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Abstract
Aims: We hypothesise that similarity of the molecular subtypes of Paget'’s cells to molecular
subtypes of underlying breast carcinomas would put in favour the epidermotropic theory of

Paget’s cells origin.

) { Deleted: the J
Methods and Results: We analysed immunohistochemical gxpression of markers that define -~
particular molecular subtypes of breast carcinomas. The whole analysis was performed by
B { Deleted: in 43 cases of ]
means of tissue microarray jn mammary Paget's disease and in the underlying breast o
carcinoma(s). We found that HER2-overexpression subtype (ER-; HER2+) was a dominant { ]
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HER2+) and luminal A (ER+; HER-) subtypes were identified in 12% and 2% of cases,
respectively. None of the analysed tumours presented basal-like subtype phenotype. Similar
distribution of molecular subtypes was identified in the underlying in situ breast carcinomas
(HER2 subtype, 82%; luminal A, 6%; luminal B, 6%; basal-like, 6% of cases) and in the
invasive component (HER2 subtype, 84%; luminal A, 8%; luminal B, 8%; basal-like, 0% of
cases).

Conclusion: HER2 molecular subtype was a dominant, but not the sole subtype presented by
Paget’s cells of the nipple. Similar distribution of molecular subtypes in Paget’s cells and in

the underlying carcinomas strongly suggest their common origin.
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Introduction

Numerous studies proved that the clinical outcome in the invasive breast carcinomais
significantly associated with its genetic subtype'®. Recently, the distinction of the specific
molecular subtypes was also applied for in situ breast carcinomas’®. The criteria for
molecular classification remained the same as in case of invasive carcinomas. The markers
used for defining molecular subtypes were the following: estrogen receptor (ER), human
epidermal growth factor receptor type 2 (HER2), epidermal growth factor receptor (EGFR)
and cytokeratin 5/6 (CK5/6). This classic panel of molecular profiling markers was proposed
by Nielsen et al. for invasive breast carcinomas'® and later extended to classify carcinomas
in situ. Although numerous studies were performed on the molecular subtypes of breast
carcinoma, mammary Paget’s cells are still a set of specific neoplastic cells that remains to
be defined on the molecular grounds. The association between the lesions located in the
nipple and the underlying breast carcinoma was described originally in 1874 by Sir James
Paget'". Nowadays, the coexistence of parenchymal breast carcinoma is observed in 67%-
100% of patients with Paget’s disease of the nipple'®™. On the other hand, Paget's disease
of the nipple is diagnosed in 0.5%—5% of all breast carcinoma patients'®>'®. The expanding
0ozing and eczematous appearance of the nipple is the most common clinical presentation
of the Paget’s disease of nipple. The diagnosis of the disease is based on the identification of
intraepidermal large, atypical cells with pale cytoplasm and these cells are referred to as ‘the

Paget's cells’®

. They are dispersed among the basal layer but may be also identified in the
upper portions of the epidermis (‘pagetoid spread’). Their origin is not clear. There are two
hypotheses explaining their derivation. ‘Epidermotropic theory’ suggests that they derive from
the underlying breast carcinoma as they migrate along the mammary duct system into the
nipple. The other hypothesis, ‘intraepidermal transformation theory’, states that the Paget’s
cells develop in the epidermis as a result of the morphological (and biological) change of the
epidermal keratinocytes®"®®. The more popular, epidermotropic theory is supported by the

observation of frequent coexistence of the invasive breast carcinoma with Paget’s disease of

the nipple'®?*. On the other hand, the minority of cases without diagnosable breast cancer
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seem to support the intraepidermal transformation theory. However, the inability of detection
of intraparenchymal breast cancer coexisting with the Paget disease may depend from the
insufficient sensitivity of the diagnostic methods'®. The third theory trying to combine both
theories suggests that Paget’s cells may develop on either way depending on the local
circumstances®.

