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Summary. Mucinous cystic neoplasms (MCNs) of the
pancreas, ovary and lung have a similar histologic
appearance. We investigated if immunohistochemical
(IHC) studies could help in separating these neoplasms.
Twenty-six ovarian MCNs (invasive carcinoma and
borderline tumor), 12 pancreatic MCNs (invasive
carcinoma, and with moderate or high-grade dysplasia),
and 3 pulmonary MCNs (only invasive carcinoma) were
retrieved. Our study demonstrated that pancreatic MCNs
are positive for CDX-2 (67%), PDX-1 (100%), CK7
(83%) and CK20 (100%), while are negative for CA-
125. The THC profile of ovarian intestinal type MCN is
similar to that of pancreatic MCNs, except for lower
frequency of CDX-2 expression (29% vs. 67%). Ovarian
endocervical like MCNs are positive for CA-125 (100%)
and CK7 (100%), while are negative for CDX-2, PDX-1
and CK20. Pulmonary MCNs are positive for CDX-2
(100%), CK7 (100%) and CK20 (100%), while are
negative for PDX-1 and CA-125. All tumors are
negative for TTF-1, D2-40 and WT-1. We concluded that
an [HC panel of CDX-2, PDX-1, CA-125, and CK20 is
useful in separating MCNs of the pancreas, ovary and
lung.
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Introduction

Mucinous cystic neoplasm (MCN) is much more
common and best defined in the ovary (Scully et al.,
1998; Lee et al., 2003) and pancreas (Thompson et al.,
1999; Zamboni et al., 1999, 2000; Hruban et al., 2007)
than those arising in the lung (Colby et al., 2004).
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Pancreatic MCN accounts for approximately 2-5% of all
exocrine pancreatic tumors (Thompson et al., 1999).
Patients with pancreatic mucinous cystic
adenocarcinoma are approximately 10 years older than
patients with adenomatous or borderline tumors (MCN
with moderate dysplasia) (54 versus 44 years),
suggesting an adenoma - carcinoma sequence (Zamboni
et al., 1999). The borderline ovarian MCN accounts for
approximately 10% of mucinous ovarian tumors and 30 -
50% of ovarian epithelial borderline tumors (Scully et
al., 1998). Patients with ovarian intestinal type MCN
(MCN-I) are generally older than those with
endocervical-like MCN (MCN-E) with an average age
of 41 vs. 34 years old (Scully et al., 1998; Lee et al.,
2003). All pancreatic and ovarian MCNs have similar
histologic features, consisting of cysts lined by mucin-
secreting cells and surrounded by ovarian-like stroma,
which may result in difficulty in diagnosing the primary
site of a metastatic lesion in especially core needle
biopsy (CNB) or fine needle aspiration (FNA)
specimens.

Pulmonary MCN like ovarian and pancreatic MCN
can show a spectrum from mucinous cystadenoma,
borderline to mucinous cystadenocarcinoma (Devaney et
al., 1989; Graeme-Cook and Mark, 1991; Davison et al.,
1992; Dixon et al., 1993; Nakamura et al., 1993, Roux et
al., 1995, Tangthangtham et al., 1998; Monaghan et al.,
2002; Gao and Urbanski, 2005). Pulmonary mucinous
cystic adenocarcinoma (MCA) is very rare with less than
50 cases reported (Graeme-Cook and Mark, 1991;
Davison et al., 1992; Dixon et al., 1993; Roux et al.,
1995; Tangthangtham et al., 1998; Gaeta et al., 1999;
Gao and Urbanski, 2005). It was first proposed as a
distinct entity in 1989 (Devaney et al., 1989). It occurs
in patients between 40 to 73 years old and involves both
men and women (Nakamura et al., 1993; Tangthangtham
et al., 1998; Gao and Urbanski, 2005). It is not certain if
pulmonary MCA is related to smoking, since some
patients are non-smokers. Pulmonary MCA is
characterized by fibrous-walled cysts lined with
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mucinous epithelium that can vary from benign features
to malignant epithelium, histologically similar to the
better-recognized counterparts in the ovary, pancreas and
appendix (Nakamura et al., 1993; Tangthangtham et al.,
1998; Monaghan et al., 2002). Following initial limited
resection, mucinous cystic neoplasm of borderline
malignancy can recur (Mann et al., 2001). Prognosis of
pulmonary MCA is much better than conventional
pulmonary adenocarcinoma (Devaney et al., 1989;
Graeme-Cook and Mark, 1991; Davison et al., 1992;
Dixon et al., 1993; Nakamura et al., 1993; Roux et al.,
1995; Tangthangtham et al., 1998; Gaeta et al., 1999;
Mann et al., 2001; Monaghan et al., 2002; Gao and
Urbanski, 2005) and rare metastasis has been reported in
the literature (Gao and Urbanski, 2005).

