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Summary

The transcription factor Sox10 mediates the differentiation of neural crest—derived cells, and
Sox10 labeling by immunohistochemistry (IHC) is used clinically primarily to support the
diagnosis of melanoma. Sox10 expression by IHC has been previously documented in benign
breast myoepithelial cells but not in breast carcinomas. Here, we report the first systematic study
of Sox10 expression in invasive ductal carcinomas subclassified by IHC-defined molecular
subtype (100 cases), as well as in 24 cases of ductal carcinoma in situ and 44 mammary
fibroepithelial neoplasms. Tissue microarrays containing 168 primary breast tumors were
subjected to IHC for Sox10. The extent of nuclear Sox10 labeling was scored by percentage
labeling as follows: 0 (0%), 1+ (1%—25%), 2+ (25%-50%), 3+ (50%-75%), and 4+ (>75%).
Overall, 40 (40%) of 100 invasive breast carcinomas demonstrated Sox10 immunoreactivity,
which was seen primarily in the basal-like, unclassified triple-negative, and metaplastic
carcinomas. Sox10 labeling was seen in 66% (38/58) of the basal-like, unclassified triple-negative,
and metaplastic carcinomas as compared with 5% (2/42) of the luminal A, luminal B, and Her-2
carcinomas (P < .00001). Sox10 labeling was seen in 1 (4%) of 24 cases of ductal carcinoma in
situ, which was negative for estrogen receptor/progesterone receptor. No labeling was seen in the
stromal component of phyllodes tumors or fibroadenomas. These findings show that breast
carcinoma must be considered in the differential diagnosis of melanoma for an S100-positive,
Sox10-positive metastatic malignant neoplasm. Sox10 expression in the basal-like, unclassified
triple-negative, and metaplastic carcinomas types supports the concept that these neoplasms show
myoepithelial differentiation.
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1. Introduction

The transcription factor Sox10 mediates the survival and differentiation of neural crest cells
into glial cells and melanocytes [1,2]. Immunohistochemical labeling for Sox10 is used in
surgical pathology primarily to support the diagnosis of melanoma [3-5] but also of nerve
sheath tumors [3,4], both of which are thought to be neural crest derived. Sox10 expression
by immunohistochemistry (IHC) has previously been documented in myoepithelial cells of
the breast, salivary glands, and bronchial glands [3,4].

In the breast, Sox10 plays a role in Notch4 and PBP (peroxisome-proliferative—activated
receptor-binding protein)-mediated mammary epithelial cell growth in vitro [6]. To our
knowledge, the expression of Sox10 in breast carcinomas has only been examined in one
study [3], in which no epithelial Sox10 labeling was seen in 4 cases of invasive ductal
carcinoma or 4 cases of ductal carcinoma in situ (DCIS). The molecular subtype of the
limited number of breast carcinomas examined was not reported. Here, we report the first
systematic study of the expression of Sox10 in invasive ductal carcinomas subdivided by
IHC-defined molecular subtype, including metaplastic (sarcomatoid) carcinoma, triple-
negative and basal-like carcinoma, Her-2—positive carcinoma, and luminal-positive
carcinoma, as well as in 24 cases of DCIS and in 44 fibroepithelial neoplasms of the breast.

2. Materials and methods

2.1. Tissue microarray construction and case selection

This study was approved by the institutional review board of the Johns Hopkins Medical
Institutions. Three tissue microarrays (TMAS) were constructed from archived paraffin
tissue blocks of 13 primary breast metaplastic carcinomas, 34 primary breast phyllodes
tumors, and 10 fibroadenomas from different patients. The pathologic features of the
metaplastic carcinomas are listed in Table 1. The metaplastic carcinomas in the series were
identified from the pathology archives of our institution from 2005 to 2012. The metaplastic
carcinomas in this series had at least 50% heterologous elements present in the resection
specimen (lumpectomy or mastectomy), including spindled, squamous, chondroid, or
osseous differentiation. All metaplastic carcinomas were grade 11, except for case 5, which
was grade Il. The metaplastic carcinomas included were all negative for estrogen receptor
(ER), progesterone receptor (PR), and Her-2.