We hypothesise that similarity of the molecular subtypes of Paget’s cells to molecular
subtypes of underlying breast carcinomas would put in favour the epidermotropic theory. Our
analysis of the medical literature concerning Paget disease of the nipple revealed that
Paget’s cells were not specifically classified in terms of molecular subtyping. To the best of
our knowledge there was only one study defining the molecular subtype of breast
carcinomas associated with the Paget’s disease of the nipple®®. However, the authors did not
determine the molecular profile of the Paget’s cells. Therefore, we decided to analyse the
expression of the markers defining molecular subtypes of breast carcinomas: ER, HER2,
EGFR, and CK5/6. The phenotypic profile was established both in the Paget’s cells and in
the underlying breast carcinoma. The molecular subtypes were defined as: luminal A (ER+,
HER2-, EGFR+/-, CK5/6+/-), luminal B (ER+, HER2+, EGFR+/-, CK5/6+/-), HER2 positive
(ER-, HER2+, EGFR+/-, CK5/6+/-), and basal-like (ER-, HER2-, EGFR+ or CK5/6+). Cases
negative for all four analysed markers were referred to as ‘unclassified’. In order to make our
analysis of protein expression in Paget’s cells more complete, we also included progesterone
receptor (PR) and cytokeratin 17 (CK17). The whole analysis was performed by means of
tissue microarray. We tried to determine whether this technique will appear suitable for such
a demanding histologic material as the breast nipple with Paget cells. To the best of our
knowledge, it is the first attempt of using tissue microarray technique for study on Paget

disease of the breast.
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Material and methods
Study design

The search of the database of the Department of Surgical Oncology and the
Department of Pathology, Medical University of Lodz, Poland, identified 44 patients with
Paget’s disease of the nipple who were treated surgically from January 1977 to December
2005. Similarly, we looked for patients with Paget’s disease of the nipple who were
diagnosed in the Department of Neuropathology and Molecular Pathology, Medical
University of Gdansk, Poland, identifying 32 patients in the period from January 1998 to
December 2006. Inclusion criteria for the present study were as follows: (i) histologically
confirmed Paget’s disease of the nipple, (ii) no neoadjuvant chemotherapy applied, (iii) the
amount of biological material from both parenchymal carcinoma and Paget disease was
sufficient for immunohistochemical analysis, (iv) female gender of the patients. Sixty-four
cases fulfilled these inclusion criteria.

The analysis was performed on the tissues obtained from the surgery; they were fixed
in 10% buffered formalin and embedded in the paraffin blocks. For each patient we retrieved
formalin-fixed, paraffin-embedded tissues from the nipple (with Paget’s cells) and/or
underlying parenchymal DCIS and/or underlying invasive carcinoma. From selected tissue
blocks a single section was cut and stained with haematoxylin and eosin. The stained section
was used to assess the quality of tissue material and to determine the site of the punch

biopsy for the microarray study. Due to poor quality of the archival tissue, a number of cases

_ | Deleted: Finally, 57 cases were
P included into the study group.
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disease, 28 cases of DCIS and 15
cases of invasive carcinoma.

Deleted: for 49 cases of Paget’s

Characteristics of study group
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In 13 out of 57 cases the Paget disease of the nipple was the sole manifestation of
the disease (23%). Paget’s disease of the nipple coexisted with an underlying DCIS and
invasive ductal carcinoma in 23 (23/57; 40%) and 14 cases (14/57; 25%), respectively. In 7
patients with Paget disease, simultaneous DCIS and invasive ductal carcinoma were

identified (7/57; 12%). Althogether, DCIS was diagnosed in 28 cases (28/57; 49%). In this 28

DCIS cases, nuclear grade 3 was diagnosed in 22 cases; nuclear grade 2 was diagnosed in

p { Deleted: Altogether, }
6 cases. The presence of necrosis was found in 16 DCIS cases, Altogether, invasive ductal -~ [ Deleted: i ]

carcinoma was diagnosed in 21 cases (21/57; 37%). In these 21 invasive ductal carcinoma
cases, histologic grade of carcinoma was determined by means of Nottingham scale?.

Grade 3 was diagnosed in 16 cases; grade 2 was found in the remaining 5 cases.

