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Invasive micropapillary carcinoma, a tumor with highly infiltrative characteristics is defined by a distinctive cleft
formation around the neoplastic cell clusters which is presumably a result of the detachment of the cells from
the stroma due to as yet undetermined factors. Ultrastructural examination performed on a handful of cases
demonstrated an unexpected secretory activity in the stroma-facing surface of the cells. MUC1 is a glycoprotein
typically expressed in the apical surface of normal epithelial cells, responsible for maintaining lumen formation.
In conventional adenocarcinomas, MUC1 expression is largely intracytoplasmic, intercellular, or apical (in
glandular areas). The MUC1 expression pattern was investigated by immunohistochemical staining in invasive
micropapillary carcinoma of breast (n¼ 11), pancreas (n¼ 5), gynecologic tract (n¼ 11) and urinary bladder
(n¼ 10). The results were contrasted with the staining pattern in conventional carcinomas of the same organs
(n¼ 202). In all invasive micropapillary carcinoma, MUC1 expression was predominantly in the stroma-facing
surface of the cell clusters (basal), accentuating the outlines of the micropapillary units by forming a distinct
band on this surface. In conventional carcinoma the labeling was mostly apical in areas with lumen formation
and intracytoplasmic and intercellular in the poorly differentiated areas. In conclusion, in the micropapillary
pattern of invasive carcinoma, the expression of MUC1, is largely limited to the basal surface of the cells in
contrast to conventional carcinomas in which MUC1 is largely apical, intracytoplasmic or intercellular. This
provides support for the reversal of cell orientation as an important factor of the morphogenesis and possibly
the pathogenesis of invasive micropapillary carcinoma. Since MUC1 is known to have a role in lumen formation,
and has an inhibitory role in the cell to stroma interaction, it is conceivable that it is a key factor in the
detachment of cells from stroma allowing for the dissection of the connective tissue and easing the spread of
cells.
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Invasive micropapillary carcinoma is the name
given to a distinctive pattern of carcinoma char-
acterized by cleft formation around neoplastic cell
clusters (Figure 1).1,2 Tumors with this morphology,
even when focal in otherwise conventional carcinoma,
are characterized by a high degree of lymphotrop-
ism.2–7 Electron microscopy examination in a hand-
ful of invasive micropapillary carcinoma cases
demonstrated an unexpected secretory activity in
the stroma-facing surface of the tumor cells suggest-
ing a reversal in cell polarity in this particular type
of tumor.2

MUC1 is a type of mucin (a surface glycoprotein)
encoded by the MUC1 gene, located on chromosome

1 (1q21).8–10 MUC1 is expressed on the cell mem-
branes in a variety of normal tissues where it
is exclusively present on the apical surface of
epithelial cells.

The purpose of our study is to test the hypothesis
of reverse cellular polarization in invasive micro-
papillary carcinoma by investigating the cellular
distribution of MUC1, the apical glycoprotein, in
invasive micropapillary carcinoma from different
organs, and contrast it with the expression patterns
of MUC1 in the conventional carcinomas of the
same sites.

Material and methods

Cases

In all, 37 cases of invasive micropapillary carcinoma
and 202 cases of conventional carcinomas were
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gathered from the pathology files of the Karmanos
Cancer Institute and Wayne State University. Of the
invasive micropapillary carcinoma cases, 11 did
arise in breast, five in pancreas, 11 in the ovary
(invasive micropapillary/low-grade serous carcino-
mas), and 10 in the urinary bladder.

Of the conventional carcinomas, 45 were in breast
(30 invasive ductal and 15 invasive lobular carcino-
mas), 136 were in pancreas (conventional pancreato-
biliary adenocarcinomas), 11 were in the ovary
(high-grade serous papillary carcinomas), and 10
were in the urinary bladder (nine invasive uro-
thelial and one high-grade papillary urothelial
carcinomas).

Immunohistochemical Stains

The immunohistochemical stains were performed
by the avidin–biotin peroxidase method. The com-
mercial antibody MUC1 (clone Ma695) was pur-
chased from Vector laboratories (Burlingame, CA,
USA). After deparaffinization and blocking of
endogenous peroxidase, tissue sections were
steamed in 10M, pH 6.0, citrate buffer for 20min
and allowed to stand in the lot buffer for an
additional 20min. MUC1 antibody diluted 1:1000,
was incubated with the tissue sections for 60min.
Biotinylated anti-mouse and avidin–biotin complex
were applied for 10min each (Vector, Burlingame,
CA; dilution 1:200 for the biotinylated anti-mouse).
After color development with 3-amino-9-ethylcarba-
zole, sections were counterstained with hematox-
ylin. Benign and neoplastic breast tissues were used
as controls.

