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Summary

Despite the marked improvement in the understandirmgolecular mechanisms and classification
of apocrine carcinoma, little is known about itsegfic molecular genetic alterations and
potentially targetable biomarkers. In this studg @xplored immunohistochemical and molecular
genetic characteristics of 37 invasive apocrinecinamas using immunohistochemistry (IHC),
fluorescent in situ hybridization (FISH), multiplégation-dependent probe amplification (MLPA),
and next-generation sequencing (NGS) assays. IM&aked frequent E-cadherin expression (89%),
moderate (16%) proliferation activity [Ki-67, phdgphistone H3], infrequent (~10%) expression of
basal cell markers [CK5/6, CK14, p63, caveolindbgs of PTEN (83%), and overexpression of
HER2 (32%), EGFR (41%), cyclin D1 (50%), and MU@88%). MLPA assay revealed gene copy
gains of MYC, CCND1, ZNF703, CDH1, and TRAF4 in 508t greater of the apocrine
carcinomas, whereas gene copy losses frequentgtalf BRCA2 (75%), ADAM9 (54%), and
BRCAL (46%). HER2 gain, detected by MLPA in 38%tlué cases, was in excellent concordance
with HER2 results obtained by IHC/FISK € 0.915, P < .001). TOP2A gain was observed in one
case, while five cases (21%) exhibited TOP2A lddssupervised hierarchical cluster analysis
revealed two distinct clusters: HER2-positive andR2-negative (P = .03 and .04, respectively).
NGS assay revealed mutations of the TP53 (2 of9%p)2 BRAF/KRAS (2 of 7, 29%), and
PIBKCA/PTEN genes (7 of 7, 100%). We conclude thagrphologically defined apocrine
carcinomas exhibit complex molecular genetic altens that are consistent with the “luminal-
complex” phenotype. Some of the identified molectdagets are promising biomarkers; however,
functional studies are needed to prove these chtens.
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1. Introduction

Apocrine carcinoma of the breast is a rare, spekisiologic subtype of breast carcinoma
constituting approximately 1% of all mammary caccivas®. In routine work, they are diagnosed
by pathologists using standard hematoxylin and redsi&E) staining because of the peculiar
cytological features: cells with abundant eosinbprand granular cytoplasm, large nuclei with
prominent nucleoli, and visible cell membraheThese carcinomas are characterized by distinct
immunohistochemical (IHC) steroid receptor profiléestrogen receptor [ER]-negative,
progesterone receptor [PR]-negative, and androgeaptor [AR]—positive) associated with a
frequent overexpression of HER2 However, although ER, PR, and HER2 are mandatory
prognostic/predictive factors and thus are perfarnre all tumors, the AR is not yet a marker
required by the oncologists in routine practicej #me definition of an apocrine tumor is generally
confined to the H&E cytological aspect togetherhviiie ER negativity.

On the other hand, many works have focused onrtiwetular apocrine (MA) subtypé”® > ¢ 7
and®. Recently, Lehmann-Che et%have described the morphological and immunohistottal
features of a series of MA-defined tumors. From histological point of view, the retrospective
analysis described them all as invasive ductal imancas, but only 7% presented with
morphological apocrine features. From the IHC pointiew, the signature “HER2 score 3+ or the
expression of the 15-kDa gross cystic disease ghytein (GCDFP-15 had a sensitivity and a
specificity for MA tumors of 94% and 100%, respeely °.

The frequency and the significance of apocrinesdéhtiation in carcinomas of the breast are
uncertain because of the lack of reliable and mycible criteria for morphological diagnosis
Despite the marked improvement in the understanalimgolecular mechanisms and classification
of breast cancer, little is known about specifidecalar genetic alterations and potentially
targetable biomarkers in apocrine carcinomds'® and*".

In this study, we performed an extensive IHC andiewdar profiling analysis on a subset of
invasive apocrine carcinomas of the breast as elgtiry the standard H&E histopathological
criteria to evaluate the correspondance with tleeifip immunophenotype and to identify the most
common molecular genetic alterations.

