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Distinguishing primary ovarian carcinoma, particularly endometrioid and mucinous subtypes, from metastatic
colorectal carcinoma to the ovary is often difficult on histologic examination alone. Recently, three
immunohistochemical markers CDX2, a homeobox gene encoding an intestine-specific transcription factor;
a-methylacyl-CoA racemase (AMACR/P504S), a mitochondrial and peroxisomal enzyme with fairly restricted
expression in selective tumors and b-catenin, an adenomatous polyposis coli (APC) mutation product resulting
in activation of the Wnt pathway, have been reported to have specific and sensitive expression in colorectal
carcinomas. We evaluated a panel consisting of antibodies to CDX2, b-catenin and P504S in 23 primary ovarian
adenocarcinomas (13 mucinous and 10 endometrioid) and compared the findings to 22 metastatic colorectal
adenocarcinomas (seven mucinous and 15 nonmucinous tumors with endometrioid-like morphology hereafter
referred to as pseudo-endometrioid) to the ovary stained with the same panel. Twenty (91%) metastatic tumors
expressed at least two markers and seven (32%) expressed all three. In contrast, only three (13%) primary
ovarian tumors expressed at least two markers and none expressed all three. Strong (2þ , 3þ ) and diffuse
(440%) expression for CDX2 was noted in 21 (95%) metastatic tumors and five (22%) primary ovarian tumors
(three mucinous, two endometrioid). P504S was similarly expressed in seven (32%) metastatic and none of the
primary ovarian carcinomas. Nuclear expression of b-catenin was noted in 13 (59%) metastatic tumors and in
eight cases (36%), it was diffuse and strong. In contrast, four (19%) primary tumors showed nuclear expression
of this protein with only one (5%) case expressing it in a diffuse pattern. Immunohistochemical expression of
gene products and enzymes of colorectal carcinogenesis in some primary ovarian carcinomas suggest that the
morphologic similarities between colorectal and mucinous/endometrioid carcinoma of the ovary extends to the
genetic level, although differences in the level of expression exist between these tumors. Diffuse expression of
all three markers (CDX2, b-catenin and P504S) in a tumor in the ovary was found to be virtually diagnostic of
metastasis from a colorectal primary in this study.
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It has been estimated that metastatic tumors to the
ovary account for approximately 7% of all ovarian
tumors1 and the majority of these represent spread
from primary lesions in the gastrointestinal tract.2

Distinguishing primary ovarian adenocarcinoma,
particularly endometrioid and mucinous subtypes,

from metastatic tumors from the colon can be
challenging.3 In the past decade, numerous markers
with differing specificity and sensitivity have been
evaluated in the above differential diagnosis.4–8 The
use of differential cytokeratin expression using
cytokeratin 7 (CK7) and cytokeratin 20 (CK20) in
this group of tumors is of great value, although
limited by the frequent expression of cytokeratin 20
in primary mucinous tumors of the ovary (reported
to be up to 60% in some studies) and the coexpres-
sion of CK7 by a small subset of primary colonic
adenocarcinomas.6,9,10 More recently, immunohisto-
chemical detection of cellular proteins such as
CDX2 and b-catenin in colorectal carcinoma,
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overexpressed as a consequence of genetic alteration
in their respective genes, has fostered an interest in
the use of antibodies to these proteins as specific
markers of colorectal differentiation in a carcinoma.
Recent immunohistochemical studies have shown
CDX2 to be an exquisitely sensitive and highly
specific marker of intestinal adenocarcinomas.11–13

Similarly, nuclear overexpression of b-catenin has
been observed in a high percentage of intestinal
adenocarcinomas.14 a-Methylacyl-CoA racemase
(AMACR) or P504S, an enzyme involved in bile
acid biosynthesis, has been shown to be a highly
sensitive marker for colorectal carcinomas, although
its expression has been shown to be directly related
to the grade of the tumor.15,16 The use of these
antibodies in clinical practice to identify a meta-
static tumor as colorectal in origin when the primary
site may not be clinically apparent is of great
potential and provides a useful addition to CK7
and CK20. In this study, we evaluated the utility of a
panel of immunohistochemical stains, CDX2, b-
catenin and P504S, in distinguishing primary
mucinous and endometrioid adenocarcinoma from
metastatic colorectal adenocarcinoma to the ovary.

