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Abstract

SOX10 immunohistochemistry is used to identify tumors of neural crest origin, including melanocytic neoplasms. SOX10
expression has also been identified in myoepithelial cells of the breast and in a subset of invasive mammary carcinomas. In
order to characterize SOX10 expression in ductal carcinomas of the breast, the aim of this study was to characterize the SOX10 in
invasive ductal carcinomas according to molecular subtype, DCIS, and benign breast tissue. Forty cases of invasive ductal
carcinoma of the breast were retrieved, with ten cases with immunohistochemical profile compatible with luminal A-like, luminal
B-HER2-positive, non-luminal HER2-positive, and triple-negative subtypes. Whole tissue sections from each case were stained
with SOX10. Six (60%) of ten triple-negative tumors were SOX10+ compared with 1 (3%) of 30 carcinomas of other molecular
subtypes. All but one of the positive tumors showed at least moderate expression in at least 40% of tumor cells. All seven cases
SOX10+ carcinomas were grade 3 tumors. Of the 13 cases with DCIS available for assessment, one (8%) showed positive
SOX10 expression (a case associated with triple-negative carcinoma). Twenty-two cases contained normal breast tissue that
showed SOX10 expression in both myoepithelial and luminal cells, predominantly patchy with variable intensity. SOX10
showed incomplete myoepithelial staining compared to other myoepithelial markers. In conclusion, SOX10 IHC cannot reliably
differentiate between high-grade triple-negative carcinomas, melanomas, and myoepithelial tumors in the breast. SOX10 is not as
robust a myoepithelial marker compared with other established markers.
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Introduction

SOX10 is a DNA-binding transcription factor involved in the
development of neural crest cells, including melanocytes and
Schwann cells [1-4]. While SOX10 immunohistochemistry
(IHC) is often used to help identify tumors of neural crest
origin, such as melanocytic neoplasms and peripheral nerve
sheath tumors [1, 5-9], SOX10 expression is not entirely spe-
cific. For example, SOX10 immunohistochemical expression
is also present in normal and neoplastic tissue of salivary
glands and sweat glands [6, 10—13].
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In the breast, SOX10 immunohistochemical expression is
present in both myoepithelial and luminal cells [6, 7, 11, 13].
A proportion of invasive ductal carcinomas and metaplastic
carcinomas of the breast is also positive for SOX10 [6, 7, 11,
13-16]. Thus, understanding the specificity and features of
SOX10 immunohistochemistry in the breast, including its ex-
pression in invasive ductal carcinoma of the breast, would be
of diagnostic utility. The aim of the study is thus to character-
ize the SOX10 immunohistochemical patterns of invasive
ductal carcinomas, ductal carcinoma in situ (DCIS), and be-
nign breast tissue.

Methods
Case selection
This study was approved by the Research Ethics Board at the

British Columbia Cancer Agency. Archival tissue from 40
cases of invasive ductal carcinomas, no special type, of the
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breast that were biopsied or resected in 2016 was included in
the study. Special subtypes of carcinomas, including meta-
plastic carcinoma, adenoid cystic carcinoma, and carcinoma
with apocrine differentiation, were excluded. Ten cases of
invasive ductal carcinoma from each of four molecular classes
defined by immunohistochemical surrogates based on estro-
gen receptor (ER), progesterone receptor (PR), and human
epidermal factor receptor 2 (HER2) status were retrieved
[17]. Luminal A-like tumors were ER-positive, PR-positive,
and HER2-negative; luminal B-HER2-positive tumors (triple-
positive tumors) were ER-positive, PR-positive, and HER2-
positive; non-luminal HER2-positive tumors were ER-nega-
tive, PR-negative, and HER2-positive; triple-negative (basal-
like) tumors were ER-negative, PR-negative, and HER2-neg-
ative. ER and PR status were based on IHC and considered
positive when at least 1% of tumor cells showed nuclear stain-
ing [18]. A tumor was considered HER2-positive when it
showed an ITHC 3+ pattern or a positive result based on fluo-
rescence in situ hybridization (FISH) as outlined in the 2013
ASCO/CAP guidelines [19].

The pathologic features of each tumor including tumor
grade, primary tumor (pT) category, and regional lymph nodes
(pN) category were reviewed when available.

