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Abstract Triple-negative breast cancer (TNBC) is

defined as a group of breast carcinomas that are negative

for expression of hormone receptors and HER2. Although

patients with TNBC tend to have a poor prognosis, only

chemotherapy is expected to be effective because no

therapeutic targets have yet been established. DNA

microarray analyses have proved that TNBCs are com-

posed of the basal-like subtype and normal breast (or

unclassified) subtype, the former being correlated with an

aggressive clinical course. Histological types of TNBCs are

reported to be common with those of basal-like subtype,

comprising high-grade invasive ductal carcinoma, no spe-

cial type [solid-tubular carcinoma (or atypical medullary

carcinoma), invasive ductal carcinoma with a large central

acellular zone], typical medullary carcinoma, and meta-

plastic carcinomas. The basal-like subtype is characterized

by the expression of myoepithelial/basal markers and

molecular changes including TP53 gene mutations, BRCA1

inactivation, and many chromosomal alterations. New

target molecules for the treatment of TNBCs are under

extensive investigation, and their clinical application is

awaited.
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Definition of triple-negative breast cancer

Primary breast cancers have been classified into subgroups

according to the extent of tumor spread (pT, pN, clinical

stage), histological types, and histological/nuclear grades

for the purpose of risk estimation and treatment decision.

In parallel with recent advances in drug therapies and in

their individualization, the classification of breast cancers

has come to be made in terms of the expression status of

target molecules. Triple-negative breast cancers (TNBCs)

have been defined as a subgroup of breast cancers that are

negative for all estrogen receptors (ER), progesterone

receptors (PgR), and HER2. In the 2007 St. Gallen con-

sensus meeting for making a decision about adjuvant

therapies (chemotherapy, endocrine therapy, and trast-

uzumab), operable primary breast cancers were recom-

mended to be categorized based on the status of ER, PgR,

and HER2 [1].

By using DNA microarray techniques, it has been

shown that breast cancers can be classified into biologi-

cally distinct groups based on their gene expression pro-

files. These groups comprise luminal A (ER-positive and

HER2-negative), luminal B (ER- and HER2-positive),

ERBB2 (ER-negative and HER2-positive), and triple-

negative (ER- and HER2-negative) subtypes [2–5]. The

TNBC is a heterogeneous group and is further categorized

into the basal-like and the normal breast subtypes, which
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are positive and negative, respectively, for myoepithelial/

basal markers such as basal cytokeratins (CKs) (i.e., CK5/

6, CK14, and CK17), a-smooth muscle actin (SMA), and

epidermal growth factor receptor (EGFR).

For the identification of a TNBC, the threshold of pos-

itivity for ER, PgR, and HER2 may differ among institu-

tions. In Japan, both ER and PgR are assessed by the

system (J score) advocated by the Japanese Breast Cancer

Society or by the Allred score [6–8]. HER2 positivity has

been considered present when either strong membrane

staining (3?) is evident in[10% of the carcinoma cells by

immunohistochemistry or when gene amplification is

demonstrated [the ratio of the number of copies of the

HER2 gene to the number of copies of chromosome 17

centromere (CEP17) is larger than 2.0 on average in 20

cancer cell nuclei] by fluorescence in situ hybridization

(FISH) [9]. It may be appropriate to consider TNBC when

the J score is 0 and 1 (percentage of immunopositive

cancer cells\1%) or the Allred score is 0 or 2 for both ER

and PgR, and the HER2 score is 0 or 1?, or when the

HER2 score is 2? without HER2 gene amplification.

Although TNBCs account for only 10–17% of all breast

carcinomas, this subgroup is regarded as important clini-

cally because of the aggressive clinical behavior, poorer

patient prognosis, and lack of an established therapeutic

target.

Clinicopathological characteristics

TNBCs were characterized by younger patient age, prev-

alence in African-American women, and clinical aggres-

siveness with the majority of deaths occurring within the

first 5 years following therapy [10]. On the other hand, the

rates of late recurrences and deaths became reduced. In

node-negative T1 patients, the disease-specific survival rate

of patients with TNBC was lower than for those with ER-

positive breast cancer but higher than for those with ER-

negative, HER2-positive breast cancer [11].