Organ specific transcription factors, such as TTF-1
and CDX-2, and differential cytokeratins, such as CK7
and CK20, have been widely used in identifying an
adenocarcinoma of unknown site. Ovarian MCN was
reported to express CDX-2, CK7 and CK20 (Wauters et
al., 1995; Cathro and Stoler, 2002; Park et al., 2002;
Werling et al., 2003; Kaimaktchiev et al., 2004).
Pancreatic MCN is reported to be positive for CK7,
CAMS5.2, EMA and CEA (Bloomston et al., 2006).
Varying expression of CDX-2 has been noted in acinar
cells, islet of Langerhans cells (Jin and Drucker, 1996)
and less than 32% of pancreatic adenocarcinoma
(Silberg et al., 2000; Moskaluk et al., 2003; Werling et
al., 2003; Kaimaktchiev et al., 2004), but it has not been
reported if pancreatic MCN express CDX-2. Pulmonary
MCA is reported to be positive for CK7 and CK20 with
focal EMA positivity, and negative for CEA and
chromogranin A (Monaghan et al., 2002). Based on the
published data, it can be challenging to diagnose the
primary site in a metastatic MCN with IHC stains.

Although the diagnosis of the site of a MCN is
usually not difficult based on clinical history and
radiographic studies, it can occasionally be challenging
to exclude a metastatic MCN from a primary MCN due
to their histological similarity. In this study, we
investigated if immunohistochemical (IHC) studies
could help in better classifying these neoplasms.

Materials and methods
Selection of cases

This study was approved by the institutional review
board of Allegheny General Hospital, Pittsburgh, PA. In
this study, 26 ovarian mucinous cystic neoplasms
(MCN) consisting of 14 intestinal type (MCN-I) and 12
endocervical like (MCN-E) including borderline tumors
and invasive carcinomas, 12 pancreatic MCNs
(including MCNs with moderate and high-grade
dysplasia, and invasive carcinomas) and 3 pulmonary
MCNs (invasive carcinoma only) were evaluated. In the
3 patients with primary pulmonary MCN and 26 patients
with ovarian MCN, no lesion was identified in other
organs by computed tomography (CT) and magnetic

resonance image (MRI) studies at the time of surgery.
The gross findings of the 3 pulmonary MCA are similar
to the counterparts of pancreas and ovary.

Our clinical data showed that pancreatic MCN is
more frequently seen in women than men with a ratio of
5:1. The average age of patients with pancreatic MCN is
46+15 years old with a range of 32-69 years old.
Ovarian MCN affects women with an average age of
52+16 years old and a range of 21-74 years old.
Pulmonary MCN affects both men and women with an
average age of 60x12 years old and a range of 49-72
years old.

Pathologic evaluation and immunohistochemistry

Formalin-fixed (10% buffered formalin), routinely
processed, hematoxylin and eosin-stained (H and E)
tissue sections were evaluated independently by 2
pathologists (XL and YL).