Immunohistochemistry

Whole tissue sections of invasive ductal carcinoma and, when
available, DCIS and benign breast ducts and lobules were
stained for SOX10. Whole sections were obtained from the
most representative block containing the tumor. IHC for
SOX10 was performed using a mouse monoclonal antibody
(Biocare Medical, clone BC34, Pacheco, CA) on Ventana
Benchmark XT (Ventana Medical Systems, AZ, USA) at
1:200 dilution. Slides were treated with CC1 for 56 min, in-
cubated with the primary antibody at room temperature for
32 min, and then detected using the Optiview DAB detection
system. Melanoma was used as a positive control for SOX10.

SOX10 staining within invasive ductal carcinoma and DCIS
was scored based on the proportion of tumor cells showing nu-
clear staining and intensity of staining (none, weak, moderate,
and strong). A tumor was considered to be SOX10-positive
when at least 1% of tumor nuclei showed nuclear staining.
SOX10 staining was also assessed with benign breast tissue
when available. The entire whole section was examined, and
all ducts were evaluated for SOX10 staining.

Results
Invasive ductal carcinoma

Whole tissue sections of 40 cases of invasive ductal carcinoma
were stained with SOX10, including material from 16
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resections and 24 core needle biopsies. Ten cases from each
of the four molecular classes as determined by immunohisto-
chemical surrogates (luminal A-like, luminal B-HER2-
positive (triple positive), non-luminal HER2-positive, and
triple-negative (basal-like) tumors) were included in the study.
Six (60%) of 10 triple-negative carcinomas were SOX10-
positive (Fig. 1a, b). In comparison, only 1 (3%) of 30 carci-
nomas from the other molecular classes was SOX10-positive,
which was a case of non-luminal HER2-positive carcinoma.
Six (86%) of the seven SOX10-positive tumors showed at
least 40% of tumor cells with moderate or strong nuclear
staining (Table 1). One case of triple-negative carcinoma
showed weak nuclear staining in 10% of cells. All seven
SOX10-positive carcinomas were grade 3 tumors (Table 2).

Ductal carcinoma in situ

DCIS was available for evaluation in 13 cases. Of these cases,
only 1 (8%) case of DCIS was SOX10-positive (Fig. 1¢).
Eighty percent of tumor nuclei showed strong intensity stain-
ing. This case of SOX10-positive DCIS was associated with a
triple-negative invasive carcinoma that was SOX10 positive.

Benign breast tissue

All 22 cases with normal breast tissue available for assessment
showed SOX10 nuclear expression in both myoepithelial and
luminal cells of benign ducts and lobules, usually of patchy
positivity and variable intensity (Fig. 2a, b). Occasionally,
more uniform and strong staining was seen in foci of adenosis.
In eight cases, foci of usual ductal hyperplasia (UDH) were
also positive for SOX10. In two cases, UDH colonized by
DCIS was positive for SOX10 (Fig. 3a—d).

The expression of SOX10 in myoepithelial cells surround-
ing DCIS was compared with other myoepithelial markers.
SOX10 showed a more patchy, incomplete, and weaker stain-
ing pattern (Fig. 3d) compared with p63, SMMHC (Fig. 3¢
and f), CK5/6 (not shown), and CK14 (not shown).

Discussion

In this study, SOX10 immunohistochemical expression was
assessed in mammary invasive ductal carcinomas as stratified
by four different molecular classes as determined by IHC sur-
rogates. We showed that mammary triple-negative invasive
ductal carcinomas are frequently positive for SOX10 on
IHC, with 6 of 10 cases demonstrating expression. In compar-
ison, tumors from other molecular classes are rarely positive,
and in our study, only 1 of 30 cases, a non-luminal HER2-
positive tumor, was positive. In all but one case, these SOX10
positive tumors showed at least moderate intensity nuclear
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Fig. 1 SOX10 immunohistochemical expression in ductal carcinoma. a
Grade 3 triple-negative invasive ductal carcinoma. b This case of invasive
carcinoma shows strong intensity nuclear staining in 80% of tumor

staining in at least 40% of tumor nuclei. All SOX10 positive
invasive ductal carcinomas were high-grade (grade 3) tumors.