Immunohistochemical staining

The sections stained with haematoxylin and eosin (H&E) were used to identify
morphologically representative area of interest within the blocks. The original tissue blocks
formed the “donor” blocks for creating the Tissue Microarray (TMA). The tissue cores were
removed from the “donor” and inserted into a “recipient” paraffin blocks using a Manual
Tissue Arrayer MTA-I (Beecher Instruments) with 0,6 mm diameter needles (punches) and 1
mm space between the cores. From every representative area of interest within the block we
sampled 4 cores. Therefore, we sampled up to 12 cores from one case (4 cores of Paget’s
cells, 4 cores of in situ carcinoma and 4 cores of invasive carcinoma). In total, we made four
TMAs including tissue cores from the study blocks and cores from the control tissues. As the
internal controls we used fragments of the breast carcinomas with known receptor profile
(ER+, PR+, HER2+) and the skin biopsies. Sections from TMA blocks were 4 um thick and
were placed onto the silanised slides (Super Frost). The first slide from each TMAs was
routinely stained with H&E as a control of morphology. The following cuts were used for
immunohistochemical stainings which was performed as follows. After deparaffinization and
rehydration the slides containing TMA sections were rinsed and immersed in Target Retrieval

Solution (pH 6,0; DakoCytomation, Denmark). They were heated for 8 minutes (2 minutes of
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max pressure) in a pressure cooker and then cooled slowly for 30 minutes. For detection of
immunostaining we used Novolink Polymer Detection System (Novocastra Ltd., UK). After
rinsing, the slides were incubated in 3% hydrogen peroxide for 5 minutes to inactivate
endogenous peroxidase activity and were incubated in protein blocking agent for 5 minutes
to stop nonspecific binding of the antibodies. The next step included incubation with the
primary antibodies to ER, PR, EGFR, CK5/6 and CK17 (Table 1). Incubation lasted 90
minutes in the room temperature. Next, the post-primary blocker agent was applied for 30
minutes and then the slides were treated with Polymer, a polyvalent secondary antibody, for
30 minutes. That was followed by incubation with cerium-diaminobenzidine (DAB) solution
for maximum 4 minutes and counterstaining with haematoxylin. The last step included
dehydration and sealing of the slides. Every assay included tissue samples marked as
positive and negative control. For HER2 assessment (Figure 1) we used the HercepTest
(DakoCytomation, Denmark) and the whole test was performed according to the instructions

of the manufacturer.

Evaluation of immunohistochemical staining

Expression of CK 5/6 and CK 17 were considered positive if any degree of
cytoplasmic staining was present in the tumour cells. EGFR were considered positive if any
degree of distinct membranous staining was present. Expression of HER2 was considered
positive, if strong complete membrane staining was identified in at least 30% of Paget’s cells
or breast carcinoma cells. Expression of ER and PR was regarded positive if the nuclear

staining was present in at least 10% of Paget'’s cells or breast carcinoma cells.

Criteria of classification of Paget’s cells and underlying carcinomas to specific
molecular subtypes

The molecular subtypes were defined as: luminal A (ER+, HER2-, EGFR+/-, CK5/6+/-
), luminal B (ER+, HER2+, EGFR+/-, CK5/6+/-), HER2 positive (ER-, HER2+, EGFR+/-,

CK5/6+/-), and basal-like (ER-, HER2-, EGFR+ or CK5/6+). Cases negative for all four

Published on behalf of the British Division of the International Academy of Pathology
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markers were referred to as ‘unclassified’. The distribution of molecular subtypes in Paget’s
cells and in the underlying in situ and invasive breast carcinomas were compared with use of

Fisher exact test with Freeman-Halton correction. P-value <0.05 was considered significant.

Results

Immunohistochemical stainings

_ { Deleted: F }
Due to some loss of studied material during preparation of tissue microarray, fjinal

evaluation of immunochistochemical stainings of Paget’s cells was feasible in 43 to 47 out of
the initial 49 sampled cases depending on the antibody used. Evaluation of
immunochistochemical stainings of DCIS was possible in 18-20 out of 28 initially sampled
cases. Evaluation of immunohistochemical stainings of invasive ductal carcinoma was made
in 12 to 14 out of 15 initially sampled cases. All results of immunohistochemical stainings are

presented in Table 2.

Classification of Paget’s cells and underlying carcinomas to specific molecular
subtypes
Paget’s cells

Complete set of results of stainings (ER, HER2, EGFR, CK5/6) necessary for

classification to specific molecular subtypes was achieved in 43 cases. HER2 subtype (ER-;

HER2+; EGFR+/-;CK5/6+/-) was a dominant molecular subtype of Paget’s cells. The
diagnostic criteria for this subtype were met in 37 out of 43 cases (86%). In 5 out of 43 cases
(12%) the phenotypic profile was indicative of luminal B subtype (ER+; HER2+; EGFR+/-;
CK5/6+/-). One case (1/43; 2%) was classified as luminal A subtype (ER+; HER-; EGFR+/-;
CK5/6+/-). None of the studied cases could be classified as basal-like nor an unclassified

subtype (negative for all four defining markers).