Evaluation of the Labeling

The distribution pattern of MUC1 was evaluated in
each case as luminal (rimming the apical membrane
of the cell in glandular or cystic areas), intercellular

(highlighting the intercellular aspect of the cyto-
plasmic membrane), basal (labeling the surface of
the cell facing the stroma), and intracytoplasmic. We
also noted the percentage of positive cells and
classified the tumor arbitrarily accordingly as
focally (o50% of the cells) or diffusely (450% of
the cells) staining for MUC1. Fisher’s exact test was
used to compare the location of expression of MUC1
between the invasive micropapillary and conven-
tional carcinomas.

Results

Staining in the Normal Tissue

In the normal breast tissue MUC1 labeling was
limited to the apical surface of the ducts, forming a
thin band (Figure 2). Similar pattern was seen in the
intralobular small ductules in pancreas (those in the
close proximity to the centroacinar area, lined by
small cuboidal cells with minimal cytoplasm). The
interlobular ducts, acini, and islets were negative for
MUC1.

In normal urothelium MUC1 expression was
consistently strong and diffuse in the apical mem-
branes of the umbrella cell layer. Focal cytoplasmic
staining was also seen in urothelial cells of deeper
layers and Von Brunn’s nests. The amount of
staining was variable between different cases.

In ovary, MUC1 was expressed in the cell apex of
the germinal coelomic epithelium when it had
plump cells, as well as in the luminal surface of
cells lining benign epithelial inclusion cysts and
endometriosis glands and cysts, when present.

Staining in the Invasive Micropapillary Carcinoma

In all carcinomas with invasive micropapillary
morphology, invariably and regardless of the site,

Figure 2 MUC1 in benign breast tissue with apocrine metaplasia.
Band-like staining on the luminal (apical) surface of the ducts.

Figure 1 Invasive micropapillary carcinoma of the breast. The
neoplastic cell clusters are surrounded by clear spaces.
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MUC1 expression was strongly and diffusely pre-
sent in the stroma-facing (basal) surface of the
neoplastic cell clusters, consisting of a thin band
of staining (Figure 3). In few cases (three in breast,
and six in urinary bladder) there was in addition a
focal intracytoplasmic staining. In two invasive
micropapillary carcinoma cases arising in breast,
when lumens were present within the clusters, an
apical rimming was also seen in addition to the
basal staining.

Staining in Conventional Adenocarcinoma

Overall the patterns of staining were different
between invasive micropapillary and conventional
carcinoma (Po0.001). None of the conventional
carcinomas displayed a basal labeling for MUC1
glycoprotein (Po001). In breast, the staining was
cytoplasmic in 34 cases (75%), luminal in eight
(18%), and intercellular in 28 (62%). In pancreas, 88

adenocarcinomas had intracytoplasmic labeling
(65%), 102 had luminal staining (75%), and an
intercellular staining was seen in 108 tumors (80%)
(Figure 4). In these organs (breast and pancreas) the
staining was usually diffuse. In all urothelial
carcinomas MUC1 expression was both intracyto-
plasmic and intercellular. This expression was
usually focally present. In the high-grade serous
ovarian carcinomas all tumors showed focal lumi-
nal, intracytoplasmic, and intercellular labeling.

Discussion

Invasive micropapillary morphology is being
increasingly recognized as a prognostically impor-
tant pattern of adenocarcinoma occurring in various
organs including breast, urinary bladder, ovary, and
lung.2–6,11–13 Except in the ovary, where it is
considered a low-grade carcinoma and displays an
indolent behavior-unlike the conventional/high-
grade serous carcinoma,12 invasive micropapillary
carcinoma has been associated with a high degree of
aggressiveness in other organs, manifested by high
stage at presentation, massive lymph node meta-
stasis and extensive lymphovascular inva-
sion.2,4,6,7,11,13 There is no clear explanation for the
morphogenesis of this tumor or on how this
particular morphology affects its behavior. Luna-
More et al,2 in a study of a series of invasive
micropapillary carcinoma of breast, demonstrated
an unexpected secretory activity towards the sur-
rounding stroma in two tumors, showing by electron
microscopy, the presence of microvilli on the cell
surface facing the stroma. Furthermore, they demon-
strated by special stains, in some of their cases, the
presence of a small amount of mucinous secretions
in the clear spaces surrounding the epithelial
clusters. In keeping with these findings, our study

Figure 3 MUC1 in invasive micropapillary carcinoma. Band-like
labeling present on the stroma-facing (basal) surface on the
neoplastic cell clusters. (a) Invasive micropapillary carcinoma of
the breast. (b) Invasive micropapillary carcinoma of the urinary
bladder.

Figure 4 MUC1 in conventional ductal adenocarcinoma of the
pancreas. Luminal (apical) and intracytoplasmic staining in
glandular structures.
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shows that MUC1, a glycoprotein normally located
in the apical cell surface of normal glandular
epithelium, has a highly aberrant expression in
invasive micropapillary carcinoma where it is
localized predominantly in the stroma-facing sur-
face of the cells.

