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Abstract

Invasive micropapillary carcinoma (IMC) is generally an aggressive morphologic variant that has
been described in the bladder, lung, breast, salivary gland, gastrointestinal tract, and ovary. Given
the morphologic similarities between IMCs arising from different organ systems and the high
propensity of this histologic subtype for lymphatic metastasis, it may be necessary to use
immunohistochemical (IHC) markers to determine the primary site of an IMC. Few studies have
compared the IHC profiles of IMCs originating from different sites. We tested a panel of 11 IHC
markers for their ability to distinguish urothelial, lung, breast, and ovarian IMC using a tissue
microarray constructed with primary tumor tissue from 47 patients with IMC (13 bladder, 6 lung,
16 breast, and 12 ovarian). For each tumor, correct classification as IMC was verified by reverse
polarity MUCI expression. We found that immunostaining for uroplakin, CK20, TTF-1, estrogen
receptor (ER), WT-1 and/or PAX8, and mammaglobin was the best panel for determining the
most likely primary site of IMC. The best markers to identify urothelial IMC were uroplakin and
CK20, whereas p63, high molecular weight cytokeratin, and thrombomodulin were less sensitive
and specific. Lung IMC was uniformly TTF-1 positive. Breast IMC was ER positive,
mammaglobin positive, and PAX8/WT-1 negative, while ovarian IMC was ER positive,
mammaglobin negative, and PAX8/WT-1 positive. In the metastatic setting, or when IMC occurs
without an associated in situ or conventional carcinoma component, staining for uroplakin, CK20,
TTF-1, ER and WT-1, and/or PAX8, and mammaglobin is the best panel for accurately classifying
the likely primary site of IMC.
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Invasive micropapillary carcinoma (IMC) is generally an aggressive morphologic variant of
carcinoma that has been described in multiple anatomic sites, including the urinary bladder,
lung, breast, salivary gland, gastrointestinal tract, and ovary.1:220.12.17.21 Characterized by
avascular clusters of tumor cells floating in stromal clefts, IMC consistently demonstrates
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inverted cellular polarity with the apical membrane domain of tumor cells facing outward
toward the surrounding stroma rather than inward toward a central lumen.%14 Recent studies
of breast IMC using high-resolution microarray, comparative genomic hybridization, and
also expression profiling studies, support the concept that IMC represents a distinct genetic
and clinicopathologic entity.10-23 Indeed, in almost all organ systems, with the exception of
the ovary,2! IMC portends a poor prognosis with a greatly increased risk of lymph node
metastases when compared with conventional carcinoma.1:24.9.16.22 |n the bladder, IMC is
considered to be so aggressive that some groups have advocated for radical cystectomy as a
first-line therapy even for non-muscle invasive disease in place of conventional
intravesicular therapies.>

Given the frequency of metastasis and also the morphologic similarities between IMC from
different organ systems, it is often necessary to use immunohistochemical (IHC) stains to
help identify the origin of a metastatic IMC of unknown primary. In addition, although IMC
is typically associated with a component of conventional carcinoma in most organ systems,
in the absence of this feature it may be difficult to determine whether one is dealing with a
primary lesion or a metastasis, a distinction critical for appropriate clinical management.
Although there are a number of studies that characterize the IHC profile of urothelial, lung,
breast, and ovarian IMC individually, few studies have thoroughly compared the IHC profile
of multiple IMC originating from different organ systems. In this study, we used a series of
47 carcinomas with micropapillary features to develop a minimal IHC panel of 6 markers
that reliably distinguishes urothelial, lung, breast, and ovarian micropapillary carcinomas.

MATERIALS AND METHODS

Tissue Selection

Formalin-fixed paraffin-embedded primary tumor tissue from 47 IMC cases was collected
from the files of the Johns Hopkins Hopspital and arrayed in triplicate on 2 tissue
microarrays with protocol approval from the Institutional Review Board. The group
included 13 cases of micropapillary variant of urothelial carcinoma, 6 cases of
micropapillary lung carcinoma, 16 cases of micropapillary breast carcinoma, and 12 cases of
invasive micropapillary serous carcinoma originating in the ovary (also known as low-grade
serous carcinoma). Micropapillary tumors consisting exclusively of an in situ component
were excluded. To verify the diagnosis, all IMC cases were immunostained for MUC1
expression. As expected, all cases showed inverted polarity, with MUCI expression along
the membrane segment facing the stroma, a previously reported feature of micropapillary
carcinomas in most organ systems (Fig. 1).14 In 31% (4 of 13) of the urothelial cases, 33%
(2 of 6) of lung cases, and 6% (1 of 16) of breast cases, a concurrent component of in situ or
invasive conventional carcinoma was also included in the array as a control.