Ductal carcinoma in situ

Published on behalf of the British Division of the International Academy of Pathology
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Complete set of results of stainings necessary for classification of cases to specific

molecular subtypes was achieved in 17 cases. HER2 subtype was a dominant molecular

subtype of ductal carcinoma in situ occurring in 14 out of 17 (82%) cases. Two cases were
classified as luminal subtypes: one (1/17; 6%) was classified as luminal A subtype, the other
(1/17; 6%) was classified as luminal B subtype. One case (1/17; 6%) was classified as basal-

like subtype (ER-; HER-; EGFR+ and or CK5/6+).

Invasive ductal carcinoma

Complete set of results of stainings necessary for classification of cases to specific

molecular subtypes was achieved in 12 cases HER2-overexpression subtype was a

dominant molecular subtype of invasive ductal carcinoma. The criteria for diagnosis of that
subtype were met in 10 out of 12 cases (84%). Two cases were classified as luminal

subtypes: one each (1/12; 8%) was classified as luminal A and luminal B subtype.

Comparison of distributions of molecular subtypes
The distributions of molecular subtypes in Paget’s cells, in the underlying in situ and
invasive breast carcinomas were similar (Fisher exact test with Freeman-Halton correction,

P=0.93).

Discussion

Paget’s cells of the nipple presented predominantly with HER2 molecular subtype.
This subtype was identified in 86% of cases. However, the molecular profiles of studied
cases were not homogenous in this respect. Luminal B (in 12% of cases) and luminal A (in
2% of cases) were also identified, albeit rarely, and neither basal-like molecular subtype nor
unclassified cases were diagnosed. Interestingly, the distribution of molecular subtypes in
Paget’s cells was very similar to those presented by the underlying in situ and invasive
breast carcinomas. In studied groups of carcinoma cells, HER2-positive subtype was a

dominant one (86%, 82% and 84% of cases, respectively). Luminal A subtype was
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Histopathology

diagnosed in 2%, 6% and 7% of cases, respectively. Luminal B subtype was diagnosed in
12%, 6% and 7% of cases, respectively. Basal-like subtype was diagnosed in only one case
(6%) of underlying in situ carcinoma. Very similar distribution of molecular subtypes in
Paget’s cells and in the underlying in situ and invasive breast carcinomas strongly support
common origin of Paget’s disease and coexisting invasive and in situ carcinomas. This
indicates that Paget’s cells are epidermotropic cellular counterpart of parenchymal
malignancy. There is a small portion of cases that show discrepant phenotype, that may
support independent origin of Paget’s disease from underlying breast carcinoma. This
observation is supported by another analytical approach. The molecular study of matched
mammary Paget’s disease and underlying breast carcinoma using loss of heterozygosity and
mitochondrial DNA displacement loop sequence analysis revealed differences of molecular
alterations in two out of 10 analysed pairs®.

Molecular subtypes in the breast carcinoma were distinguished basing on genomic
profiling of mMRNA expression, whereas our methodology relies on the identification of protein
expression within the tumour cells. We found that the dominant immunchistochemical profile
of Paget’s cells was characterised by HER2 overexpression and lack of expression of ER,
PR, EGFR, CK5/6 and CK17. Overexpression of HER2 in Paget’s cells has been already
reported in other studies that showed its frequency exceeding 80%2%%2. In our study, the
percentage of cases with overexpression of HER2 in Paget’s cells was even higher and
amounted to the level of 96%. In this respect, our results are concordant with those of other
authors. Expression of steroid receptors (ER, PR) and EGFR in our study was also similar to
results reported by other authors. The expression of ER in Paget’s cells was described in 10-
28.6% of studied cases®***?*, and the expression of PR was described in 0-28.6%°*%%. We
have identified the frequency of these receptors in 14% and 7% of cases of Paget disease,
respectively. EGFR expression in Paget’s cells was studied by Schelfhout et al.®' and
revealed in 13% of cases. This generally remains in the similar rank in our study (9%). We
did not find the results of any analysis of basal cytokeratin expression in the mammary

|.26

Paget’s cells. Strangely enough, Lester et al.“” who made such immunostainings did not

10
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present them in their manuscript. Therefore, we were not able to compare our results with
those of others.