2. Materials and methods

2.1. Patientsand tumor samples

Consecutive cases of breast cancers with a disgpbsivasive apocrine carcinoma were retrieved
from the pathology file of the Azienda Ospedali€itia della Salute e della Scienza of Turin, Italy.
Clinicopathologic characteristics of the cohort &vepllected from the pathology database and are
summarized in Table 1. A local ethical committe@raped the study. Informed consents were
available and signed by all patients whose tumanpdas were sequenced; as at our institution,
written informed consent was obtained from patieotsuse both residual fresh neoplastic and
archival tissues? All cases were reviewed, and the apocrine cytpfmuogy* was confirmed
(S.V., Z.G., and A.S.). Forty-five formalin-fixecapaffin-embedded (FFPE) blocks were retrieved
from the archive, of which 37 samples fulfilled theteria for apocrine differentiation and had
enough tissue for immunohistochemical and molequiafiling.

2.2. Tissue microarray construction



A tissue microarray (TMA) was constructed from #ePE tissue blocks using the Galileo TMA
CK 3500 (Integrated Systems Engineering Srl, Milkaly). Briefly, 3 replicate cores (1 mm in
diameter) of primary apocrine carcinomas and obénal breast tissue samples were included. A
pathologist selected representative H&E areas.

2.3. Immunohistochemistry

The primary antibodies, manufacturers, clonestidiis, antigen retrieval, and scoring systeénm®

15, 16,17, 18 191nd ?° details are outlined in Table 2. ImmunohistochémigIHC) assays were
performed using the ultraView Universal DAB DeteatiKit and on the BenchMarck XT and
BenchMarck ULTRA (Roche/Ventana, Oro Valley, AZstruments. Positive and negative controls
for each marker were included in each immunohistoubal run.

2.4. Fluorescencein situ hybridization assay

Fluorescence in situ hybridization (FISH) assay pe$ormed on borderline cases (score 2+) using
the HER2/CEP17 probe (Vysis Inc, Downers Grovéndis, USA) as previously describéd The
analysis was performed by selection and automatgdisition of representative areas using the
Metafer Scanning System (Carl Zeiss MetaSystems H;nBaden-Wuttenberg, Germany) and
Axiolmager epifluorescence microscope. PathVysidh séftware was used to analyze the data,
whereas selected cases were also counted manGabgs were scored according to the recently
updated American Society of Clinical Oncology/Cg#eof American Pathologists (ASCO/CAP)
guidelines™.

2.5. Multiplex ligation-dependent probe amplification assay

For multiplex ligation-dependent probe amplificatiOMLPA) analysis, cases had to fulfill the
following criteria: (a) minimal/no necrosis; (b) minal/absent in situ component; (c) high tumor
cellularity ¢70%). One or two 4dn-thick FFPE sections were dewaxed and microdisdect
manually to select invasive tumor areas. As a esleg DNA, we used normal breast tissue. In each
experiment, at least 3 reference samples were tosedable data normalization. Purified genomic
DNA (50-200 ng) (Invitrogen PureLink Genomic DNA teaction kit) was used following
manufacturer's instructions. Samples were testéd two probemixes: PO04-C1 ERBB2 (22 genes
on chromosome 17, ESR1, EGFR, and BRCA2) and PQ7B+€ast Tumour kit (22 genes located
at 8 different chromosomes) (MRC-Holland, Amsterdatetherlands) ( Supplementary Table 1
and Supplementary Table 2). MLPA reactions werdopered on PTC-100 MJ Research thermal
cycler (MJ Research BIORAD). Polymerase chain reacproducts were separated on an ABI
3130 capillary sequencer (Applied Biosystems), eesiilts were analyzed using the GeneMapper
(Applied Biosystems) and Coffalyser (Version: v.1308.0327, MRC-Holland) software. Genes
tested by multiple probes were reported as a mehre\[23] ( Supplementary Table 2). Values
between 0.7 and 1.5 were considered normal, vadésssthan 0.7 as loss, greater than 1.5 as gain,
and greater than 2 as an amplificatfon