Phyllodes tumors of the breast are in the diagnostic differential of metaplastic carcinomas
with spindle cell differentiation, particularly in the limited material of a core biopsy, and
they are thus included in this study to serve as a comparison with the metaplastic
carcinomas. The series of phyllodes tumors consisted of 14 malignant, 10 borderline, and 10
benign tumors, as previously described in an abstract form [7]. The tumors were subdivided
into malignant, borderline, and benign on the basis on tumor circumscription, stromal
overgrowth, stromal cellularity, stromal pleomorphism, and stromal mitosis, as previously
defined [8,9]. These cases were selected to be classic examples of these subtypes; cases that
were ambiguous or difficult to subclassify were purposely excluded. The fibroadenomas
were included in the study for completeness to serve as a comparison with the phyllodes
tumors. Each TMA consisted of 99 cores, each measuring 1.4 mm in diameter, including 9
cores of control tissues. Five cores were taken per metaplastic carcinoma and phyllodes
tumor and 2 cores per fibroadenoma, to minimize sampling error. One core per case
contained benign breast lobules as an internal control.

In addition, we evaluated a series of previously described TMAs [10] constructed from
archived paraffin tissue blocks of 87 invasive ductal carcinomas, with 5 cores per case
including 1 core of benign lobules. The IHC standard surrogate panel used to define the
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molecular subtypes included ER, PR, Her-2, cytokeratin (CK) 5/6, and epidermal growth
factor receptor (EGFR), as previously described [10-12]. Briefly, in this series, the luminal
A carcinomas were defined as having nuclear ER labeling in greater than 1% of cells but
negative Her-2 (IHC 0 or 1+); the luminal B carcinomas were defined as having nuclear ER
or PR labeling in greater than 1% of cells as well as evidence of Her-2 amplification by IHC
(3+) or fluorescence in situ hybridization (amplification ratio >2.2); the Her-2 carcinomas
were defined as being completely negative for ER and PR (0% staining), but with evidence
of Her-2 amplification (IHC 3+ or fluorescence in situ hybridization >2.2); the basal-like
carcinomas were defined as being completely negative for ER and PR (0% staining) and
Her-2 (IHC 0 or 1+) and demonstrating immunoreactivity for CK5/6 and/or EGFR; and the
unclassified triple-negative carcinomas were defined as being negative for ER and PR (0%
staining), Her-2 (IHC 0 or 1+), and CK5/6 and EGFR. In this series of cases, all luminal
cases selected for the TMAs showed more than 70% labeling for ER, and all cases with
Her2 amplification selected for the TMAs had an amplification ratio greater than 4.0, as
previously described [10]. Our intention was to choose cases unequivocally positive for the
IHC markers so that the cases would be more likely to reflect the categories defined by gene
expression. Cases were selected as classic examples of the subtypes; cases that were
ambiguous or difficult to subclassify were purposefully excluded. All of our cases that were
classified as ER and PR negative showed 0% nuclear labeling for these markers.

Using this panel, the carcinoma cases were subdivided into the 5 categories of luminal A (21
cases), luminal B (7 cases), Her-2 (14 cases), basal-like (32 cases), and unclassified triple-
negative carcinomas (13 cases) based on the accepted and validated IHC surrogate profiles
[11,12] for molecular subtypes identified by genomic analysis [13,14].

In addition, we evaluated previously constructed TMAs constructed from archived paraffin
blocks containing 24 cases of DCIS from different patients, with 4 to 5 cores per tumor.
Two cases were nuclear grade 1, 11 cases were nuclear grade 2, and 11 cases were nuclear
grade 3. Ten of the nuclear grade 3 cases had comedo pattern necrosis. The average tumor
size was 2.52 cm, with a range from 0.4 to 5 cm and a median of 1.5 cm. Twenty cases were
positive for ER/PR, and 4 cases were negative for ER and PR. Four DCIS cases were
associated with invasive ductal carcinoma with known ER, PR, and Her-2 status; of these
cases, 1 was luminal A, 1 was luminal B, and 2 were triple negative.

