 2 (3%) were
nonreactive with all 3 antibodies.

Ovarian Mucinous Neoplasms vs Pancreaticobiliary
Adenocarcinomas

Of 64 pancreaticobiliary adenocarcinomas, 27 (42%)
were positive for CK17, of which 19 (30%) had reactivity in
more than half of the neoplastic cells. In contrast, all of the
ovarian mucinous neoplasms were completely nonreactive
with CK17. A similar percentage of both neoplasms had
positive results with CEA, CK20, and CA-125.

Discussion

Distinction between ovarian and pancreaticobiliary
neoplasms can be problematic. Ovarian serous carcinomas

❚ Image 3❚ Regional WT1 nonreactivity. None of the ovarian
serous carcinoma cells stain with WT1. This is a different
area of the same neoplasm seen in Images 1 and 2
(hematoxylin counterstain, ×14).

❚ Table 1❚
WT1 Immunoreactivity in 41 Ovarian Serous Carcinomas*

Intensity

Percentage of Stained Cells 0+ 1+ 2+ 3+

0 3 (7) 0 (0) 0 (0) 0 (0)
<5 0 (0) 3 (7) 1 (2) 0 (0)
5-25 0 (0) 2 (5) 2 (5) 1 (2)
26-50 0 (0) 2 (5) 1 (2) 3 (7)
51-75 0 (0) 3 (7) 3 (7) 4 (10)
>75 0 (0) 2 (5) 4 (10) 7 (17)

* Data are given as number (percentage). 1+, weak staining, required high magnification for detection; 2+, moderate staining, reactivity could be seen easily at medium
magnification and with careful, slow inspection using dim light at low magnification; 3+, strong staining easily seen at low magnification.

❚ Table 2❚
Immunoreactivity in 41 Ovarian Serous Carcinomas*

Antibody

Percentage of Carcinoembryonic
Stained Cells Cytokeratin 17 Cytokeratin 20 Antigen CA-125 WT1†

0 41 (100) 32 (78) 41 (100) 4 (10) 3 (7)
<5 0 (0) 5 (12) 0 (0) 0 (0) 1 (2)
5-25 0 (0) 1 (2) 0 (0) 3 (7) 3 (7)
26-50 0 (0) 3 (7) 0 (0) 7 (17) 4 (10)
51-75 0 (0) 0 (0) 0 (0) 18 (44) 7 (17)
>75 0 (0) 0 (0) 0 (0) 9 (22) 11 (27)

* Data are given as number (percentage).
† WT1 positivity, 2+ or 3+ intensity (see Table 1 for definitions).
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and pancreaticobiliary adenocarcinomas can be morphologi-
cally, radiographically, and clinically similar when metastatic
to the abdomen or pelvis. Pancreaticobiliary mucinous
adenocarcinoma metastases to the ovaries can simulate a
primary ovarian mucinous neoplasm.1-3 The present study
provides supportive evidence that the antibody panel of
WT1, CK17, CK20, and CEA can assist in the distinction
between pancreaticobiliary adenocarcinoma and ovarian
serous carcinoma.

Antibodies to WT1 have become commercially avail-
able only recently. To date, the limited experience with WT1
reactivity in epithelioid malignant neoplasms has found that
WT1 is expressed only in ovarian nonmucinous carcinomas
and mesotheliomas.6,8-10,14 Serous carcinomas account for

the largest percentage of WT1-reactive ovarian surface
neoplasms. Reactivity, when present in endometrioid and
clear cell carcinomas, is usually extremely focal.10,14 The
results of the present study are similar to those of other
studies. We found WT1 staining was restricted to ovarian
serous carcinomas only, in which 38 (93%) of 41 were reac-
tive, whereas all 12 ovarian mucinous neoplasms and all 64
pancreaticobiliary adenocarcinomas were completely WT1
nonreactive. Similar staining percentages were obtained by
the authors of the two other studies that describe WT1 reac-
tivity in ovarian serous carcinoma. Seventeen (49%) of 35
serous carcinomas had significant WT1 staining in one
study.6 Twenty-five (83%) of thirty ovarian nonmucinous
carcinomas were WT1 reactive in the second study.14

❚ Table 3❚
Distribution of Immunoreactivity in 12 Ovarian Mucinous Neoplasms*

Antibody

Percentage of Carcinoembryonic
Stained Cells Cytokeratin 17 Cytokeratin 20 Antigen CA-125 WT1

0 12 (100) 2 (17) 1 (8) 6 (50) 12 (100)
<5 0 (0) 2 (17) 2 (17) 2 (17) 0 (0)
5-25 0 (0) 2 (17) 1 (8) 2 (17) 0 (0)
26-50 0 (0) 5 (42) 2 (17) 2 (17) 0 (0)
51-75 0 (0) 1 (8) 3 (25) 0 (0) 0 (0)
>75 0 (0) 0 (0) 3 (25) 0 (0) 0 (0)

* Data are given as number (percentage).

❚ Table 4❚
Distribution of Immunoreactivity in 64 Pancreaticobiliary Adenocarcinomas*

Antibody

Percentage of Carcinoembryonic
Stained Cells Cytokeratin 17 Cytokeratin 20 Antigen CA-125 WT1

0 25 (39) 35 (55) 5 (8) 5 (8) 64 (100)
<5 4 (6) 9 (14) 5 (8) 10 (16) 0 (0)
5-25 8 (12) 1 (2) 2 (3) 16 (25) 0 (0)
26-50 8 (12) 5 (8) 9 (14) 17 (27) 0 (0)
51-75 9 (14) 4 (6) 12 (19) 9 (14) 0 (0)
>75 10 (16) 10 (16) 31 (48) 7 (11) 0 (0)

* Data are given as number (percentage).