The finding that triple-negative invasive ductal carcinomas
are frequently positive for SOX10, while tumors from other
molecular classes are rarely positive is consistent with previ-
ous studies. Studies assessing SOX10 immunohistochemical
expression amongst a variety of neoplasms by tissue microar-
rays have previously reported that only a minority (12 to 17%)
of invasive ductal carcinomas are SOX10-positive [6, 7, 13].
When SOX10 expression in invasive ductal carcinomas of the
breast is stratified by molecular subtype and hormonal status,
it is apparent that SOX10 expression is more common in triple
negative invasive ductal carcinomas, being present in 38 to
71% of such cases [14, 15]. Most tumors showed diffuse
staining. Although HER-2 status was not reported, Miettinen
et al. reported that the majority (60%) of SOX10-positive
invasive ductal carcinomas in their study were either ER-
negative or had a low expression for ER [6]. In comparison,
luminal and non-luminal HER2-positive, invasive ductal car-
cinomas are infrequently positive for SOX10, and in one
study, only 1 (15%) of 7 non-luminal HER-positive and 1
(7%) of 14 luminal B invasive ductal carcinomas were
SOX10-positive [20].

SOX10 expression in metastatic breast carcinoma also ap-
pears to be associated with a triple-negative phenotype.
Nelson et al. reported that 3 (38%) triple-negative tumors were

Table 1 Immunohistochemical staining of the SOX10-positive tumors
Caseno. Molecular class Intensity % Tumor nuclei
1 Non-luminal HER2-positive ~ Strong 40
2 Triple negative Moderate 40
3 Triple negative Weak 10
4 Triple negative Strong 90
5 Triple negative Strong 80
6 Triple negative Moderate 80
7 Triple negative Moderate 70

nuclei. ¢ A case of DCIS showing strong intensity nuclear staining in
80% of tumor nuclei

SOX10-positive compared with none of the 18 luminal or
non-luminal HER2-positive cases [16]. In regard to SOX10
expression in other subtypes of mammary carcinoma, 46% of
triple-negative metaplastic mammary carcinomas were
SOX10 positive in one study [14], while invasive lobular car-
cinomas have thus far been reported to be SOX10 negative [6,
7, 16].

In regard to DCIS, we showed one (8%) case of DCIS that
was SOX10-positive, which is consistent with a low rate of
SOX10 positivity in DCIS previously reported by Cimino-
Mathews et al. (1 of 24 cases) [14]. Notably, the SOX10-
positive DCIS in our study was associated with a SOX10-
positive triple-negative invasive carcinoma.

Table 2 Pathologic features and SOX10 immunohistochemical
expression of invasive ductal carcinomas and DCIS
SOX10 SOX10
positive negative

Invasive ductal carcinoma 7 33

Luminal A-like 0 10

Luminal B-HER2-positive (triple positive) 0 10

Non-luminal HER2-positive 1 9

Triple negative 6 4
Nottingham tumor grade

1 0 5

2 0 12

3 7 16
Primary tumor category

pT1 st 16"

pT2 1 12
Regional lymph node category

pNO 5 20

pN1 0 5

pN2 0 2
DCIS 1 12

TIncludes 1 resection post neoadjuvant therapy
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Fig. 2 SOX10 in benign breast lobules and ducts. a Benign adenosis. b SOX10 expression of luminal and myoepithelial cells in benign breast lobules
and ducts may show variable positivity (upper left). SOX10 expression may be more uniformly positive in adenosis (lower right)

SOX10 is used as an immunohistochemical marker for
melanomas and peripheral nerve sheath tumors, including
schwannomas, neurofibromas, and a subset of malignant pe-
ripheral nerve sheath tumors [1, 5-9]. The majority of meta-
static melanomas are SOX10 positive [6, 8]. SOX10 expres-
sion is also detected in some salivary gland neoplasms, par-
ticularly those with myoepithelial differentiation [10—12],
myoepitheliomas and mixed tumors of the skin or soft tissue

LA L2 R v Qe L TR Y MG T R OON ’ﬁ‘?f"