Paraffin-embedded blocks were sectioned,
deparaffinized, rehydrated, and blocked with methanolic
3% hydrogen peroxide. Antigen retrieval was performed
in citrate buffer (pH 6.0). The immunostaining for CDX-
2 (BioGenex, San Ramon, CA, catalog number: MU392-
UC, mouse IgGl, 1:70 diluted), TTF-1 (Dako-
Cytomation, Carpinteria, CA, catalog number: M3575,
mouse IgG1, 1:100 diluted), PDX-1 (Santa Cruz Inc.,
Santa Cruz, CA, catalog number: ab47383, goat IgG,
polyclonal, 1:80 dilution), CA-125 (DakoCytomation,
Carpinteria, CA, catalog number: M3520, mouse 1gG1,
1:20 dilution ), CK7 (Cell Marque Inc., Hot Springs,
AR, catalog number: CMAS539, mouse IgG1, neat),
CK20 (Ventana, Tucson, AR, catalog number: 760-2635,
mouse I[gG2a, neat), WT-1 (DakoCytomation,
Carpinteria, CA, catalog number: M3561, mouse IgGl1,
1:100 dilution), D2-40 (Signet, Dedham, MA, catalog
number: 730-01, mouse IgG1, 1:50 dilution) on these
slides were performed in an automated immunostainer
with appropriate positive and negative controls. The
detection was performed with Iview DAB detection kit
(Vantana, Tucson, AZ, Catalog number: 760-091). It is
classified as negative if either <5% of cells are positive
for staining or the cells are weakly stained. All slides
were counterstained with hematoxylin and then were
evaluated independently by 2 pathologists (XL and YL).

Statistics

The stained slides were independently reviewed by 2
pathologists and the results were compared. Chi-square
and Fisher test was used for statistical analysis.

Results

Distinct IHC profiles of MCNSs of the pancreas, ovary and
lung

In this study, we found that pancreatic MCNs were
positive for CDX-2 (67%), PDX-1 (100%), CK7 (83%)
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and CK20 (100%), while were negative for CA-125,
TTF-1, D2-40, and WT-1 (Table 1 and Figure 1). The
IHC profile of ovarian MCN-Is was similar to that of
pancreatic MCNs except for lower frequency of CDX-2
expression (29% vs. 67%). Ovarian MCN-Es were
positive for CA-125 (100%) and CK7 (100%), while
were negative for CDX-2, PDX-1, CK20-1, TTF-1, D2-
40 and WT-1. The pulmonary MCNs were positive for

Fig. 1. Immunohistochemical results of the pancreatic, ovarian and pulmonary mucinous cystic neoplasms. Pancreatic MCN (A-E), ovarian intestinal

CDX-2 (100%), CK7 (100%) and CK20 (100%), while
negative for TTF-1, PDX-1, CA-125, D2-40 and WT-1.
Therefore, PDX-1 positivity of a MCN supported either
a primary pancreatic MCN or an ovary MCN-I.
Combination of a positive staining for CA-125 and
negative staining for CK20 and CDX-2 supported a
diagnosis of ovarian MCN-Es, but negativity for CA-125
and positivity for CK20 could not exclude ovarian MCN

t, RO

type MCN (F-J), ovarian endocervical like MCN (K-O) and pulmonary MCN (P-T) with stains with H and E (A, F, K and P), CDX-2 (B, G, | and Q),
PDX-1 (C, H, M and R), CA-125 (D, I, N and S), and CK20 (E, J, O and T). x 400
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Table 1. Expression of IHC markers in MCNs of pancreas, ovary and lung.

MCN No. CDX-2 PDX-1 CA-125 CK7 CK20
Pancreatic MCN 12 8 (67%)* 12 (100%)* 0 (0%) 10 (83%) 12 (100%)*
Ovarian MCN-| 14 4 (29%) 14 (100%)* 0 (0%) 14 (100%) 14 (100%)*
Ovarian MCN-E 12 0 (0%) 0 (0%) 12 (100%)* 12 (100%) 0 (0%)
Pulmonary MCN 3 3 (100%)* 0 (0%) 0 (0%) 3 (100%) 3 (100%)*

MCN: mucinous cystic neoplasm; MCN-I: intestinal type MCN; MCN-E: endocervical like MCN. All tumors were negative for TTF-1, D2-40 and WT-1. *:

P<0.01.

(ovarian MCN-I). CDX-2 was positive in all 3
pulmonary MCNs, the majority of pancreatic MCNs
(67%) and only a minority of ovarian MCN-I (29%).
Therefore, a combination of CDX-2 positive staining
and PDX-1 and CA-125 negative staining supported a
diagnosis of pulmonary MCN. This panel of THC
markers could not separate pancreatic MCN from
ovarian MCN-I, suggesting that these two neoplasms
had the same or very similar differentiation. Most
pancreatic MCNs, all ovarian MCNs (MCN-Is and
MCN-Es) and all pulmonary were positive for CK7 and
all MCNs of the pancreas, ovary and lung were negative
for TTF-1, D2-40 and WT-1. Therefore CK7, TTF-1,
D2-40 and WT-1 are not useful in separating these
neoplasms.