2.2. IHC and expression scoring

The TMAs were labeled by IHC for Sox10 by using the Sox10 (N-20) goat polyclonal
antibody from Santa Cruz Biotechnology (Santa Cruz, CA; SC-17342) at 1:100 dilution.
Briefly, unstained 5-um sections were cut from paraffin TMA blocks; slides were
deparaffinized by routine techniques, steamed for 25 minutes in sodium citrate buffer,
cooled for 5 minutes, blocked with peroxidase blocking solution for 10 minutes and with 1%
normal horse serum for nonspecific protein blocking for 25 minutes, and incubated with the
primary antibody for 30 minutes at room temperature. The reaction was developed with
detection from Biocare Goat-on-Rodent horseradish peroxidase polymer kit (reference no.
GHP516H; Biocare Medical, LLC, Concord, CA), with incubation times of 15 minutes with
the goat probe, 15 minutes with the goat horseradish peroxidase, and 10 minutes with
diaminobenzedine for visualization. Slides were counterstained with hematoxylin and
dehydrated before permanent coverslip.

Nuclear Sox10 labeling of the invasive carcinoma cells or stromal tumor cells was scored as
previously described [3], with the extent of nuclear labeling graded as follows: 0 (0%), 1+
(1%-25%), 2+ (25%-50%), 3+ (50%—75%), and 4+ (>75%). Intensity of staining was
recorded separately as weak, moderate, or strong. Sox10 labeling was scored blindly without
knowledge of the molecular subtype of the tumor. Control tissues on the TMAS included
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benign brain, kidney, liver, lung, lymph node, placenta, skin, small intestine, stomach, and
tonsil. Based on prior studies [3-5], melanocytes in the epidermis, neuroendocrine and mast
cells in the gastrointestinal cells, and myoepithelial cells in the breast were considered
positive internal controls for Sox10 staining.

Overall, 40 (40%) of 100 invasive breast carcinomas demonstrated nuclear Sox10
immunoreactivity, and the reactivity was seen primarily in the basal-like, unclassified triple-
negative and metaplastic carcinomas (Table 2). Sox10 labeling was seen in 66% (38/58) of
the basal-like, unclassified triple-negative, and metaplastic carcinomas as compared with 5%
(2/42) of the luminal A, luminal B, and Her-2 carcinomas (P < .00001, Fisher exact test). In
the metaplastic carcinomas, Sox10 labeling was seen in spindled, chondroid, and osseous
components, but not in any squamous components (Table 1).

As an internal control, strong nuclear Sox10 staining was present in breast myoepithelial
cells of benign lobules (Fig. A and B), consistent with previously reported findings [3,4], as
well as in the myoepithelial cells of phyllodes tumors and fibroadenomas. Sox10 labeling
was seen in 69% (22/32) of basal-like carcinomas (Fig. C and D), 77% (10/13) of
unclassified triple-negative carcinomas, and 46% (6/13) metaplastic carcinomas (Fig. E and
F). Sox10 labeling was seen in 1 case each of luminal B carcinoma (14%; 1/7) and Her-2
carcinoma (7%; 1/14). No labeling was seen in the luminal A carcinoma cells (0%; 0/21)
(Fig. G and H), the phyllodes tumors’ stromal or luminal epithelial cells (0%; 0/34), or the
fibroadenoma stromal or luminal epithelial cells (0%; 0/10). The internal positive controls
labeled appropriately (Fig. G and H). Sox10 labeling was seen in 25% (1/4) cases of ER/PR-
negative DCIS. This case of DCIS was nuclear grade 3, with comedo, solid, cribriform, and
micropapillary architectural patterns and associated with a triple-negative invasive ductal
carcinoma. All 20 ER-positive DCIS cases were negative for Sox10; thus, overall, Sox10
labeling was seen in 4% (1/24) of all DCIS cases.

Of the 40 cases of invasive carcinoma positive for Sox10, most (88%; 35/40) showed diffuse
labeling, with scores of 3+ to 4+. Only 13% of positive cases (5/40) showed 2+ labeling, and
no cases showed 1+ or focal labeling. Of the 40 cases positive for Sox10, most (85%; 34/40)
had moderate to strong nuclear labeling. Only 15% of positive cases (6/40) had weak
nuclear labeling. The intensity and percentage of cells labeling with Sox10 were uniform
within a given case, with very limited intratumoral heterogeneity demonstrated on the TMA
sections.

