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Summary

The transcription factor SOX10 mediates the differentiation of neural crest—derived cells, and
SOX10 by immunohistochemistry (IHC) is used primarily for the diagnosis of melanoma. SOX10
expression has been previously documented in benign breast myoepithelial cells. However there is
limited literature on its expression in triple-negative breast carcinoma (TNBC). The aim was to
study the clinical, pathologic and molecular profiles of SOX10+ tumors in TNBC. Tissue
microarrays of TNBC were evaluated for SOX10 expression in 48 cases. SOX10 expression was
correlated with clinical and pathologic features such as age, grade, and stage. Gene expression was
analyzed on RNA extracted from formalin-fixed paraffin-embedded (FFPE) specimens with
Affymetrix 2.0 HTA. Co-expression of SOX10 with androgen receptor (AR), WT1, gross cystic
disease fluid protein-15 (GCDFP-15), mammaglobin, epidermal growth factor receptor (EGFR),
CK5/6 and GATA transcription factor 3 (GATA3) were also assessed. The mean age was 59.38
(range, 28-90 years). Overall, 37.5% cases (18/48) were SOX10+. There was no association
between SOX10 expression and age, grade or stage of patients; 6 of 10 (60%) cases of basal-like 1
(BL1), and 5 of 8 cases of unstable (UNS) molecular subtype were SOX10+. One of 5 basal-like-2
(BL2), 1 of 6 immunomodulatory (IM), 1 of 4 mesenchymal (M), 1 of 5 luminal androgen
receptor (LAR) and 2 of 8 mesenchymal stem cell (MSL) showed lower frequencies of SOX10
expression. There was negative correlation between SOX10 and AR+ subtypes (P < .002). SOX10
was positively correlated with WT1 (P =.05). SOX10 did not show significant correlation with
mammaglobin, GCDFP15, EGFR, CK5/6 and GATA3. SOX10 expression in the basal-like and
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unstable molecular subtypes supports the concept that these neoplasms show myoepithelial
differentiation.
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1. Introduction

The transcription factor SOX10 belongs to the SOX [sex-determining region Y (SRY)-
related high mobility group (HMG)-box] gene family, which regulates Wnt/beta catenin
signaling in diverse developmental processes [1]. It mediates differentiation of neural crest
cells into melanocytes, oligodendrocyte and glia [2-8] and contributes to stem/progenitor
activity and induces a mesenchymal transition in mammary cells [9].

SOX10 is expressed in many different cells and tissues—melanocytes, Schwann cells and
corresponding tumors [10]. In addition, it has also been found in some solid tumors—breast
cancers [11], salivary tumors [12-14], hepatocellular carcinomas [15], ovarian tumors [16],
nasopharyngeal carcinomas [17], prostate cancers [18], and digestive cancers [19]. In
addition, SOX10 expression by immunohistochemistry (IHC) has previously been
documented in myoepithelial cells of the breast, salivary glands, and bronchial glands
[11,20].

In the breast, SOX10 plays a role in Notch4 and PBP (peroxisome-proliferative—activated
receptor-binding protein)-mediated mammary epithelial cell growth in vitro [21]. There is
very limited literature on expression of SOX10 in breast carcinomas, and SOX10 expression
in the molecular subtype of the triple-negative carcinoma has not been well examined. Here,
we report the first systematic study of the expression of SOX10 in triple-negative breast
carcinoma subdivided by molecular subtype, including basal-like 1 (BL1), basal-like 2
(BL2), mesenchymal (M), mesenchymal stem cell (MSL), immunomodulatory (IM), luminal
androgen receptor (LAR), Unstable (UNS) and the correlations with immunohistochemical
markers androgen receptor (AR), WT-1, GATA3, mammaglobin and GCDFP-15 with
clinicopathological parameters.