2.6. Next-gener ation sequencing assay

Direct sequence analysis (Caris Life Sciences, RkpArizona) was performed on genomic DNA
isolated from FFPE samples of 8 apocrine carcinofath€€R-/PR-/AR+/GCDFP-15+) using the
lllumina MiSeq platform (samples of the patientatthigned informed consent). Specific regions of
the genome were amplified using the lllumina TruBewplicon Cancer Hotspot panel. All variants
reported here are detected with >99% confidencedbas the frequency of the mutation present
and the amplicon coverage. The sequencing inclddegenes (Supplementary Table 1).

2.7. Statigtical analysis

The 42 test/Fisher exact tests were used for comparisbrtse variables and groups. Spearman
correlation rank was applied for the correlatiotimen the variables. Thestatistics was used to
compare the HER2 results obtained by IHC/FISH and®M These analyses were carried out
using the Statistical Package for the Social Saswersion 19.0 (SPSS, Chicago, IL, USA).

For MLPA results, unsupervised hierarchical clustealysis (Euclidean distance, average linkage
analysis) was performed using open-source R staissoftware (http://www.r-project.org). To
assess the uncertainty in hierarchical clusteryaigalve used the pvclust package as is implemented
in R. For each cluster in hierarchical clusteriRgyalues were calculated via multiscale bootstrap
resampling.

3. Reaults

3.1. Hormonereceptor profile

Results of the immunohistochemical tests of morpgicklly diagnosed apocrine carcinoma are
summarized in Table 3 and Fig. 1A-L. By using tkerad receptor profile, 27 cases (73%) were
ER-/PR-/AR+ (Fig. 1B and C). Only one case was tnegéor the three markers (2.7%). Six cases
(16%) were ER+/AR+, of these 1 case was also PRre€lother cases (8%) were ER+/PR—-/AR-.
All but 1 case (96%) with the ER-/PR-/AR+ immunopbgype exhibited GCDFP-15 expression
(Fig. 1D). In contrast, only 5 (55.6%) of 9 testedses with diverse steroid receptor profile
expressed GCDFP-15 (P =.012).

HER2 overexpression score 3+ and score 2+ (FISHif@d) was observed in 32.4% of cases
(11/34) (Fig. 1F). Of these, 63.3% were ER-/PR-/ARd 75% were GCDFP-15+ as well. So, at
the end, we could identify IHC-apocrine tumors (BRR—/AR+ and GCDFP-15+ and/or HER2+)

in 100% of cases, whereas the remaining casesomérdi&E-apocrine tumors.

3.2. Comparison of IHC-apocrine and H& E-apocrine car cinoma immunopr ofile

On a total of 35 cases evaluated for E-cadherinst& cases of IHC-apocrine and 2 H&E-apocrine
cases were negative (11.4%).

The mean Topaz overexpression was 13% (range, 1%-50%), withayrificant differences (P =
.68) between the two subgroups. Topa2atus correlated with Ki-67 (P = .005, rs = 0)48fd
PPH3 expression (P = .038, rs = 0.362). The mea@7Kpositivity was 16% (range, 1%-40%).



EGFR protein was overexpressed (score 2+/3+) exelysn 14 cases (56%) of IHC-apocrine and
none of H&E-apocrine cases (P = .004).

MUC-1 was overexpressed in 88.2% of cases with demade to strong intensity at the membrane
and within the cytoplasm (score 2+/3+) (Fig. 1H)o Nignificant differences were observed
between the two subgroups (P = .65). A strong pesdssociation was observed between HER2
and MUC-1 expression (P = .002), whereas a tremdhr positive correlation was found with
Topoz expression (P =.086).

