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Abstract

We describe a 74-year-old woman with no family history of breast cancer who presented with a
high-grade myoepithelial carcinoma. Diagnosis was supported by immunohistochemical staining
for both epithelial (ie, keratin) and myoepithelial (eg., p63, S-100, actin) differentiation. Because the
patient reported that her family had an extensive history of neoplasm, a genetic study was ordered.
To our knowledge, this is the first case to be reported in the literature with a complete genomic
profiling study in which a 4-gene alteration has been detected. Molecular genetics profiling of the
tumor using a genetic profile showed a genetic alteration in NFI (L494fs*4), IRS2 amplification, RBI
loss, and TP53 (Y107D). The patient underwent lumpectomy with sentinel lymph node biopsy and
chemotherapy treatment with carboplatin and taxol. She is alive and free of disease.
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Introduction

Myoepithelial breast carcinoma is a rare breast cancer that arises from the myoepithelial
cells and shares overlapping phenotypic features with metaplastic carcinoma [1]. It has a unique
immunphenotypic profile with positive immunoexpression for cytokeratins (AE1/3), including
high-molecular weight keratin (CK 14, CK903) and myoepithelial differentiation (p63, S100), as
well as immunoreactivity to antibodies against myofilaments (Smooth Muscle Actin [SMA]). EGFR
expression is also common in myoepithelial carcinomas. They are typically negative for hormonal
receptors and HER2; therefore they are often considered triple negative breast cancer.

Myoepithelial carcinoma has a propensity for distant metastasis [1]. The molecular profiling of
these tumors has not been studied thus far. Herein, we describe a distinctive case of myoepithelial
breast carcinoma with its genomic profiling study showing alteration in 4 genes. No known
treatment regimen is available for this kind of tumor.

Case Presentation

A 74-year-old woman with hypertension presented to our medical center because of an
asymptomatic, non tender lump in her right breast and no palpable axillary or Supraclavicular
lymph nodes. The patient had been committed to having her annual mammogram, and her last
mammogram was less than a year ago. Nevertheless, neither she nor her doctors believed that
mammography screening helped to discover the current tumor. The patient had been pregnant
4 times and had given birth to 4 healthy children. She had an extensive history of cancer in her
family: Her father and 2 brothers had died of prostate cancer, and she had both a sister who had
lung cancer and a sister who had received a diagnosis of cancer of unknown type. No family history
of breast cancer existed, according to the patient. Her surgical history included a hysterectomy.
The remainder of the initial physical examination was unremarkable, and the patient had no other
concerns. She received a clinical diagnosis of carcinoma in the upper outer quadrant of the right
breast that was pathologically staged as a T2NOMO tumor.
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Figure 1: Pushing Borders of High-Grade Malignant Neoplasm at the
Interface With Normal Adjacent Breast Parenchyma Showing Microcystic
Spaces and Sheets of Epithelioid With Marked Cytologic and Nuclear Atypia
and Bizarre Nuclei (hematoxylin-eosin, original magnification x10).

Figure 3: Basophlllc and Basement Membrane—Like Material. Cystic spaces
with basophilic and basement membrane—like material (hematoxylin-eosin,
original magnification x40).

Figure 2: High-Grade Cytologic Atypia. Occasional sheets of spindle
neoplastic cells are admixed with epithelioid cells that exhibit marked high-
grade cytologic atypia with nuclear pleomorphism and bizarre nuclei and
show occasional mitotic figures (hematoxylin-eosin, original magnification
x40).

Three weeks after her original breast cancer diagnosis, the patient
underwent a right lumpectomy and right sentinel lymph node
biopsy. The excised sentinel node was found to be a single lymph
node measuring 1.2 cm in its greatest dimension. The gross breast
specimen was a red-yellow rubbery breast tissue fragment measuring
9.5%6.5x1.5 cm. The specimen was serially sectioned, showing cut
surfaces remarkable for an eccentrically located firm lesion measuring
2.4x1.5x1.8 cm. The remainder of the breast tissue was histologically
unremarkable.

Multiple paraffin-embedded sections were studied, which revealed
breast parenchyma infiltrated by high-grade malignant neoplasm,
composed of sheets and nests of mixed epithelioid and occasional
spindle cells with nuclei ranging from low grade to markedly
pleomorphic and of bizarre shapes (Figures 1 and 2). Several atypical
mitotic figures were found. Cystic spaces were noted that were filled
with basophilic and basement membrane-like materials (Figure 3).
Sections also showed a single benign lymph node with no evidence
of metastatic disease. Furthermore, sections of the surgical margins
surrounding the cancer had benign breast parenchyma with focal
atypical lobular hyperplasia despite no evidence of invasive disease.