Discussion

Mucinous cystic neoplasms most commonly occur
in the ovary, appendix and pancreas than in other organs,
such as lung, liver, skin, prostate, retroperitoneum,
bladder and breast (Hart and Norris, 1973; Albores-
Saavedra et al., 1987; Dixon et al., 1993; Thompson et
al., 1999; Zamboni et al., 1999, 2000; Honma et al.,
2003; Lee et al., 2003; Colby et al., 2004; Bloomston et
al., 2006) MCNs from all sites appear virtually identical
to MCNss of the ovary and pancreas. Although the MCNs
of various sites have similar histologic and cytologic
features, our study shows that the IHC profiles of
ovarian, pancreatic and pulmonary MCNs are different.

The diagnosis of primary MCN is usually not
difficult based on the clinical history, imaging studies
and histologic findings, but it can occasionally be
challenging to identify the primary site of a metastatic
MCA. In this study, we found that a panel of IHC
markers of PDX-1, CA-125, CDX-2 and CK20 can help
in separating pancreatic, ovarian and pulmonary MCNs.
A MCN positive for PDX-1, CDX-2 and CK20 and
negative for CA-125 is most likely either pancreatic
MCN or an ovarian MCN-I. A MCN positive for CA-
125 and negative for PDX-1, CDX-2 and CK20 is most
likely ovarian MCN-E. A MCN positive for CDX-2 and
CK20 and negative for PDX-1 and CA-125 is most
likely of a pulmonary primary. Therefore, when a
metastatic MCN of possible pancreatic, ovarian or
pulmonary primary is suspected, the IHC panel (CDX-2,

PDX-1, CD-125 and CK20) is recommended in addition
to comprehensive clinical and radiological findings in
determining the primary site.

The pancreatic MCN and ovarian MCN-I show very
similar histologic and cytologic features. In this study,
we found that ovarian MCN-I expresses a similar ITHC
profile to that of pancreatic MCN, except for less
frequent expression of CDX-2 (29% vs. 67%). These
features suggest that these two neoplasms share the same
differentiation. The reported frequency of CDX-2
expression in ovarian MCN is controversial in the
literature, ranging from 10.5 - 64% (Moskaluk et al.,
2003; Werling et al., 2003; Kaimaktchiev et al., 2004).
But these published paper did not clarify the expression
of CDX-2 in ovarian MCN-I or ovarian MCN-E. In this
study, we found that CDX-2 was only expressed in the
ovarian MCN-I (only 29%), but not in the ovarian MCN-
E. We do not know the exact reason why the reported
frequency of CDX-2 expression in the ovarian MCNs
was so quite different. One possibility is misdiagnosis of
a metastatic intestinal adenocarcinoma as primary
ovarian MCN, as recently, it was found that nearly all
tumors previously diagnosed as metastatic ovarian
MCNs are instead metastatic mucinous carcinomas from
extraovarian sites (Hart, 2005). Another possibility is the
percentage of ovarian MCN-I versus MCN-E. Although
previous reports showed low frequency of CDX-2
expression in pancreatic neoplasms (< 32%) (Silberg et
al., 2000; Moskaluk et al., 2003; Werling et al., 2003;
Kaimaktchiev et al., 2004), our data showed that
pancreatic MCN has high frequency of CDX-2
expression (67%).