2. Materials and methods

2.1. Tissue microarray construction and case selection

The use of archival tissue for this study was approved by the Institutional Review Board at
University Hospitals Cleveland Medical Center (protocol 01-13-43C). Tissue microarrays
(TMAs) were constructed from archival FFPE blocks using 1.5 mm cores in duplicate pairs
after macro-dissection by an expert breast pathologist. Tissue microarrays of TNBC were
evaluated for SOX10 and AR expression by IHC in 48 cases. SOX10 expression was
correlated with clinical and pathologic features such as age, grade, and stage. Co-expression
of SOX10 with other hormone-related proteins including AR, WT1, gross cystic disease
fluid protein-15 (GCDFP-15), mammaglobin and GATA transcription factor 3 (GATA3)
were also assessed (Table 3).
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2.2. Immunohistochemical staining

The antibodies used for immunohistochemistry in this study are shown in Table 1. All
immunostains were performed T1 using formalin-fixed, paraffin-embedded tissue sections.
The staining was interpreted by two pathologists on a multiview microscope.
Immunohistochemical staining was performed on 5 um TMA sections using the Ventana
Benchmark Ultra platform (Ventana Medical Systems, Tucson, AZ.). Briefly, unstained
sections of tissue were prepared from paraffin blocks and baked for 30 minutes at 60°C in a
Boekel Lab oven. The slides were deparaffinized, and antigen was retrieved with standard
Cell Conditioning 1 (Ventana Medical Systems, AZ, USA), then incubated at 37°C with the
primary antibody. Primary antibodies for estrogen receptor, progesterone receptor, HER2,
androgen receptor, WT-1, GATA-3, Mammaglobin, EGFR, CK5/6 and GCDFP-15 were
used. All IHC markers were assessed by light microscopy. Scoring of immunostained slides
was done according to the percentage of tumor cells exhibiting nuclear (ER, PR, WT-1,
GATA-3, and SOX10) and membrane (HER2, EGFR and GCDFP15) staining and
cytoplasmic CK5/6, mammaglobin. ER/PR staining was performed to assess and/or confirm
clinical status. Tumors were considered positive for ER or PR if there were >1% staining in
tumor nuclei. HER2 was evaluated using current 2013 ASCO/CAP guidelines. AR positivity
was defined as greater than or equal to 10% staining in tumor nuclei [22]. The IHC staining
ER, PR, WT1, SOX10, EGFR, CK5/6, and GATA-3 immunohistochemistry was considered
positive when more than 1% tumor cells were stained (Fig. 1).

2.3. Molecular analysis

DNA/RNA is extracted from tumor tissue adjacent to the punches taken for TMA
construction from the same FFPE block for molecular analysis. Samples from the patients
had tumor DNA/RNA extracted from 2 mm cores of macrodissected FFPE tissue blocks
using the Qiagen AllPrep DNA/RNA FFPE Kit (cat# 80234). DNA and RNA concentration
and quality were assessed using a NanoDrop spectrophotometer. Gene expression was
analyzed on RNA extracted from FFPE specimens with Affymetrix 2.0 HTA. Pietenpol
TNBC molecular subtypes were calculated using the online TNBC type tool [23].

2.4, Statistical analysis

The software SPSS version 22 for Windows (SPSS Inc, IL., USA) was used for statistical
analysis. Associations between SOX10 expression and clinicopathological factors were
evaluated using XZ test and Fisher’s exact test. Disease-free survival (DFS) was measured
from the date of diagnosis to the date of death, recurrence or metastasis, and censored at the
date of last follow-up for survivors without recurrence. Survivor distributions (DFS) were
estimated using Kaplan-Meier methods, and differences of survivals between groups were
examined by log-rank test. P< .05 was considered statistically significant.

3. Results

3.1. Clinicopathologic characteristics of patients

Table 2 summarizes clinicopathological characteristics of T2 48 cases of TNBC. All patients
were women with a mean age of 59.38 (range, 28-90 years). Overall, 37.5% of cases 18 of
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48 were SOX10+ by IHC; 13 of 45 (28.9%) cases showed axillary lymph node metastasis.
Tumor recurrence was noted in 10 of 48 cases. When the study group was classified
according to the gene profiling, there were 21.7% BL1, 17.4% MSL and UNS each, 13%
IM, 10.9% LAR and BL2 each and 8.75% were M subtype. Clinicopathologic
characteristics between SOX10 negative and positive were compared in Table 2. Tumor size
of SOX10-positive cases was greater than SOX10-negative cases but was not statistically
significant (P=.07). When comparing the tumors by molecular subtype, 6 of 10 (60%)
cases of BL1 were SOX10 positive, and 5 of 8 cases were of the UNS molecular subtype.
SOX10 positivity was seen less frequently in other subtypes: BL2 (1/5), IM (1/6), M (1/4),
LAR (1/5) and MSL (2/8). This demonstrated that BL1 and UNS subtype showed higher
proportion to be SOX10 positive. There was no statistical significance in age, lymph node
metastasis and tumor recurrence between SOX10-positive and -negative cases.