Regarding basal markers expression, CK14 was nex@messed, p63 was rarely expressed, and
CK5/6 was expressed only in 4 high-grade IHC-apecgases (P = .026) ( Fig. 11 and J). No
significant differences were observed between IGeane and H&E-apocrine tumors considering
each of the three proliferation markers. Ki-67 shdwa wide range (1%-40%; mean, 16%) of
proliferative activity ( Fig. 1K). Considering 14%s the cutoff point of proliferative activity, 70%
of the H&E-apocrine cases showed high proliferatiate. PPH3, a marker of mitotic activity,
correlated with Ki-67 expression (P = .003, rs 470Q). No significant association was found
between cyclin D1 expression and the other twaoiferation markers.

Overexpression of p53 protein was observed in 1B3fcases, without significant difference
between the two subgroups (P = .21).

In 29 (82.9%) of 35 PTEN, protein expression wasgietely lost (Fig. 1L) including the cases
with confirmed PTEN gene mutation.

3.3. Comparison of HER2 immunohistochemical/FISH results and MLPA assay
results

Of 26 tested cases, 24 had interpretable resutis Zf: A good concordance was obtained between
the ERBB2 status by MLPA and the results by IHC BIfH in all but 1 casec(= 0.915, P <.001).
This case exhibited ERBB2 gain by MLPA (average3lahd a monosomic pattern (HER2 gene,
1.4; CEP17, 1.3) by FISH. Gain of the GRB7, a gefthin the HER2 amplicon, was seen in all
ERBB2-positive cases. Gain of other genes alonglinemosome 17q region coexisted frequently
(IKZF3 [77.8%], NEUROD2 and CDC6 [66.6%], MED1 [B686], and RARA [44.4%]). On the
opposite, only 1 case with ERBB2 gain showed TOBaA (11.1%), whereas another case with
ERBB2 gain exhibited TOP2A loss. TOP2A loss wa® abserved in 4 additional cases (total
number of cases with TOP2 deletion = 5). A trendaa significant positive correlation was
observed between TOP2A status and Togadtein expression (P =.073, rs = 0.399).

None of the tumors exhibited CDH1 gene (encodingpéherin) loss, whereas a gain of exon 1 was
observed in 13 (54%) of 24 cases. Gain of both ek@nd 9 was seen in 2 cases. Two cases
negative for E-cadherin showed CDH1 gain as well.

One case (score 3+ by IHC) showed gain of EGFR ¢ea%) and 2 cases with EGFR loss had
score 0 by IHC (P =.082). A loss of EGFR exon 2 whserved in 11 additional cases without loss
in the 3 other exons (exons 8, 23, and 25). Thifethese cases were further tested by next-
generation sequencing (NGS) that revealed no EGHIR giutations.



Unsupervised hierarchical cluster analysis revesl@ddistinct clusters: HER2-positive and HER2-
negative (P = .03 and .04, respectively). In addijtifour small subclusters (A1/A2, B1/B2),
deriving from loss or gain of genes in both 17p d7@ chromosome regions, were identified
within the 2 main clusters ( Fig. 3).

Some of the most commonly altered genes (MYC, CCNBNF703, BRCA1, BRCA2, and
ADAMO9) in tissue samples were distributed alongdilisters and appeared to be a more general
feature of the apocrine carcinomas ( Fig. 2; Supplgary Fig. 1). Similarly, we also observed
frequent alterations in some reference genes that wonsistent along the clusters (CASP1, POR,
TGIF, and SNCA).

3.4. NGS assay results

NGS assay was successful in 7 of 8 tested apocairmenomas. Mutations were found in 5 (11.4%)
of 44 tested genes including PTEN (3/7), PIK3CA7J2TP53 (2/7), KRAS (1/7), and BRAF (1/7)
( Table 4). Cases 3 and 5 harbored mutations oh BRIK3CA/KRAS and PTEN/TP5S,
respectively, while case 7 had 2 PTEN gene mutsitiat 16% for both). Case 6 harbored a
frameshift PTEN gene mutation that is frequentlgrsén patients with Cowden syndrome. In
addition, four cases (cases 1-4) that harbored dlitiang mutations exhibited low levels of PTEN
and/or PIK3CA gene mutations (all present at <5%).