Materials and methods

Twenty three primary ovarian tumors (13 mucinous,
10 endometrioid) and 22 metastatic colonic tumors
to the ovary (7 mucinous and 15 pseudoendome-
trioid) were identified from the surgical pathology
files of Emory University Hospital and Massachu-
setts General Hospital. The classification of the
tumors into primary vs metastasis was reviewed
using established histologic criteria3,17 and in cases
of putative primary tumors where morphologic
findings were not diagnostic, clinical records were
reviewed to confirm absence of a gastrointestinal
primary on follow-up.

Representative hematoxylin and eosin stained
slides from the tumors were reviewed and one
representative block selected for immunohistochem-
ical staining. Immunohistochemical studies for
CDX2 (CDX2-88, 1:200, BioGenex, San Ramon, CA,
USA), P504S (Z2001, 1:40, Zeta Corp., Sierra Madre,
CA, USA) and b-catenin (E-5, 1:80, Santa Cruz,
Santa Cruz, CA, USA) were performed. Data from b-
catenin staining performed on some of the primary
ovarian tumors and metastatic colonic tumors was
presented in abstract form previously and included
in the current study.18 Briefly, 5 mm sections were
deparaffinized and rehydrated. Antigen retrieval

was performed by pressure cooking the slides in
citrate buffer (pH 6) for 5min at 1201C. All the tissue
was then exposed to 3% hydrogen peroxide for
5min (to block endogenous biotin reactivity), pri-
mary antibody for 25min, biotinylated secondary
antibody for 25min, streptavidin enzyme complex
for 25min, diaminobenzidine as a chromogen for
5min and hematoxylin counterstain for 5min. All
immunohistochemical staining was performed by an
automatic stainer (DAKO, Carpinteria, CA, USA).
Stained slides were then coverslipped using the
Tissue-Tek.SCA (Sakura finetek, USA, Inc., Tor-
rance, CA, USA) automatic coverslipper. Appropri-
ate positive and negative controls were included.

Extent of immunohistochemical expression was
recorded and scored as 0, o10%; 1þ , 11–40%; 2þ ,
41–70% and 3þ , 71–100%. In addition, intensity of
staining was also recorded and scored on a three-
tiered system as 1þ : weak, 2þ : moderate and 3þ :
strong. Nuclear expression of CDX2, cytoplasmic
expression of P504S and both nuclear and membra-
nous expression for b-catenin was recorded.

Results

The extent of positivity for CDX2, P504S and b-
catenin (nuclear) is summarized in Table 1.

Metastatic Colonic Adenocarcinoma (n¼22)

Moderate to strong (2þ , 3þ ) and diffuse (3þ )
nuclear expression for CDX2 was noted in all but
one of the tumors (Figure 1a). There was no
correlation observed between the extent of CDX2
expression and tumor type (mucinous vs pseudoen-
dometrioid) and the grade of the tumor. Seven of 22
(32%) cases showed expression for P504S in greater
than 40% of the cells (2þ to 3þ ) that was moderate
to strong in intensity (Figure 1b). Nuclear expression
for b-catenin (2þ , 3þ ) was noted in 36% of the
tumors (Figure 1c), predominantly cytoplasmic-
membranous pattern was noted in 55% of cases
and in two cases (11%), the staining pattern was
both membranous and nuclear. Twenty tumors
expressed at least two markers and seven showed
expression of all three markers.

Primary Ovarian Adenocarcinoma (n¼23)

CDX2 was typically expressed as weak/focal nuclear
staining in the majority of the cases (Figure 2),

Table 1 Extent of positivity for CDX2, P504S and b-catenin expression

Tumor type CDX2: 1+ CDX2: 2+, 3+ P504S: 1+ P504S: 2+, 3+ b-Catenin (nuc): 1+ b-Catenin (nuc): 2+, 3+

Primary ovarian carcinoma n¼ 23 26% 22% 13% 0% 14% 5%
Metastatic colonic carcinoma n¼ 22 4.5% 95% 9.5% 32% 23% 36%
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however, five of 23 cases (22%) showed diffuse (2þ ,
3þ ) nuclear expression of CDX2. Three were
mucinous and two endometrioid in histology. None

of the tumors expressed P504S (2þ , 3þ ) and
nuclear staining for b-catenin (2þ , 3þ ) was
observed in 5% of the tumors. In two endometrioid
tumors with extensive squamous metaplasia, strong
nuclear staining with b-catenin was observed in foci
of squamous metaplasia (Figure 3). Diffuse staining
with at least two markers was observed in only three
tumors and none of the tumors expressed all three
markers.