3.2. IHC staining results

Table 3 demonstrates IHC characteristics of SOX10-positive (Fig. 1) and -negative cases in
TNBC. WT-1 was expressed with higher incidence in SOX10-positive TNBC (38.3%) than
those of SOX10-negative TNBC (13.8%) (~=.05). There was significantly lower expression
of AR in SOX10-positive TNBC (0.5%) than those of SOX10-negative TNBC (50%) with P
value of .002. GATAS3 expression was present in 66.6% (32/48) of all cases. GCDFP-15
expression was present in 23.9% (11/46) of TNBC while mammaglobin was expressed in
36.1% (17/47) of TNBC cases. EGFR was positive in 26 of 44 (59.1%) cases and CK5/6
positive in 42 of 45 (93.3%) cases. GATA-3 was positive in 11 of 18 (61.1%) SOX10+ cases,
GCDFP-15 was positive in 2 of 17 (11.8%) SOX10+ cases, mammaglobin was positive in 6
of 17 (35.3%) SOX10+ cases. EGFR was positive in 10 of 17 (58.8%) SOX10+ cases.
CK5/6 was positive in all SOX10-positive cases. SOX10 and GATA-3, GCDFP-15 and
mammaglobin expression was not 100% concordant between cases. There was no significant
association of SOX10 expression with mammaglobin, GCDFP-15, EGFR, CK5/6 and
GATA-3 expression.

3.3. Follow-up and survival

The median follow up was 184.9 months with range 1 to 286 months. The 6-year disease-
free survival (DFS) was 63.9%. There was no significant difference in DFS between SOX10-
positive and -negative cases (P=.214, log rank test, Fig. 2).

4. Discussion

Breast cancer is a heterogeneous disease, which can be classified into biologically,
morphologically and clinically meaningful entities. Approximately 12 to 17% are triple-
negative breast cancers lacking expression of estrogen receptor (ER), progesterone receptor
(PR) and human epidermal growth factor receptor 2 (HER?2) [24]. These lesions are also
characterized by a high incidence of TP53 mutations, as well as low levels of RB and high
levels of p16 proteins [25] Triple-negative breast cancers are more prevalent in patients
below the age of 50 years [26,27]. In particular, triple-negative breast cancers are clinically
problematic as there is no approved targeted systemic therapy for these lesions; Currently,
chemotherapy is the only systemic therapy available for triple-negative breast cancers and is
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curative in a subset of patients with chemotherapy-sensitive disease [28]. TNBC itself is a
heterogeneous group and further divided into basal type and non-basal type based on five
biomarkers with BLBC being ER, PR, HER2 negative and positive for basal cytokeratin and
EGFR. However, basal-like carcinomas themselves are heterogeneous [25]. Notably,
metaplastic carcinomas have also been shown to have a basal-like phenotype by IHC [29-
31] and genomic profiling [32].

Recently SOX10 has been described as an additional marker in triple-negative breast cancer,
especially basal-like and metaplastic subtype by immunohistochemistry. Cimino-Mathews et
al described SOX10 labeling in 40% of primary invasive ductal carcinomas, with labeling
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
[11]. Authors also suggest that since SOX10 labels the benign myoepithelial cells of the
breast, as well as myoepithelial cell-derived neoplasms of the salivary glands, the SOX10
labeling in a subset of triple-negative breast carcinomas may be attributable to a basal-like,
or myoepithelial cell-like phenotype of some of these neoplasms [11]. In our study, we
found 37.5% of TNBC cases positive for SOX10 which was less than previous study [11].
This difference may be due heterogeneity within TNBC subgroups. Also the previous study
divided TNBC based on immunohistochemistry while in this study molecular studies based
sub classification was used [11]. However 60% of basal-like subtype and 62% of UNS
subtype was positive for SOX10 similar to previous studies [11]. It suggests that the
unclassified triple-negative carcinomas that demonstrate SOX10 labeling also show basal-
like or myoepithelial differentiation that is not usually detected by IHC for EGFR or CK5/6.
Also, immunoreactivity for SOX10 may be useful in supporting breast origin in a metastasis
from a triple-negative, basal-like, or UNS subtype, although it has its limitations as the full
spectrum of SOX10 immunoreactivity in all the neoplasms has not yet completely studied.