4. Discussion

In the present study we demonstrated that the ayfoinological appearance of apocrine
differentiation in a breast tumor does not alwaysrrespond to a classical apocrine
immunophenotype reported in the literature as $ipeftr apocrine tumors [1] and [11]. In fact,
only 73% of these carcinomas fulfill the immunob@temical criteria of true apocrine breast
tumors (ie, ER-/PR-/AR+/) [1]. However, when GCDEP-and HER2 were added, we increased
the sensitivity to 100%. On the other hand, with #éxception of basal markers such as EGFR and
CK5/6 observed in a small subset of IHC-apocrinadts, all the other markers were similarly
expressed in both IHC-apocrine and H&E-apocrineinamas [previous studies that explored the
expression of basal markers in apocrine carcinamasaiewed in Supplementary Table 3].

In analogy to IHC, no significant differences inngecopy number changes were observed by
MLPA between the two subgroups. Until recently,yottie histological features were used by
pathologists to diagnose an apocrine tumor. TandeflA carcinomas, Lehmann-Che et al recently
proposed a transcriptional and IHC approach. Theggssted that HER2 and GCDFP-15 [HC
expression is specific and sensitive enough teewdifftiate MA carcinomas from molecular basal-
like carcinomas. However, both HER2 and GCDFP-15 were not exptess¢he totality of MA
carcinomas. Similarly, FOXA1 expression was present in mogt barcinomas, but it may not be
considered a good marker to differentiate apodumeors from other ER-positive tumors, because
it is a transcription factor related to steroidagiors™.



In our cohort, we observed a common MUC-1 expresagsociated with HER2, which was either
overexpressed or amplified in about 30% of the £ab#JC-1 has been frequently described in
breast cancer including subsets of HER2+ and triplgative (TN) case&® and ?. MUC-1
expression has been linked to trastuzumab resestdrowever, targeting of MUC-1 may down-
regulate HER?2 activation and overcome the resistambreast cancer cefld Thus, our study may
suggest that testing MUC-1 by IHC in apocrine HER2#cinomas may be a valid option to better
predict response to targeted therapy. Cluster aisabf the MLPA data revealed HER2 as a key
discriminator along with GRB7 (HER2 amplicon) antther genes in the 17q12-21 region. Also,
HER2+ cluster was associated with higher proliferatactivity, which may indicate a more
aggressive clinical behavior. In contrast, HERZiplg negative) apocrine cluster was associated
with EGFR expression and lower proliferation asvyesly confirmed in both apocrine and
nonapocrine mammary carcinontasind?®,

MLPA assay revealed extensive gene copy numberggsam apocrine tumors, many of which
have not been previously described in this car@encurrent amplification of ERBB2 and TOP2A
has been frequently described in breast caficdhe present results showed instead that apocrine
carcinomas tend to harbor TOP2A loss, which mayescenthracycline resistanéé We observed
also a frequent BRCA2 loss. This alteration hasessociated with ER+ (luminal) phenotye
Previous studies defined a genetic profile of “lnaticomplex” tumors that characterizes subsets of
BRCAZ2-related, luminal A and luminal B tumot’s This profile includes alterations at 8p, 8q, 114,
13qg, and 17g. Some of these alterations (eg, ZNERRASADAM9 [8p], MYC [8q], CCND1 [11q],
BRCAZ2 [13q], ERBB2 [17q]) are present in apocrinenbrs. A gain of ZNF703 was particularly
common. ZNF703 is a recently described oncogenegifsp for luminal B tumors, involved in
mammary epithelium differentiatiof’. In contrast to previous reports, in apocrine tespave
found a loss of ADAM9 with only one case harbor&igAM9 gain **,

In our study, apocrine tumors frequently exhibitedain of CDH1 gene affecting predominantly
the exon 1. This observation was previously repotig Lacle et al in breast canc& Two
apocrine cases that were negative for E-cadhemnvesth neither loss of CDH1 (by MLPA) or
CDH1 mutations (by NGS), which may indicate alt¢éinemechanisms of the CDHL1 silencing in
apocrine tumors.