4. Discussion

The Sox (Sry-related HMG box) genes are a family of transcription factors with HMG DNA.-
binding domains that play a role in numerous developmental processes, including the
development of the nervous system, skeletal system, and immune system [15]. The Sox10
gene was first discovered in mouse embryos in 1993 [16] and subsequently described in the
human genome in 1998 [17].0f all the Sox family proteins, the function of the Sox10
protein has been one of the most studied, largely because of the association of mutated
Sox10 with clinical neurocristopathies such as Waardenburg-Shah syndrome [2]. Sox10
appears to have a role in the survival of neural crest cells and their maturation and
differentiation into neural-crest—derived melanocytes and glia [1,2].

In the breast, the Notch signaling pathway is central to controlling stem cell maintenance
and cell differentiation [18], and the Notch gene is activated in the ductal luminal progenitor
cells of the mammary lobules [19]. Sox10 is required for Notch4-PBP—mediated cell growth
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in in vitro studies of murine mammary epithelial cells [6]. Otherwise, the exact role of
Sox10 in effecting mammary cell differentiation is not well understood. Sox10 labeling by
IHC has been previously demonstrated in myoepithelial cells of the breast [3,4], but not in
benign ductal epithelial cells or a limited number of in situ carcinomas or invasive
carcinomas of the breast [3].

Here, we demonstrate for the first time that Sox10 nuclear labeling by IHC can be seen in
invasive breast carcinoma, most notably in 66% of basal-like, unclassified triple-negative,
and metaplastic carcinomas of the breast. No Sox10 labeling was seen in luminal A
carcinomas, phyllodes tumors, or fibroadenomas. Limited labeling was seen in luminal B
and Her-2 carcinomas. Limited Sox10 labeling was seen in DCIS, specifically in a single
case of ER/PR-negative DCIS associated with a triple-negative invasive ductal carcinoma.
We suspect that the limited Sox10 labeling of DCIS in our study reflects the fact that most
of our DCIS cases were pure DCIS without associated invasive carcinoma, which were
predominantly ER positive. Pure triple-negative DCIS cases are less common on a
percentage basis than triple-negative invasive carcinomas, perhaps reflecting their increased
tendency to invade. Because most markers expressed in invasive breast cancers are also
expressed in their corresponding subtype of DCIS, we suspect that the incidence of Sox10
expression will be highest in triple-negative DCIS, although further data are needed to
support this assertion.

Triple-negative carcinomas of the breast are a heterogeneous group of invasive carcinomas
that lack expression of ER, PR, and Her-2 [20,21]. There is currently no specific targeted
therapy for these of tumors, and as a group, they are associated with poor overall survival.
Basal-like tumors comprise a subset of triple-negative carcinomas because they lack ER,
PR, and Her-2 expression, in that they express markers seen in the basal myoepithelial cells
of the breast such as CK5/6 and/or EGFR [22,23]. However, basal-like carcinomas
themselves are heterogeneous [23]. Notably, metaplastic carcinomas have also been shown
to have a basallike phenotype by IHC [24-28] and genomic profiling [29].

Our finding that Sox10 expression is seen in a subset of invasive breast carcinoma illustrates
several points. First, the presence Sox10 expression in normal breast myoepithelial cells as
well as the basal-like carcinomas and metaplastic carcinomas supports the myoepithelial
differentiation in these tumor types. It suggests that the unclassified triple-negative
carcinomas that demonstrate Sox10 labeling also show basal-like or myoepithelial
differentiation that is not detected by IHC for EGFR or CK5/6. Second, immunoreactivity
for Sox10 may be useful in supporting breast origin in a metastasis from a triple-negative,
basal-like, or metaplastic carcinoma, although one caveat is that the full spectrum of Sox10
immunoreactivity in human neoplasms has yet to be completely studied. Third, the lack of
Sox10 labeling in phyllodes tumors suggests that this immunostain may be useful in
distinguishing between malignant phyllodes tumors and metaplastic/sarcomatoid
carcinomas, a distinction that can be especially difficult on core needle biopsy. However, we
recognize that our case series is relatively small, and the study is limited by the TMA
methodology used. Further studies are clearly needed.