Discussion

Colorectal adenocarcinoma is the most frequent
metastatic tumor to the ovary that mimics a primary

Figure 1 Typical pattern of expression for CDX2 (a), P504S (b)
and b-catenin (c) in metastatic colorectal carcinoma to the ovary.
Note the differentiated nature of the mucinous epithelium in (c).
Diffuse and strong nuclear expression for CDX2 and b-catenin was
observed in metastatic tumors.

Figure 2 CDX2 expression in primary mucinous ovarian adeno-
carcinoma. Although, strong and diffuse staining was observed in
approximately 20% of tumors in this group, the typical pattern of
expression was either negative or focally positive as seen here.

Figure 3 Strong nuclear expression for CDX2 in foci of squamous
metaplasia in a primary endometrioid adenocarcinoma of the
ovary.
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Mullerian adenocarcinoma, usually one of endome-
trioid or mucinous cell type.2,17,19,20 This important
distinction has clinical implications for accurate
staging of the tumor as well as for therapeutic
options. Recent studies have highlighted the salient
morphologic features helpful in distinguishing a
primary from a metastatic tumor,3,20 however, occa-
sionally immunohistochemical studies may be very
helpful as supportive evidence in the above differ-
ential diagnosis. Differential staining with CK7 and
CK20 in conjunction with morphology and clinical
information is usually adequate in ascribing a
primary site in the majority of the cases4,6,7,9,10

however, a small percentage of primary ovarian
adenocarcinomas, most often mucinous or endome-
trioid subtypes may be difficult to distinguish from a
colorectal metastasis using differential cytokeratin
expression. This is largely in part due to the high
percentage (approximately 60% in one study) of
primary mucinous ovarian tumors that may express
cytokeratin 204,6,9 and coexpression of CK7 in up to
10% of colorectal tumors.10 The recent development
of immunohistochemical markers to proteins that
are specifically upregulated in colorectal carcinoma
has provided another diagnostic tool that may be
useful in the small percentage of cases where
distinguishing a primary ovarian from a colorectal
metastasis may be problematic using conventional
morphologic criteria alone. In this study, we focus
on the utility of three novel markers expressed in
colorectal carcinoma, CDX2, b-catenin and P504S, to
be used as a potential panel in distinguishing
between a primary carcinoma and a colorectal
carcinoma metastatic to the ovary.

Human CDX2 protein is a member of the homeo-
box gene that encodes an intestine-specific tran-
scription factor.21,22 This protein regulates normal
intestinal development and is expressed in the
nuclei of epithelial cells throughout the intestinal
tract in embryonic and postnatal life. Expression of
CDX2 mRNA has been shown to be highly restricted
to intestinal epithelium.23 The sensitivity and
specificity of antibodies to CDX2 protein as a marker
of colonic adenocarcinoma has been recently eval-
uated in a few studies with reported sensitivity and
specificity of greater than 90%.11–13 In our study,
95% of the metastatic colorectal carcinomas to the
ovary showed CDX2 expression. The staining pat-
tern in all the cases was uniform with strong nuclear
expression in almost all nuclei and was indepen-
dent of the tumor subtype (mucinous vs pseudoen-
dometrioid). CDX2 expression in a pattern similar to
that observed in colonic metastasis was observed in
five (22%) of primary ovarian adenocarcinomas.
These tumors represented 21% of the mucinous
ovarian carcinomas and 20% of the endometrioid
tumors evaluated in this study. An interesting
observation within the mucinous subtype was the
complete absence of CDX2 expression in primary
ovarian tumors with an expansile pattern of inva-
sion. Morphologically, an expansile pattern has