Mutational analysis revealed mutations within thE@R signaling pathway including PIK3CA and
PTEN genes (followed by the loss of PTEN proteipression). PI3KCA mutations are typically
associated with ER+ and HER2+ breast cancers (COSBdcessed: August 19, 2014), whereas
PTEN aberrations usually affect ER- breast tum&&3CA mutations have been previously
described in a small series of benign and maligagotrine lesions [1], whereas germline PTEN
mutations have been described in patients with @ovayndrome [OMIM #158350] that are prone
to develop breast cancer with apocrine differelmtatDespite the limited number of tested cases,
PIK3CA/PTEN alterations in apocrine tumors may leevant for targeted therapy using
PIK3CA/mTOR inhibitors. A subset of apocrine tumaiso harbored KRAS and BRAF gene
7



mutations. Both genes are infrequently mutated-@ast cancer, although 2 recent studies indicated
that a subset of TN and HER2-positive breast camas might harbor these genetic alteratitns
and*®. TP53 mutations and p53 expression in apocrine@tsmare in line with previous datand’.

We conclude that apocrine carcinomas as definethdmphology identify a group of tumors that
may express different markers predictive of respaiostargeted therapies. Biological studies are
needed to prove these alterations as functional{hgumolecular results we obtained confirm that
apocrine carcinomas diagnosed by standard H&Euaners that exhibit complex molecular genetic
alterations characteristic for luminal-complex pbigpe.
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Tablesand Figures
Table 1.

Clinicopathologic characteristics of the apocrine cohort

Table 1.

Clinicopathologic characteristics of the apocrine cohort
Characteristic,Frequency (%)
Gradea,1,0 (0)

2,21 (56.8)

3,16 (43.2)

pT,1 (&%022 cm),20 (54)
2 (2-5cm),13 (35.1)

3 (>5cm),2 (5.4)

4,1 (2.7)

Unknown,1 (2.7)
pN,0,18 (48.6)

1a,12 (32.4)

2a,3

(8.1)

3a,2

(5.4)

Unknown,2 (5.4)
Surgery,Mastectomy,20 (54)
Quadrantectomy, 13 (35)
Lumpectomy,4 (11)

Table 2. Antibodies for TMA IHC study and score for assessing positive results

Table 1.

Clinicopathologic characteristics of the apocrine cohort
Characteristic,Frequency (%)
Gradea,1,0 (0)

2,21 (56.8)

3,16 (43.2)

pT,1 (&%022 cm),20 (54)
2 (2-5cm),13 (35.1)
3(>5cm),2 (5.4)

4,1 (2.7)

Unknown,1 (2.7)
pN,0,18 (48.6)

1a,12 (32.4)

2a,3

(8.1)

3a,2

(5.4)

Unknown,2 (5.4)
Surgery,Mastectomy,20 (54)
Quadrantectomy, 13 (35)
Lumpectomy,4 (11)
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Table 3. Results of the immunohistochemical profiling of apocrine carcinoma of the breast

Table 3.