MUC1 is a high molecular weight, heavily
glycosylated transmembrane glycoprotein,
expressed in the apical surface of a wide variety of
epithelial tissues.14 It is composed of a cytoplasmic
tail of 69 aa and a large extracellular domain that
consists of a variable number of tandem repeats rich
in serine and threonine residues.9,15,16 This domain
undergoes specific O-glycosylation to generate a
broad range of glycosylated variants of the MUC1 -
molecule differing between various organ sites.9,16

The physical and chemical properties of this
extracellular domain—large size, rigidity, and nega-
tive charge—are believed to be responsible for the
ability of MUC1 to maintain lumen integrity in
normal glandular tissues. This is probably due to the
fact that this glycoprotein could counteract the
interaction of much smaller membrane associated
molecules, including adhesion molecules such as b-
integrin and E-cadherin.17 Moreover, in vitro studies
showed that increasing MUC1 expression results in
decreased adhesion between adjacent cells and
between cells and extracellular matrix (ECM).18–20

It also results in contraction of collagen type I matrix
and altered expression of epithelial cytokeratins.21

Therefore, the consistent expression of MUC1 in
invasive micropapillary carcinoma on the stroma-
facing rather than the apical surface of the cells—
independent of the location of the tumor—may be
responsible at least in part, for the detachment of
the cells from the stroma, one of the main
entity-defining features of invasive micropapillary
carcinoma.

Although, increased expression of MUC1 in
conventional carcinoma correlated with low-grade
cytology and good prognosis,22–26 aberrant expres-
sion such as intracytoplasmic localization was
shown by multiple studies to be associated with
poor outcome, independent of tumor differentia-
tion.26–30 Intercellular/circumferential labeling was
associated with a high incidence of lymph node
metastases as well.28 Interestingly, none of these
labeling patterns (intracytoplasmic or intercellular)
is seen in invasive micropapillary carcinoma de-
spite the high propensity of the tumor for lymph
node metastases and its poor prognosis. Our finding
in invasive micropapillary carcinoma, however,
provides further evidence that any aberrant localiza-
tion of MUC1 in the tumor cells (intracytoplasmic,
intercellular, or basal) confers to the tumor a worse
prognosis and possibly a high propensity to dis-
seminate. Whether the basal expression of MUC1
acts as an independent prognostic factor in invasive
micropapillary carcinoma is not clear.

Our findings also confirm the prior impression
that invasive micropapillary carcinoma is character-

ized by an abnormality in cell polarity that occurs in
a fashion that is not seen in conventional carcinoma.
In fact, in invasive micropapillary carcinoma the
surface of the tumor cells that faces the stroma
acquires apical secretory properties. This was
evidenced earlier by electron microscopy2 and in
the current study by immunohistochemical staining
for MUC1. It is noteworthy that colloid (mucinous)
carcinoma of the breast and pancreas are character-
ized by similar findings, that is, a band-like staining
on the surface of the cell clusters for apical
glycoproteins (MUC1 in breast and CEA in pancreas)
and the lack of basement membrane and presence of
microvilli at the basal surface of the cells at the
ultrastructural level.31 A major molecular difference
between invasive micropapillary carcinoma (a tu-
mor with a high propensity for early dissemination)
and colloid carcinoma (a tumor with a much better
prognosis than conventional carcinoma),32–35 how-
ever, is the positivity of the latter for MUC2, the gel-
forming intestinal mucin, and the total lack of
MUC2 expression in invasive micropapillary carci-
noma.34,36,37 It has been postulated that MUC2 plays
a major role in the indolent behavior of colloid
carcinomas mainly by ‘containing’ the tumor cells
and acting as a physical barrier against their
spread.31,38 Therefore, one can speculate that the
reverse polarization in invasive micropapillary
carcinoma coupled with the absence of the gel-
forming mucin MUC2 facilitates the secretion
towards the stroma by the tumor cells of products
responsible for stromal and vascular invasion
namely metalloproteinases permitting ‘easier’ dis-
semination of the neoplastic cell clusters. This may
explain the fact that the morphology of the tumor is
retained in lymphovascular spaces as well as in
lymph nodes and distant metastatic sites. It could
also explain why tumors with this particular
morphology, even when small in size, display a
higher propensity for lymph node metastases.7 Such
hypothesis, however, would not explain the beha-
vior of invasive micropapillary carcinoma arising in
the ovary, in the pathogenesis of which other
mechanisms might be implicated.

It would be interesting to study the behavior and
the expression of MUC1 and MUC2 glycoproteins in
those invasive micropapillary carcinomas that also
have a mucinous component (ie mixed colloid
pattern). One earlier study briefly addressed this
issue showing that tumors of patients with breast
invasive micropapillary carcinoma that were disease
free after a mean follow-up of approximately 5 years
commonly had a colloid pattern.3

In summary, invasive micropapillary carcinoma is
characterized by a reversal of cellular polarization
and expression of MUC1 in the stroma-facing
surface of the cells which may be one of the key
factors in the distinctive morphology of this tumor
type by causing the detachment of the neoplastic
cells from the stroma, enhancing their spread and
leading to early dissemination to lymph nodes.
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