Immunohistochemistry results were strongly positive for
pancytokeratin (AE1/3) (Figure 4), SMA, smooth muscle myosin, p63
(Figure 5), and S-100 (Figure 6) while being negative for HER2 and
estrogen receptor and weakly positive for progesterone receptor. The

Figure 4: Pancytokeratin (AE1/3) Cytoplasmic Immunostain in the Neoplastic
Cells. Immunostain indicates epithelial differentiation (original magnification
x40).

final diagnosis was high-grade myoepithelial carcinoma of the breast.

Given the extensive family history of malignancy provided by
the patient, a thorough genetic study was ordered. The test was a
next-generation, sequencing-based assay that identifies genomic
alteration within hundreds of cancer-related genes (Foundation One;
Foundation Medicine). The current assay interrogates 315 genes, as
well as introns of 28 genes involved in rearrangement, both the genes
and introns known to be altered in cases with solid tumors. The test
result identified 4 genomic alterations, featuring NFI (L494fs*4),
IRS2 amplification, RBI loss, and TP53 (Y107D).

The genomic study also reported identification of certain variants
of unknown significance, including ASXLI (A1312V) and CIC
(T295M). These variants may not have been adequately understood
or characterized in the literature, but we choose to include them in
our report in case they become clinically meaningful in the future for
targeted therapy.

Discussion

Myoepithelial carcinoma of the breast is a rare lesion, with about
38 cases reported in the English literature [2]. Therefore, the need
is becoming urgent to understand the nature of this rare entity. In
addition, our patient’s extensive family history of other cancers raises
questions about the genetic component of these types of lesions; only
a few studies in the literature have demonstrated the association
between EWSRI gene rearrangements and myoepithelial carcinomas.
To our knowledge, this case report is the first of myoepithelial
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Figure 5: P63 Nuclear Immunostaining in the Neoplastic Cells. Immunostain
confirms myoepithelial differentiation (original magnification x40).

Figure 6: S100 Nuclear Staining in the Neoplastic Cells. Immunostain
confirms myoepithelial differentiation (original magnification x40).

carcinoma of the breast that involved complete genomic evaluation
showing multiple genetic alterations, including NFI, IRS2
amplification, RBI loss, and TP53. More molecular studies should be
conducted in this regard to illuminate the pathogenesis and genetic
profiling of this distinctive tumor.

Normal breast tissue architecture is composed of networks of
branching ducts lined with an inner luminal epithelial layer that
regulates the differentiation of the ductal epithelial cells from which
the more common adenocarcinoma of the breast originates. Yet, the
outer layer that envelops the branching ducts consists of myoepithelial
cells that rarely develop into the malignant lesion [3] discussed in the
present case report.

The structure of myoepithelial cells closely expresses their
function. Major components are desmosomes and hemidesmosomes,
by which the cells adhere to the luminal cells and the basement
membrane, respectively. They have a contractile function achieved by
the actin and myosin filaments embedded in their structure [1].

In 1991, Tavassoli [4] divided the myoepithelial lesions into 3
types: myoepitheliosis, adenomyoepithelioma, and myoepithelial
carcinoma. Adenomyoepithelioma was further categorized into
tubular, spindle-cell, and lobulated variants depending on the
architectural and histologic features. Only myoepithelial carcinoma
is composed of pure myoepithelial cells, and it is rare.

Even though the cytologic criteria to diagnose myoepithelial
carcinoma of the breast are still elusive, the World Health
Organization’s definition and certain descriptive histologic literature
describe the components of spindle and epithelioid cells as having
nuclear atypia and marked mitotic activity. In our present case, we
found epithelioid cells with bizarre nuclei. In addition, we recognized
cystic spaces filled with basophilic and basement membrane-like
materials, and the cytoplasm was pale eosinophilic. Other soft tissue
tumors that mimic myoepithelial carcinoma are leiomyosarcoma,
fibrosarcoma, and malignant phyllodes tumors. However, these
entities can be excluded by immunohistochemistry (eg., SMA,
desmin, CD10, CD34). Another important differential diagnosis is
metaplastic carcinoma of the breast, which is an uncommon breast
tumor but can be differentiated by immunohistochemical stains
(eg., AE1/3, MNF-116, p63) [1,5]. In addition, metaplastic breast
carcinoma has a unique genomic profiling. It is characterized by a
complex array of genomic alterations including multiple gene copy
number gains and losses, in addition to mutations in p53 (TP53)
(20%), loss of CDKN2A (p16) (20%) and PTEN (25%), as well as

recurrent mutations of PIK3CA (40%), and of genes pertaining to the
Wnt pathway [6]. Furthermore, amplification and high polsomy of
the EGFR gene has been reported in 10% to 25% of metaplastic breast
cancers, as well as amplification of MYC (30%) [1,6].