PDX-1, a transcription factor, is encoded by
pancreatic duodenal homeobox 1 and required for the
development and differentiation of duodenum and
pancreatic exocrine and endocrine cells (Offield et al.,
1996; Hui and Perfetti, 2002; Ashizawa et al., 2004). In
adults, PDX-1 is expressed in islet beta cells, normal
duodenal and colorectal epithelial cells as well as in
pancreatic adenocarcinoma and mucinous cystic
neoplasms (Ashizawa et al., 2004). In this study, we
found that PDX-1 is expressed in 100% pancreatic
MCNs and ovarian MCN-Is. Therefore, in our opinion
PDX-1 is not an “organ-specific” transcription factor,
and can be used as a sensitive marker of pancreatic
MCN and ovarian MCN-1.
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Primary pulmonary MCN exhibits distinctive
pathologic features (Devaney et al., 1989; Cook
and Mark, 1991; Davison et al., 1992; Dixon et al.,
1993; Nakamura et al., 1993; Roux et al., 1995;
Tangthangtham et al., 1998; Gaeta et al., 1999; Graeme-
Mann et al., 2001; Monaghan et al., 2002). Pulmonary
mucinous cystadenocarcinoma (MCA) shows a spectrum
ranging from mucinous cystadenoma, borderline
malignancy and mucinous cystadenocarcinoma,
histologically similar to its counterparts of ovarian and
pancreatic MCNs except for stroma (fibrous stroma vs.
ovarian stroma), and different from other subtypes of
pulmonary adenocarcinoma. Sufficient sections need to
be submitted for evaluation similar to the pathologic
work-up of pancreatic and ovarian MCN, as invasive
carcinoma may be present only in a small area of the
neoplasm. The distinctions between pulmonary MCA
and cystic mucinous bronchioloalveolar carcinoma
(BAC) or mucinous (colloid) adenocarcinoma with
cystic degeneration can be challenging, especially in
small specimens (such as core needle biopsy, fine needle
aspiration and wedged biopsy). Mucinous BAC usually
has a characteristic alveolar distribution with
preservation of the lung architecture, and a lining by
mucin-containing columnar cells without desmoplastic
stromal reaction. Occasionally mucinous BAC can be
multifocal in distribution, which is not seen in
pulmonary MCN. Mucinous adenocarcinoma shows
scant to abundant malignant glandular cells in the mucin,
while pulmonary MCN shows abundant extracellular
mucin with few malignant cells in the mucin. Cystic
degeneration of mucinous adenocarcinoma contains
necrotic debris and often is not lined by glandular
epithelium, while the cysts of pulmonary MCN contain
mucin rather than necrotic debris and are lined by mucin
producing epithelium. A spectrum of changes from
benign cystadenoma to cystadenocarcinoma has not been
described in conventional pulmonary adenocarcinoma
and mucinous adenocarcinoma, while pulmonary MCA
can show a spectrum ranging from benign, borderline
and malignant. Besides histological difference between
pulmonary MCN from pulmonary mucinous
adenocarcinoma or mucinous BAC, IHC can help in
separating them. Mucinous adenocarcinoma is positive
for TTF-1 (100%) (Tsuta et al., 2006). In this study, we
found that all 3 pulmonary MCNs were negative for
TTF-1. Mucinous BAC is reported to be positive for
TTF-1 (0-67%) and negative for CDX-2 (Lau et al.,
2002; Rossi et al., 2004; Saad et al., 2004; Simsir et al.,
2004). In this study, we found that all 3 pulmonary
MCNs were positive for CDX-2 and negative for TTF-1,
in contrast to a recent study reporting that pulmonary
MCNs are positive for TTF-1 (30%) and negative for
CK20 (Gao and Urbanski, 2005). One possible reason
for the discrepancy is the criteria that they used to define
pulmonary MCN. Their criteria include mucinous
(colloid) adenocarcinoma according to WHO
classification, which is different from the criteria of
WHO classification for pulmonary MCN (Colby et al.,

2004). Their cases include mucinous (colloid)
adenocarcinomas based on their case descriptions. In
addition, at least one case included in their study should
be classified as signet ring cell adenocarcinoma
according to WHO classification (Colby et al., 2004).
Another possible explanation is that only 3 primary
pulmonary MCNs were included in the current study due
to rarity of the cases. From our current results, we
believe that an IHC panel including CDX-2, TTF-1 and
CK20 should be used in the work-up, when the
differential diagnoses include pulmonary MCN,
mucinous adenocarcinoma and mucinous BAC,
especially in small biopsies. Considering the relative
excellent prognosis of pulmonary MCA, these tumors
should be distinguished from other subtypes of
pulmonary adenocarcinomas.

In conclusion, although the MCNs of the pancreas,
ovary and lung are histologically very similar, they
express different IHC profiles of CDX-2, PDX-1,
CA125 and CK20. This IHC panel can be helpful in
separating them and identify the primary site once
needed.
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