❚ Table 5❚
Positive Pancreaticobiliary and Ovarian Neoplasms*

Neoplasm

Antibody Pancreaticobiliary (n = 64) Ovarian Serous (n = 41) Ovarian Mucinous (n = 12)

Cytokeratin 17 27 (42) 0 (0) 0 (0)
Carcinoembryonic antigen 52 (81) 0 (0) 8 (67)
Cytokeratin 20 19 (30) 3 (7) 6 (50)
WT1 0 (0) 22 (54) 0 (0)
CA-125 33 (52) 34 (83) 2 (17)

* Positive reaction, >25% reactivity. Data are given as number (percentage).
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The other 3 antibodies, CK17, CK20, and CEA provide
supportive evidence of a pancreaticobiliary adenocarcinoma.
Of 64 pancreaticobiliary adenocarcinomas in the present
study, 19 (30%) were positive for CK20, which is similar to
the 30% to 50% reactivity prevalence reported by others.15-20

In contrast, only 3 (7%) of 41 ovarian high-grade serous
carcinomas in the present study were positive for CK20, all
of which had reactivity in only 26% to 50% of the neoplastic
cells.

Results for CK20 reactivity on ovarian serous carcinoma
in other studies are split. Some have reported focal CK20
reactivity in a minority of ovarian serous carcinomas,16,20-22

and some have noted no reactivity.15,23-25 In our opinion,
only CK20 staining in more than 50% of the neoplastic cells
of a neoplasm should be interpreted as supportive evidence
of a pancreaticobiliary adenocarcinoma. Reactivity in fewer
than 50% of the cells should be considered an inconclusive
result.

Little is known about CK17 reactivity in ovarian surface
neoplasms and its functionality in a differential antibody
panel, despite its commercial availability for almost 2
decades.15,25-27 Of 64 pancreaticobiliary adenocarcinomas in
the present study, 27 (42%) were positive for CK17, which is
similar to the result reported in the one other study that also
examined formalin-fixed, paraffin-embedded tissue blocks
from pancreaticobiliary adenocarcinoma specimens.28 All
ovarian serous carcinomas in the present study were nonre-
active with CK17, which differs from the focal to moderate
reactivity seen in 40% of the 15 serous carcinomas studied
by the other group of authors.28 We do not have an explana-
tion for this difference. Regardless, we believe a cautious
approach to its interpretation is warranted, similar to that for
CK20.

Fifty-two (81%) of 64 pancreaticobiliary adenocarci-
nomas in the present study were positive for CEA, whereas
all ovarian serous carcinomas were nonreactive. These
values are slightly lower than the approximate means of 90%
(range, 70%-95%) in pancreaticobiliary adenocarci-
nomas29,30 and 15% (range, 0%-37%) in serous carcinomas
reported in the literature.9,21,23,29,31

The advantages of the antibody panel approach when
attempting to establish the site of origin of an adenocarci-
noma are evident from the present study. There is a greater
likelihood that the cytokeratin antibodies will produce incon-
clusive staining results because of the aforementioned focal
reactivity issues than yield an extensively positive result that
is strongly supportive of a pancreaticobiliary adenocarci-
noma. Thirty-three of 64 pancreaticobiliary adenocarci-
nomas (52%) had a positive immunoreaction with CEA and
one or both of the cytokeratin antibodies. All of the pancre-
aticobiliary adenocarcinomas that were positive for either
CK17 or CK20 also were positive for CEA. Conversely, all 3

ovarian serous carcinomas that were positive for CK20 also
were diffusely positive for WT1. We did not encounter an
ovarian serous carcinoma that was reactive with CK20 and
nonreactive with WT1. Despite using a panel of 4 antibodies,
there is a substantial chance that only 1 antibody will be
reactive when considering a carcinoma that is either pancre-
aticobiliary or ovarian serous. When the 2 groups of carci-
nomas were combined (29/64 pancreaticobiliary and 19/41
ovarian serous), 46% displayed a positive reaction with
either CEA or WT1. In the context of separating a pancreati-
cobiliary adenocarcinoma from an ovarian serous carcinoma,
we would consider positive CEA reactivity (using the CEA
D-14 clone) as strong supportive evidence of a pancreatico-
biliary adenocarcinoma. We also would interpret moderate or
strong intensity WT1 reactivity in greater than 5% of cells as
strong supportive evidence of an ovarian serous carcinoma.

The immunoreactivities of CK20, CEA, and CA-125 in
pancreaticobiliary adenocarcinomas and ovarian mucinous
neoplasms are similar, if not identical. Although the anti-
bodies were not studied as a panel, other authors obtained
similar staining results with these antibodies in ovarian muci-
nous neoplasms.21,32,33

WT1 reactivity is limited to ovarian serous carcinomas.
All of the pancreaticobiliary and ovarian mucinous
neoplasms were completely nonreactive with WT1.
Conversely, serous carcinomas are nonreactive with the CEA
D-14 clone. Together with CK17 and CK20, these 4 anti-
bodies constitute a useful panel to assist in the distinction
between pancreaticobiliary adenocarcinomas and ovarian
serous carcinomas. CK17, when extensively positive, is
supportive of a pancreaticobiliary adenocarcinoma. None of
the antibodies positively identified ovarian mucinous
neoplasms.

From the Department of Anatomic Pathology, William Beaumont
Hospital, Royal Oak, MI.

Address reprint requests to Dr Goldstein: Dept of Anatomic
Pathology, William Beaumont Hospital, 3601 W Thirteen Mile Rd,
Royal Oak, MI 48073.
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