To date, immunoreactivity of Sox10 has been used primarily to support the diagnosis of
melanoma in primary [3-5] and metastatic [30] sites. A potential pitfall may arise when one
encounters an S100-positive, Sox10-positive, CK-negative spindled, and epithelioid
malignant neoplasm; in this setting, based on the published literature, one could potentially
make an outright diagnosis of melanoma. A common situation in which this can occur is in
the woman who presents with an axillary mass presumed to be a lymph node metastasis but
no known primary, where a metastasis from occult melanoma or breast carcinoma usually
tops the differential diagnosis. Similar to melanomas, metaplastic carcinomas of the breast
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may be negative for broad-spectrum CKs by IHC [31]. Furthermore, both primary [32,33]
and metastatic [33] breast carcinomas can be immunoreactive for the S-100 protein, a
finding frequently used to support the diagnosis of melanoma [3] (particularly the
desmoplastic or spindle cell type). As our study shows, Sox10 labeling does not prove that
such a lesion is melanoma, and breast carcinoma remains in the differential diagnosis. In this
setting, use of more specific markers (such as high-molecular-weight CKs or p63 for
metaplastic carcinoma, and HMB45 and Melan-A for melanoma) can often make this
distinction. When they cannot, especially in the setting of a limited core biopsy, additional
tissue sampling with procurement of tissue for possible electron microscopy may be helpful.

Further studies are needed to fully understand the role of Sox10 in breast myoepithelial cells
and what role, if any, it has in maintaining the differentiation and survival in the associated
Sox10-positive carcinomas. The expression of Sox10 in other breast neoplasms with
myoepithelial differentiation, such as myoepithelial carcinoma and adenoid cystic
carcinoma, is currently being investigated.

In summary, strong nuclear Sox10 labeling is seen in a subset of invasive breast carcinomas,
most notably the basal-like, unclassified triple-negative, and metaplastic carcinomas. Sox10
expression in these tumor types supports myoepithelial differentiation. Sox10 reactivity
cannot alone be used to support a diagnosis of metastatic melanoma, and metastatic breast
carcinoma must be considered in the differential diagnosis of an S100 and Sox10-positive
malignant neoplasm.
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Fig.

Nuclear Sox10 labeling is seen in breast myoepithelial cells and a subset of invasive breast
carcinomas. Breast myoepithelial cells in benign lobules (A) display strong nuclear Sox10
labeling (B), but the ductal luminal cells are negative. Nuclear Sox10 labeling is seen in the
invasive carcinoma cells in 66% of unclassified triple-negative carcinomas, basal-like
carcinomas (C, D), and metaplastic carcinomas (E, F). No Sox10 labeling is seen in luminal
A carcinomas (G, H) or mammary fibroepithelial neoplasms; positive internal control
staining of myoepithelial cells in benign lobules is seen in the left lower field (G, H).
Hematoxylin and eosin and Sox10 immunostain, x400.
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Pathologic features of metaplastic (sarcomatoid) carcinomas

Table 1

Case Tumor size Metaplastic Sox10 score
no. (cm) component(s) (04+)
Case 1 35 Spindled and squamous 0
Case2 4 Chondroid? 3
Case3 27 Spindled®and squamous 4
Case 4 13 Spindled 0
Case5 4.2 Spindled 0
Case6 2.3 Chondroid® 4
Case7 55 Spindled 0
Case8 28 Chondroid® 4
Case9 3 Chondroid® and osseous® 4
Case 10 10.1 Squamous 0
Casell 1.6 Chondroid®and squamous 3
Case12 55 Chondroid 0
Case13 3 Spindled and squamous 0

NOTE. Nuclear Sox10 labeling is defined as 0, 1+ (1%-25%), 2+ (25%-50%), 3+ (50%—-75%), 4+ (>75%).

a . .
Sox10 labeling was only present in the components.
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