been reported to be present in 88% of primary
ovarian mucinous carcinomas and 18% of meta-
static tumors in one recent study.3 In contrast, the
three mucinous tumors with strong CDX2 expres-
sion showed an infiltrative pattern of growth
characterized by small glands irregularly infiltrating
the ovarian stroma including one with extravasated
mucin in the stroma (pseudomyxoma ovarii). Since
this morphologic pattern of invasion is more
commonly observed in metastatic tumors,3 clinical
correlation is essential in these difficult cases; in the
absence of any clinical evidence of a colonic
primary, the strong expression of CDX2 in these
cases likely represents a true enteric phenotype in
the primary ovarian neoplasm. There were two
primary endometrioid tumors in which strong
CDX2 expression was observed in a pattern indis-
tinguishable from that observed in metastatic color-
ectal carcinoma. One of these cases also showed
strong nuclear expression for b-catenin, but neither
expressed P504S thus illustrating the importance of
using an immunohistochemical panel in this differ-
ential diagnosis. Moskaluk et al13 found strong
CDX2 expression in 20% of endometrioid and 20%
of mucinous carcinomas of the ovary, results that are
comparable to the current study. However, four
other series comprising a total of 55 primary
mucinous carcinomas of the ovary have recently
reported a wide range of expression for CDX2 in this
group of tumors (64–100%).11,12,24,25 Such a hetero-
geneous CDX2 expression is intriguing since all four
series used the same antibody clone in their
analysis. In order to explain the lack of consistency
in the literature on the expression of CDX2 in
ovarian mucinous tumors, Gaggero et al26 evaluated
the expression of CDX2 in 50 benign mucinous
cystadenomas of the ovary (47 endocervical type
and three intestinal types). The authors found all 47
endocervical-type mucinous cystadenomas stained
negative for CDX2 and two of three intestinal-type
cystadenomas stained positive. They concluded that
the expression of CDX2 in mucinous tumors was
likely dependent on the cell type (endocervical or
intestinal). In the current study, two of the three
mucinous tumors that expressed CDX2 were of pure
intestinal type and the remainder was a mixed
endocervical/intestinal subtype. We therefore agree
with Gaggero et al26 that an attempt to correlate the
CDX2 staining with the cell type may be helpful in
understanding the wide range of reported expres-
sion of CDX2 in this group of tumors.

Recent morphologic observations have led to a
reappraisal of the range of histologic findings that
can be observed in metastatic tumors to the ovary,
particularly from the gastrointestinal tract.2,3,19,27,28 It
is well recognized that the morphologic mimicry of
a metastatic tumor may be such that it may be
extremely difficult to correctly ascribe a primary site
in the absence of unequivocal clinical or histologic
evidence of a known extraovarian primary. Two
recent studies have further emphasized that the true

Distinguishing primary ovarian from metastatic
S Logani et al

22

Modern Pathology (2005) 18, 19–25



incidence of primary mucinous carcinoma of the
ovary may be significantly lower than that histori-
cally determined as a result of misclassification of
metastatic tumors as ovarian primaries.27,29 In view
of these findings, positive CDX2 expression in a
mucinous tumor involving the ovary should be
interpreted with caution; although it may be a
primary ovarian adenocarcinoma, the possibility of
a metastatic tumor needs to be carefully excluded.
Conversely, negative expression of CDX2 in a
mucinous tumor in the ovary would strongly
support an ovarian primary since virtually all
colonic adenocarcinomas express CDX2 in a diffuse
pattern. In the current study, the five cases of
primary ovarian carcinoma with diffuse CDX2
staining likely represent true enteric differentiation
in these tumors at the genetic level and it would be
of interest to study this selected group of ovarian
tumors for genetic mutations involving the CDX2
gene.

a-Methylacyl-CoA racemase, also known as
P504S, is a mitochondrial and peroxisomal enzyme
involved in the metabolism of fatty acids.17,30,31

Overexpression of P504S has been observed in
several tumors, most notably prostate and colorectal
carcinoma and in one study, 92% of colorectal
carcinomas were found to overexpress this pro-
tein.16,32 The expression of this protein in cancer
precursor lesions such as high-grade prostatic
intraepithelial neoplasia and colorectal adenoma
suggests that it has a role in early carcinogenesis.15