This study also showed that the incidence of AR expression is lower in the tumor cells of
SOX10-positive TNBC than in those of SOX10-negative TNBC (P =.002). This further
supports that SOX10 expression is due to myoepithelial differentiation of TNBC.

GATA3 expression was present in 66.6% (32/48) of all cases similar to SOX10 frequency in
basal-like and UNS subtype. SOX10 immunohistochemistry can be used to support a breast
origin in a metastatic triple-negative carcinoma in patients with a history of triple-negative
breast carcinoma, as well as to suggest breast as a site of origin in a metastatic carcinoma of
unknown primary. SOX10 and GATA3 were equally positive in our study, although GATA3
expression is less specific for breast carcinoma as GATAS labels many other types of
carcinomas [33] than does SOX10 [34]. Also the SOX10 and GATAS3 expression was not
100% concordant between cases and thus both can be used in the evaluation of a carcinoma
of unknown primary.

GCDFP-15 expression was present in 23.9% (11/46) of TNBC while mammaglobin was
expressed in 36.1% (17/47) of TNBC cases. The SOX10, GCDFP-15 and mammaglobin
expression were not 100% concordant between cases. These findings also suggest that
immunohistochemistry for SOX10 in addition with GATA3 [35], could have clinical utility
in supporting classification of an ER- carcinoma of unknown origin as a primary breast
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carcinoma, particularly since triple-negative breast carcinomas typically show lower
expression for other mammary-specific markers such as GCDFP and mammaglobin [36].

WT1 is a transcription factor which regulates the epithelial-mesenchymal balance during
embryonic development and can lead to the formation of Wilms’ tumor in case of mutation.
Its expression has also been reported in several solid tumor types, including breast cancer,
and shown to have poor outcome. However, published data is inconsistent and the role of
WT1 in this malignancy remains unclear [37]. In a study by Artibani et al, author found that
WT1 plays a role in regulating the epithelial-mesenchymal balance of breast cancer cells and
that WTI-expressing tumors are mainly associated with a mesenchymal phenotype and the
known association between WT1 expression in breast cancer and poor prognosis is
potentially due to cancer-related epithelial-to-mesenchymal transition (EMT) and poor
chemotherapy response [37]. They also showed that W71 expression in breast cancer occurs
at low frequency (10%-30%), and it was lower than in the healthy mammary gland [38].
Also, WT1Iexpression was significantly higher in ER-positive (luminal) than in ER-negative
(basal) tumors [37]. In our study, we found that WT-1 was positive in 23.4% cases similar to
previous study. Also, significant correlation of WT-1 and SOX10, further supports the
mesenchymal differentiation in TNBC cases. Further studies are needed to fully understand
the role of Sox10 in TNBC and its role in myoepithelial differentiation and survival of tumor
cells.

In summary, strong nuclear SOX10 labeling is seen in a subset of triple-negative breast
carcinomas, most notably the basal-like and unstable subtypes. SOX10 expression in these
tumor types in addition to inverse correlation with AR supports myoepithelial
differentiation. SOX10 expression is not only found in melanoma, but also in triple-negative
breast carcinoma and can be used as additional diagnostic marker with GATA3 in metastasis
of unknown origin.
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Case 1, A-D, The tumor cells show focal clear cell change and chondromyxoid background

(H&E, A and B 200x%; C, 400x); SOX10-positive triple-negative breast cancer (D, SOX10
IHC, 400x,). Case 2, E-G, The tumor cells are poorly differentiated and are arranged in solid

nests (H&E, E, 200x; F, 400x); SOX10-positive triple-negative breast cancer (G, SOX10

IHC, 400x).

Fig. 1.
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Disease-free survival in SOX10-positive and -negative cases.
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Antibodies used for Immunohistochemistry

Antibody Clone Dilution  Source

ER SPI Predilute  Ventana

PR IE2 Predilute  Ventana
HER2 4B5 Predilute  Ventana
GATA3 L50-023 Predilute  Cell Marque
SOX10 Monoclonal ~ Predilute  Biocare
WT1 WT49 Predilute  Leica
GCDFP15 EP1582Y Predilute  Cell Marque
Mammaglobin  31A5 Predilute  Cell Marque
AR SP107 Predilute  Cell Marque
CKb5/6 D5/16B4 Predilute  Ventana
EGFR - - Outside hospital

Table 1

Page 11

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor, EGFR epidermal growth factor

receptor.
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