There is only one report concerning the molecular subtypes of underlying breast
carcinomas in patients with Paget’s disease of the nipple as defined by protein expression.
Lester et al.?® performed an extensive study of expression of ER, PR, HER2, EGFR,
androgen receptor and five types of cytokeratins (CK5/6, CK14, CK17, CK8, CK18). The
study was performed in the group of 28 cases (DCIS, 18 cases; invasive carcinoma, 10
cases). They found that in patients with Paget’s disease of the nipple, distribution of the
molecular profile of underlying DCIS is significantly different from that of invasive
carcinomas. In 88% of underlying DCIS HER2 subtype was identified, whereas only 40% of
underlying invasive carcinomas presented that profile. Luminal B subtype constituted 6% of
DCIS cases and 30% of invasive carcinoma cases in that study. Lester et al. concluded that
different molecular subtypes of parenchymal breast carcinomas were most predictive of
mammary Paget’s disease. Our observations are similar to that by Lester et al. in regard to
the molecular profile of DCIS underlying Paget’s disease of the nipple. We found that 82% of
underlying DCIS belonged to the HER2 subtype whereas other molecular subtypes (luminal
A, luminal B and basal-like) were uncommon (6% of cases). However, we found the
molecular subtype of the underlying invasive carcinoma similar to that of DCIS coexisting
with Paget’s disease. In fact, in both studies the common feature was high frequency of
HER2 overexpression as determined by immunohistochemistry in DCIS and invasive
carcinoma. The discrepancy in molecular profile of these lesions between these studies
stems in vast extent from the difference in estrogen receptor expression in the invasive
carcinoma component. As the phenotypic profile (ER/EGFR/HER2/CK) identified by
immunohistochemistry is ‘translated’ into molecularly-based classification, expression of
HER2 and ER are basic determinants of designation a specific tumour into one of three
subtypes: luminal A (ER+, HER2-), luminal B (ER+, HER2+) or HER2-positive (ER-, HER2+).
In the study by Lester et al., ER-positivity was found in 30% of invasive carcinomas whereas

in our study only 14% of cases expressed ER. The frequency of HER2 expression in both

11

Published on behalf of the British Division of the International Academy of Pathology



Histopathology Page 12 of 22

_ | Deleted: , respectively, and this
added less to the discrepant results

Paget’s disease and underlying invasive carcinoma is low number of analysed cases (10 and
12). As the criteria of assessment of ER and HER2 expression are identical in our study and
that by Lester et al., we suspect that this discrepancy in results have incidental character.
These results should be verified on the larger group of cases with invasive breast
carcinomas coexisting with Paget’s disease of the nipple.

Other authors who undertook immunohistochemical studies on Paget’s cells of the
nipple, generally analysed smaller number of cases (from 5 to 30) than we did?*?*32, We
performed our study in almost fifty cases. This number is similar to number of cases
analysed by Liegl et al.*3, however, they confined their analysis to Paget’s cells whereas we
also studied underlying carcinomas. Although other authors studied the expression of ER,
PR, EGFR and HER2 in their studies, the panel of molecular subtype defining markers: ER,
HER2, EGFR and CK5/6 was not used in studies of Paget'’s cells of the nipple. To study the
expression of proteins in Paget’s cells we chose tissue microarray analysis (TMA). The TMA
technique has high (90-98%) concordance with the results of classic
immunohistochemistry®*®. During the construction of the TMAs we took four cores from

each selected portion of the tumour tissue and used 0,6 mm punches. According to several

~ { Deleted: “** ]
authors three cores per sample are fully representative of the whole tumour®*¥"%%, Taking -~
into account random localization and scarcity of Paget’s cells in the epidermis we decided to

{ Deleted: biopsies ]
perform four cores from each case. Likewise, we considered using larger size of punches -~
(1.5 mm), but as described by Kallioniemi et al. multiple 0.6 mm cores are sulfficient to