IHC and Scoring

After deparaffinization and rehydration, 4-pum tissue sections were subjected to antigen
retrieval and primary antibody incubation with 12 different antibodies and appropriate
positive controls as detailed in Table 1. Primary antibody was omitted for negative controls.
All immunostaining, with the exception of mammaglobin, PAX8, and uroplakin was
performed on a Benchmark XT automated stainer (VVentana Medical Systems, Tucson, AZ)
with primary antibody incubations around 30 minutes at room temperature. Mammaglobin
and PAX8 primary antibodies were incubated at room temperature for 15 minutes.
Uroplakin was incubated at 4°C overnight.3 For each antibody, the number of cases with
>10% of cells showing 1+ or greater intensity staining (on a 0 to 3+ scale) was recorded by a
pathologist (T.L.). Only nuclear localization was scored for estrogen receptor (ER), p63,
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PAXS8, TTF-1, and WT-1, whereas cytoplasmic/membranous staining was scored for all
others.

The results of the IHC staining for the 47 cases are summarized in Tables 2 and 3. Nearly all
urothelial, lung, breast, and ovarian micropapillary cases labeled with CK7. For the
urothelial micropapillary carcinoma, the most sensitive marker was pan-uroplakin, which
showed membranous and/or cytoplasmic staining in 92% (11 of 12) of evaluable cases (Fig.
2). In contrast, uroplakin immunostaining was entirely absent from breast, lung, and ovarian
IMC making it specific for urothelial IMC. CK20 also labeled 54% (7 of 13) of urothelial
IMC cases, but was less specific as it was also expressed by 17% (1 of 6) of lung IMC cases.
All CK20-positive urothelial IMC cases were also uroplakin positive. High molecular
weight cytokeratin (34BE12) and p63, typically expressed in about two-thirds of
conventional urothelial carcinomas were expressed in only 15% (2 of 13) and 27% (3 of 11)
of urothelial IMC cases. Similarly, thrombomodulin was expressed by only 23% (3 of 13) of
urothelial IMC cases and was not specific, labeling 19% (3 of 16) of breast and 17% (1 of 6)
of lung IMC cases as well. For lung IMC, TTF-1 was the most sensitive and specific marker,
labeling 100% (6 of 6) of lung cases and absent from all other IMC cases (Fig. 2).

For breast and ovarian IMC, ER-labeled 88% (14 of 16) and 92% (11 of 12) of cases,
respectively. Including WT-1 and PAX8 in the panel distinguished the ovarian IMC cases as
91% (10 of 11) and 100% (11of 11) of ovarian cases expressed these markers, and they were
both entirely specific for ovarian IMC (Fig. 3). Mammaglobin was the only specific breast
marker labeling 56% (9 of 16) of breast IMC cases (Fig. 3). Given the high frequency of ER
positivity in the IMC breast cases, mammaglobin was generally positive in cases that were
also ER positive, although there was 1 ER-negative, mammaglobin-positive case.

DISCUSSION

IMC in most organ systems typically presents with high-stage disease and a high proportion
of patients develop lymph node metastases. When presenting as a metastasis with an
unknown primary or as an apparent primary tumor without associated in situ or conventional
carcinoma component, it is prudent to utilize immunohistochemistry to help localize the site
of origin. Although a number of reviews and case reports in the literature have highlighted
the pitfalls of diagnosis associated with metastatic micropapillary carcinomas, no earlier
study has systematically examined the immunoprofile of a large series of IMC cases
originating in different organ systems. In this study, we found that an IHC panel composed
of uroplakin, CK20, TTF-1, ER, WT-1/PAX8, and mammaglobin is the best combination to
accurately classify the primary site of IMC. In addition, because CK20-positive urothelial
IMC cases were a subset of the uroplakin-positive cases, and the mammaglobin-positive
breast cases were generally also ER positive, our recommended panel could theoretically be
reduced to only 4 markers: uroplakin, TTF-1, ER, and WT-1 or PAX8. Markers that were
less sensitive/specific and that we do not recommend included p63, high molecular weight
cytokeratin, thrombomodulin, and CK7.

The IHC profiles of bladder, lung, breast, and ovarian IMC have been separately studied in a
handful of earlier reports. Samaratunga and Khool8 looked at 7 cases of micropapillary
urothelial carcinoma and found them to be uniformly CK7 positive and focally CK20
positive. In addition, 57% showed focal 34BE12 reactivity, a somewhat higher percentage
than we found in this study. More specific urothelial markers such as thrombomodulin and
uroplakin have not been previously investigated in bladder IMC. Similar to our current
findings, Amin et al® reported that CK20 positivity is not specific to bladder IMC. Of 15
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cases of lung IMC, they found that 13% were positive for CK20. Fortunately, TTF-1 is
specific for lung IMC, and as in our study, Amin et al2 reported that the majority (80%) of
their lung cases expressed the transcription factor.