Results of the immunohistochemical profiling of apocrine carcinoma of the
breast
IHC marker(expression),IHC-apocrine(n = 27),H&E-apocrine (n = 10),Total(N = 37),P
E-cadherin,+,23 (92%),8 (80%),31 (88.6%),.56
a”,2 (8%),2 (20%),4 (11.4%)
HER2,+,7 (29.2%),4 (40%),11 (32.4%),.31
a”,17 (70.8%),6 (60%),23 (70.3%)
Topo2i+,<13%a,17 (62.9%),6 (75%),23 (65.7%),.68
>13%,10 (37.1%),2 (25%),12 (34.3%)
EGFR,2+/3+,14 (56%),0 (0%),14 (41.2%),.004
0/1+,11 (44%),9 (100%),20 (58.8%)
MUC-1,0/1+,3 (12%),1 (11.1%),4 (11.8%),.65
2+/3+,22 (88%),8 (88.9%),30 (88.2%)
CK5/6,+,4 (16%),0 (0%),4 (11.4%),.026
a”,21 (84%),10 (100%),31 (88.6%)
CK14,+,0 (0%),0 (0%),0 (0%),NA
47,25 (100%),10 (100%),35 (100%)
p63,+,1 (4%),1 (10%),2 (5.7%),.49
47,24 (96%),9 (90%),33
(94.3%)
Cav-1,+,2 (8%),0 (0%),2 (5.9%),1.0
47,23 (92%),9 (100%),32 (94.1%)
Ki-67,<20%,14 (56%),6 (60%),20
(57%),.56
8%0¥20%,11 (42%),4 (40%),15 (43%)
PHH3,<2%,17 (68%),5 (50%),22 (62.9%),.41
2%-5%,7 (28%),5 (50%),12 (34.3%)
>5%,1 (4%),0 (0%),1 (2.8%)
Cyclin D1,Low,14 (56%),3 (33.3%),17 (50%),.44
High,11 (44%),6 (66.7%),17 (50%)
p53,>10%,10 (41.7%),1 (11.1%),11 (33.3%),.21
<10%,14 (58.3%),8 (88.9%),22 (66.7%)
PTEN,+,3 (12%),3 (0%),6 (17.1%),.50
47,22 (88%),7 (100%),29 (82.9%)
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Table 4. Results of the next-generation sequencing analysis performed on apocrine carcinomas of the
breast

Table 4.

Results of the next-generation sequencing analysis performed on apocrine carcinomas of the breast
Apocrine carcinoma,HER?2 status,Mutation,Additional alterations (low level
mutations)

Case 1,Not amplified,BRAF (D594G),PIK3CA (L100F)PTEN (S287L)
Case 2,Gain (MLPA),PIK3CA (H1047R),PTEN

(D19G)

Case 3,Not amplified, KRAS (G12D)PIK3CA (E542K),PTEN (P213L)
Case 4,Not amplified, TP53 (R175H),PIK3CA

(R555G)

Case 5,Not amplified,PTEN (P213L)TP53

(C141Y),a€"

Case 6,Amplified (FISH),PTEN(frameshift mutation),&€"

Case 7,Not amplified, PTEN (P248 V249del) PTEN
(Q214X),a€"
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Fig. 1. A comprehensive immunohistochemical survey of a case of invasive apocrine carcinoma (A, 20x)
showing a characteristic steroid receptor profile: ER-negative (B) and AR-positive (C); positivity for
GCDFP-15 (D) and E-cadherin (E); overexpression of HER2 (F); moderate positivity for Topo2a (G); strong
expression of MUC-1 (H); the lack of expression for basal markers: CK5/6 (I) and Cav-1 (J); moderate
expression of Ki-67 (K), and loss of PTEN protein (L) (all at 10x).
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Fig. 2.

Numerous gene copy number changes detected by MLPA in 24 apocrine carcinomas of the breast. Forty-
one genes, located at 9 chromosomes, were analyzed using 2 different MLPA probe mixes: the P004-C1
ERBB2 and P078-C1 Breast Tumour kit. The values less than 0.7 were defined as a gene loss (blue),
whereas values greater than 1.5 as a gene gain (yellow).

MLPA Profiling of Apocrine Carcinoma of the Breast

(n=24)

Number of samples with gene copy changes
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Fig. 3. Unsupervised hierarchical cluster analysis revealed two distinct clusters: cluster A that represents
HER2-negative subset (17 cases), whereas cluster B contains HER2-positive cases (7 cases). Four small

subclusters (A1/A2, B1/B2), deriving from loss or gain of genes in both 17p and 17q chromosome regions,
were identified within the 2 main clusters.
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