~ { Deleted: tissue*® ]

difficulties which could be encountered during construction of TMA in such a peculiar
material as that occurring in Paget’s disease. Indeed, precise sampling of clusters of Paget’s
cells from nipple epidermis was a difficult part of our study. However, despite difficulties, we
were able to study expression of all the analysed proteins in 43 to 47 out of 49 initially
sampled cases. Surprisingly, the major problems were encountered when foci of DCIS were

sampled. It appeared that a substantial number of DCIS foci were too small to obtain the

12
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meaningful material for TMA. This was the reason of relatively inadequate gain of
appreciable DCIS cases for immunohistochemical analysis. In our opinion we proved that
technique of tissue microarrays can be efficiently used for study of Paget’s disease, however
some loss of studied material seems to be inevitable. Fortunately, in each of almost fifty
sampled cases, the number of Paget’s cells in specimens was sufficient to use proposed
thresholds of positive cells criteria for evaluation of ER, PR and HER2. This aspect is very
important in our study, because we were able to use the same criteria for evaluation of
Paget’s cells as those for underlying in situ breast carcinoma and invasive carcinoma. In
consequence, we could make direct comparisons of protein expression and distribution of
molecular subtypes between Paget’s cells and breast carcinomas. For the remaining proteins
the criteria of positivity were less demanding, as any degree of immunoreactivity was
regarded as positive in regard to basal cytokeratins (CK5/6 and CK17) and EGFR. These
criteria were shared by other authors”®'°, Although a single cell with cytoplasmic staining
was sufficient for diagnosis of cytokeratine-positive case, we found only one such case in the
whole series. We found only one CK5/6-positive case of DCIS. There was no CK17-positive
cases. However, we are convinced about good quality of our IHC staining as CK5/6 (Figure
2) and CK17 were demonstrated in the cells of the nipple epidermis.

In conclusion, our study revealed that HER2-positive molecular subtype was a
dominant, but not the sole subtype of Paget’s cells of the nipple. The distribution of molecular
subtypes in Paget’s cells was very similar to distribution of molecular subtypes of underlying
in situ and invasive breast carcinomas. Similar distribution of molecular subtypes in Paget’s
cells and in underlying in situ and invasive breast carcinomas strongly suggest common

origin of Paget’s cells and underlying carcinomas.
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Table 1. Antibodies used for immunoassays

Antibody Source Dilution Positive control
Anti - estrogen DakoCytomation 1:100 Estrogen receptor
receptor (mouse) (Denmark) positive breast
clone 1D5 carcinoma
Anti — progesterone DakoCytomation, 1:100 Progesterone
receptor (mouse) (Denmark) receptor positive
clone PgR 636 breast carcinoma
Anti - epidermal Novocastra 1:20 Skin

growth factor receptor (United Kingdom)

(mouse)

clone EGFR.113

Cytokeratin 5/6 DakoCytomation 1:50 Skin

(mouse) (Denmark)

clone D5/16B4

Cytokeratin 17 DakoCytomation 1:80 Skin
(mouse) (Denmark)
clone E3
Human Epidermal DakoCytomation Solution Human epidermal
Growth Factor (Denmark) prepared by growth factor
Receptor 2 (rabbit) manufacturer receptor 2 - positive
HercepTest breast carcinoma
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Number of cases with staining / number of finally evaluated

cases (%)

Paget’s cells in

nipple epidermis

Underlying in situ

breast carcinoma

Underlying
invasive breast

carcinoma

Estrogen receptor

6/43 (14%)

2/18 (11%)

2/14 (14%)

Progesterone receptor

3/44 (7%)

1/20 (5%)

1/13 (8%)

Human epidermal growth

factor receptor 2

45/47 (96%)

18/20 (90%)

13/14 (93%)

Epidermal growth factor

receptor

4/45 (9%)

3/18 (17%)

3/13 (23%)

Cytokeratin 5/6

1/46 (2%)

0/19 (0%)

0/12 (0%)

Cytokeratin 17

0/44 (0%)

0/19 (0%)

0/12 (0%)

/
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Figure 1. Overexpression of HER2 protein in Paget’s cells in nipple epidermis. Magnification x200
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Figure 2. Lack of expression of cytokeratin 5/6 in Paget
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