A small number of studies have compared the IHC profiles of breast and ovarian
micropapillary carcinoma. The majority of studies looking at the immunoprofile of breast
IMC have focused on hormone receptor and Her2-neu status. Similar to the current findings,
ER positivity has been reported in the majority of breast IMCs, with some studies showing
as many as 91% of tumors positive (reviewed in Ref. 13). Mammaglobin was recently
studied by Kanner et al® in 10 breast IMC cases, with 70% of them expressing the protein.
Consistent with our results, in the same study, 12 serous ovarian carcinomas were entirely
negative for mammaglobin. Moritani et al'® looked at the nuclear expression of WT-1 in 37
cases of breast IMC and found that 3% of tumors were focally weakly positive for this
marker. In a similar study, Lee et al® found that of 34 cases, 26% were positive for WT-1.
Some cross-reactivity with usual-type ductal breast carcinoma has been seen with WT-1
immunostaining, leading some to suggest that PAX8 is a more specific marker for ovarian
carcinoma.® However, PAX8 has not previously been studied in micropapillary breast or
ovarian carcinoma. In this study, we found that WT-1 nuclear positivity was specific for
ovarian IMC, but PAX8 immunostaining may be useful as an additional specific adjunct
stain.

In addition to the bladder, lung, breast, and ovary, IMC has been rarely reported in the
salivary glands and gastrointestinal tract, although we did not address such cases in this
study because of their infrequent occurrence. A micropapillary variant of salivary ductal
carcinoma was reported to be positive for CK7 and negative for CK20 in a small case
series.12 Several case reports describe IMC occurring in the stomach and colon!7:1% and a
recent case series has documented IMC occurring in the ampullo-pancreatobiliary region.’
Unfortunately, because of the scarcity of such cases, the IHC profile of gastrointestinal IMC
remains anecdotal. Given the ubiquitous expression of CK7 seen in bladder, lung, breast,
and ovarian IMC, CK7 negativity would be predicted to be helpful in distinguishing colonic
IMC; however, only scattered case reports document this fact.24 Similarly, CDX2
expression has not been studied extensively in these tumors as a specific marker of colonic
micropapillary adenocarcinoma. As more cases of gastrointestinal IMC are recognized,
future studies will be helpful to establish a more specific immunoprofile for these tumors.

In addition to identifying an optimal IHC panel, our study is the first to utilize a number of
relatively newly available immunostains to specifically label micropapillary carcinomas
from different sites. Uroplakin has been reported as a sensitive and specific marker for
conventional urothelial carcinomas, however, it has not been previously studied in the
micropapillary variant of urothelial carcinoma. Similarly, mammaglobin has been shown to
be a sensitive and specific marker of conventional ductal carcinomas, but our study is among
the first to look at its expression in breast IMC. Finally, in the ovary, PAX8 is emerging as
an alternative to WT-1 immunostaining as it is specifically expressed by tissues of renal,
thyroid, or Mullerian origin, however, we are the first to study it in ovarian IMC. We found
that use of additional organ system-specific markers such as uroplakin, mammaglobin, and
PAX8 added specificity to our IHC panel and helped us to more confidently distinguish
urothelial, lung, breast, and ovarian micropapillary carcinomas. Ultimately, the use of these
markers allowed us to develop a relatively small IHC panel (6 markers) that we feel reliably
identified the site of origin of the majority of IMCs.
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FIGURE 1.

MUC1 immunostaining of micropapillary tumors. MUC1 localization is inverted in
micropapillary tumors and expressed along the membrane segment facing the stroma. This
inverted expression of MUC1 was used to verify the micropapillary diagnosis for bladder,
lung, breast, and ovarian tumors used in this study (all photomicrographs at x200). H&E
indicates hematoxylin and eosin.
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FIGURE 2.
Bladder invasive micropapillary carcinoma (IMC) cases expressed uroplakin and CK20, but

were negative for TTF-1, whereas lung IMC cases expressed TTF-1 and variable CK20 but
were negative for uroplakin (all photomicrographs at x200). H&E indicates hematoxylin and

eosin.
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FIGURE 3.

Both breast and ovarian invasive micropapillary carcinoma (IMC) cases expressed estrogen
receptor (ER), whereas breast cases expressed mammaglobin and were negative for PAXS,
and ovarian IMC cases were negative for mammaglobin and expressed PAX8 (all
photomicrographs at x200). H&E indicates hematoxylin and eosin.
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