The expression of this protein in ovarian carcinoma
has not been formally studied and limited informa-
tion is available on its expression profile in
epithelial tumors of the ovary of different histologic
subtypes. In this study, 32% of metastatic colonic
adenocarcinomas to the ovary showed diffuse
expression of P504S as compared to none of the
primary ovarian tumors. Jiang et al32 evaluated the
expression of P504S in numerous neoplasms and
found that 7% of ovarian adenocarcinomas ex-
pressed this protein, although the histologic subtype
of ovarian adenocarcinoma was not provided and
colonic adenocarcinomas were not evaluated. In all,
83% of the colonic adenocarcinomas evaluated in
the study by Zhou et al16 demonstrated positive
P504S protein expression. The higher percentage of
cases of colonic adenocarcinoma with positive
expression of this protein in the study by Zhou et
al16 compared to the current study may be explained
by the fact that we evaluated P504S expression in a
selected group of metastatic tumors. There is some
suggestion that the protein expression of P504S is
related to the grade of the tumor with the highest
expression in a tubular adenoma and decreased
expression in high-grade tumors.15 Since metastatic
tumors are more likely to be high grade, the
decreased expression of P504S in the metastatic
colorectal carcinomas in our study is not surprising.

A frequently observed genetic change in colorectal
carcinoma is an inactivating mutation of the adeno-

matous polyposis coli (APC) gene.33 This leads to
abnormal accumulation of the protein b-catenin in
the nucleus since the wild-type APC is involved in
the degradation of this protein.34 b-Catenin is a
transactivating factor for the transcriptional factor
Tcf-4 that regulates the expression of downstream
target genes believed to be responsible for the
oncogenic effect of a dysregulated b-catenin.35

Another mechanism for an abnormal accumulation
of this protein is the presence of a direct mutation in
the b-catenin gene with similar biologic effect. Since
greater than 80% of colorectal carcinomas are
thought to harbor a mutation in the APC gene,
immunohistochemical detection of this protein in
the tumor cell nucleus is a useful marker for
colorectal carcinoma and is indicative of activation
of the Wnt pathway through mutations in the APC or
b-catenin pathway. Chou et al36 found nuclear
expression of b-catenin in 83% of the colorectal
carcinoma and 9% of ovarian mucinous tumors.
Wang et al37 found 81% of colorectal carcinomas
involving the urinary bladder to express b-catenin.
Our results are comparable (59%), although diffuse
(42þ ) expression was observed in 36% of colonic
and in only one of the ovarian tumors in our study.
This case merits further discussion as it was an
endometrioid adenocarcinoma with foci of border-
line endometrioid tumor. In addition to strong and
diffuse nuclear expression for b-catenin, a similar
pattern of expression for CDX2 was also noted in
this tumor. These patterns viewed in isolation
strongly suggest a metastasis from a colonic tumor;
however, after 3 years no colonic primary was
clinically identified and the presence of borderline
endometrioid neoplasia (rarely simulated by metas-
tasis in contrast to the situation with mucinous
tumors) indicated a likely primary nature. This case
exemplifies that on rare occasions, CDX2 and b-
catenin may be expressed by a primary ovarian
adenocarcinoma in a pattern typical of a colorectal
tumor. We have not performed genetic analysis on
this case to determine if mutations in the aforemen-
tioned genes were present in this case or not,
however, immunohistochemically the presence of a
mutation is strongly suggested.

In summary, the immunohistochemical expres-
sion of specific markers of colorectal adenocarcino-
ma in mucinous and endometrioid adenocarcinoma
of the ovary indicates that the phenotypic mimicry
in these tumors extends to the genetic level in some
cases. A panel comprising of CDX2, b-catenin and
P504S is helpful in distinguishing a primary
mucinous or endometrioid adenocarcinoma from a
colorectal metastasis to the ovary in the majority of
cases and is a useful adjunct to the already
established role of differential staining with CK7/
CK20 in this differential diagnosis. Strong and
diffuse nuclear expression of CDX2 along with
diffuse nuclear expression of b-catenin favors a
colorectal primary and expression of all three
markers in a tumor is diagnostic of the same.
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