Fig. 3 SOX10 expression in UDH and myoepithelial cells. a DCIS with

residual UDH, particularly at the periphery of the duct. Infiltrating glands
of invasive ductal carcinoma are present around the DCIS as well. b The
CKS5/6 highlights the remnant of UDH left within the duct. ¢ With the ER
stain, the neoplastic cells of the DCIS are strongly and diffusely positive.
The surrounding invasive ductal carcinoma is also strongly and diffusely
positive. d SOX10 immunohistochemical stain. The UDH is positive for
SOX10, but the larger neoplastic cells of the DCIS are negative.
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[6], some skin adnexal neoplasms [6], and gliomas and other
tumors of the central nervous system [13, 21]. This reflects the
cell of origin for these tumors, as SOX10 expression is detect-
ed in melanocytes, peripheral nerves, myoepithelial and lumi-
nal cells of salivary glands, sweat glands, and glial cells [1, 6,
12, 13, 21]. Basal cells of prostate glands [6] and bronchial
glands [1] have also been reported to show SOX10
expression.

Myoepithelial cells around the DCIS are also SOX10 positive, showing
a patchy and variably weak to moderate intensity. e On p63, the
myoepithelial cells around the DCIS show strong nuclear staining. f
The SMMHC shows strong cytoplasmic staining in the myoepithelial
cells surrounding the DCIS. Both the p63 and SMMHC stains show
loss of myoepithelial cells around invasive ductal carcinoma in the
stroma surrounding the DCIS
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The finding that SOX10 IHC is frequently positive in high-
grade triple-negative invasive ductal carcinomas of the breast
has significant implications for surgical pathology practices.
Firstly, if the lineage of a high-grade tumor is in question on a
biopsy or even resection of the breast, then SOX10 expression
within the tumor does not necessarily provide evidence for
melanoma or other tumors of neural crest origin. In such a
scenario, other melanocytic markers for melanoma, namely
HMB45 and melan-A, may be helpful [22, 23]. A note was
made that S100 positivity, a sensitive marker for melanoma
[22, 23], has been reported in a significant percentage of breast
carcinomas [24, 25]. More specific markers for breast carci-
nomas are useful but have limited sensitivity. GATA3 is pos-
itive in 43 to 71% of triple negative invasive ductal carcino-
mas [20, 26-29], which is lower than in other breast carcino-
mas [26]. Triple negative carcinomas are frequently negative
for GCDFP 15 and mammaglobin [15, 29, 30]. Therefore,
based on this and other studies, SOX10 positivity can be used
as an adjunct marker for triple negative carcinomas of the
breast, including invasive ductal carcinomas and metaplastic
carcinomas.

SOX10 has previously been described to be expressed in
benign breast tissue in both myoepithelial cells and luminal
cells [6]. This was confirmed in our study. The typical pattern
observed was a heterogeneous expression characterized by
patchy nuclear staining of variable intensity. Foci of UDH or
adenosis may show increased expression. This would presum-
ably be easy to recognize in daily practice, but care should be
taken to not mistake such a pattern as evidence for a neoplastic
process, especially in cases of SOX10-positive UDH being
colonized by DCIS. Furthermore, SOX10 expression in the
luminal and myoepithelial cells within breast tissue can act as
an internal control for IHC. Nevertheless, SOX10 does not
seem to be as robust a marker for intact myoepithelial layer
around DCIS compared with other myoepithelial markers p63
(another nuclear stain), CK5/6 or CK14 [31].

The strength of this study is the characterization of SOX10
expression in both neoplastic and nonneoplastic breast tissue.
Using whole tissue sections, we were able to assess for hetero-
geneous expression of SOX10 in benign breast tissue and to
demonstrate SOX10 expression in UDH, including foci of DCIS.

The limitation of this study is the limited number of cases.
Despite this, we were still able to demonstrate that a high pro-
portion of triple-negative invasive ductal carcinomas are SOX10
positive on IHC, while tumors from other molecular subgroups
as determined by IHC surrogates are only rarely positive for
SOX10.

In conclusion, SOX10 positivity on its own cannot differ-
entiate between high-grade triple-negative invasive ductal car-
cinoma of the breast, melanomas, and myoepithelial tumors.
SOX10 expression on IHC seems to be rare in tumors that are
ER and/or HER2 positive. Furthermore, SOX10 stains the
luminal and myoepithelial cells of benign breast ducts and

lobules, adenosis and usual ductal carcinoma but does not
appear as robust a myoepithelial marker as other established
markers.
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