Myoepithelial cell-derived neoplasms express both epithelial
and myoepithelial antigens on their cell surface. Therefore,
immunohistochemical antibodies can react to these antigen types and
especially to keratins and myofilaments. For example, antibodies to
basal keratins (5, 5/6, 14, and 17) react with most of the myoepithelial
tumors; in addition, SMA, muscle-specific actin, calponin, and S-100
are immunostains that can be used to detect the myoepithelial origin
of these tumors [2]. p63 is another important immunohistochemical
stain that can distinguish the myoepithelial cells of the breast,
but unlike other antibodies, p63 stains the nuclei rather than the
cytoplasm, as noted by the other antibodies [7].

In our case, the patient had extensive familial history of different
types of carcinomas—prostate (father and brothers), lung (sister), and
breast (index case). Four gene alterations have been reported in our
next gene sequencing study. Few studies have shown the involvement
of the EWSRI gene rearrangement in many cases of myoepithelial
carcinoma, and in particular the cytologic appearances of epithelioid
cell nests are known to be associated with such specific gene fusions
as EWSR1-POUSFI [8,9].

NF1 gene encodes a GTPase activating protein called
neurofiromin, which acts as a tumor suppressor gene by negatively
regulating the RAS signaling pathway [10,11]. Mutations in the NF1I
gene cause the well-known autosomal dominant disorder called
neurofibromatosis type 1, which is associated with multiple types
of cancers, including sarcoma, glioma, hematologic neoplasm,
and breast carcinoma [12,13]. An association between NFI gene
mutations and breast cancer is rare and has been reported in only
2% of breast tumors [14]. Nonetheless, in 1 study of 14 metastatic
breast cancers, the NFI gene mutation was frequently reported [15].
Studies have shown that the risk of breast cancer is relatively high
for women having neurofibromatosis type 1 associated with germline
NFI mutation [16,17].

The amplification of the IRS2 gene has been reported in cancer
cases and has been found in about 2% of invasive breast carcinoma
[18]. IRS2 encodes insulin receptor substrate 2, which is considered
a cytoplasmic signaling molecule. It also is essential in the negative
feedback loop between mTOR and Akt. Porter et al. [19] showed in
their study that high IRS2 expression was noted in invasive ductal
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carcinoma of the breast. Furthermore, increased IRS2 expression has
been associated with increased cell migration, leading to metastasis
and cancer spread in breast cancer cells [20]. This latter gene might
have contributed to the high propensity of metastasis associated with
these tumors.

Another altered gene found in our study was the RBI gene. It
normally encodes the retinoblastoma protein that suppresses tumors
and acts as a negative regulator of the cell cycle [21]. RBI gene
mutation or loss has been reported in approximately 2% of breast
cancer cases [18].

Because of the unique nature of myoepithelial carcinoma,
no therapy is known or approved by the US Food and Drug
Administration that is specific to the reported genomic alterations,
despite many studies having shown that myoepithelial carcinoma
has a high tendency for recurrence and distant metastasis. Therefore,
an effective treatment regimen is greatly needed. Most studies in the
literature have shown that constructive breast surgery combined with
adjuvant chemotherapy and radiotherapy may be effective [22].

Our genomic study reported 2 therapies with potential clinical
effect associated with NFI gene mutation in another tumor type but
none in our patient’s tumor type. These 2 medications with potential
benefit are cobimetinib and trametinib, which are MEK inhibitors
approved by the US Food and Drug Administration for treatment
of unresectable or metastatic melanoma with BRAF V600E mutation
[23,24].

In conclusion, myoepithelial carcinoma of the breast is a rare
neoplasm that needs further molecular genetic study and review.
Unique cytologic morphologic characteristics could be detected
that mostly show nests of epithelioid cells with bizarre nuclei and
atypia. Immunohistochemistry can be conclusive in establishing the
diagnosis through both epithelial and myoepithelial antibodies (eg.,
keratin, p63, S-100). Myoepithelial carcinoma of the breast shows
association with some gene mutations and fusion, such as NFI gene,
IRSI amplification, RBI loss, and TP53. No treatment regimens are
established in the literature regarding this rare entity.
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