In the clinical studies to examine the efficacy of taxane-

based adjuvant chemotherapy to node-positive breast can-

cers, taxanes (paclitaxel and docetaxel) were shown to

significantly improve the prognosis of patients with TNBC

[12, 13]. Liedtke et al. compared response to neoadjuvant

therapy and long-term survival in 255 patients with stage I–

III TNBC and 863 patients with stage I–III non-TNBC

[14]. They concluded that TNBC compared with non-

TNBC had significantly higher rates of pathologic com-

plete response (pCR) (22% vs. 11%, p = 0.034). Three-

year disease-free survival rates (63% vs. 76%) and overall

survival rates (74% vs. 89%) were also significantly lower

in patients with TNBC than in those with non-TNBC.

Patients with TNBC with residual disease had significantly

decreased overall survival compared with those with non-

TNBC with residual disease. No such significance was

observed among patients who achieved pCR. TNBCs were

also correlated with visceral metastases, lower incidence of

bone metastasis, and shorter post-recurrence survival [14].

In 92 patients who had received neoadjuvant chemo-

therapy against invasive TNBC in the National Cancer

Center Hospital (NCCH), pCR and near pCR (grade 2b)

were acquired in 29 (32%) and 6 (6.5%) patients, respec-

tively, and these rates in TNBCs were higher than those in

non-TNBCs [15].

The ratio of basal-like subtype in TNBC was estimated

to be up to 56–84% [10, 16]. Therefore, characteristic

histopathological features of TNBCs are similar with those

of the basal-like subtype. Characteristic histopathological

types that constitute TNBCs and basal-like subtype are

high-grade invasive ductal carcinoma of no special type,

typical medullary carcinoma, metaplastic carcinomas, and

adenoid cystic carcinoma (Fig. 1).

Among the high-grade invasive ductal carcinomas, a

large part of cases is made up of high-grade solid-tubular

carcinoma (also called as atypical medullary carcinoma).

Typical medullary carcinoma is defined as a well-circum-

scribed carcinoma composed of poorly differentiated cells

arranged in large sheets (syncytial architecture) with scant

stroma, with no glandular structures, and with a prominent

lymphoplasmacytic infiltrate, and with a pushing border of

invasion. Central geographic or comedo-type necrosis may

also be seen [17, 18]. Tumors showing the association of a

predominantly syncytial architecture with only two or three

of the other above-mentioned criteria are designated as

atypical medullary carcinoma [17, 18]. High-grade inva-

sive ductal carcinoma with a large central acellular zone is

also found relatively frequently in TNBCs [19, 20].

Metaplastic carcinomas are known to be a rare but

characteristic subgroup of TNBC and basal-like subtype.

They are aggressive, chemoresistant tumors characterized

by concurrence of a high-grade carcinoma component

(poorly differentiated ductal carcinoma) and extensive

metaplastic component comprising squamous and/or mes-

enchymal (spindle-cell, cartilaginous, and/or osseous)

metaplasia. In the classification by the Japanese Breast

Cancer Society, they are classified into squamous cell

carcinoma, spindle cell carcinoma, carcinoma with carti-

laginous and/or osseous metaplasia, and matrix-producing

carcinoma [21].

In the 92 patients who received neoadjuvant chemo-

therapy against TNBCs in the NCCH, 85 had invasive

ductal carcinoma of no special type (48 solid-tubular car-

cinomas, 35 scirrhous carcinomas, and 2 papillotubular

carcinomas), 4 had metaplastic carcinomas (spindle cell

carcinoma, squamous cell carcinoma, matrix-producing

carcinoma, and carcinoma with cartilaginous and/or
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osseous metaplasia), 2 had invasive lobular carcinomas,

and 1 had mucinous carcinoma [15]. There was no case of

typical medullary carcinoma or adenoid cystic carcinoma.

Eighty-three tumors were nuclear grade 3, 8 were grade 2,

and 1 was grade 1. In these 85 invasive ductal carcinomas,

atypical medullary features, central necrosis, and central

acellularity were common [15].

Immunohistochemical and molecular features

Luminal epithelial cells in the lactiferous ducts are thought

to differentiate from putative terminal-end-bud stem cells.

These stem cells differentiate into early transit cells and

subsequently to later transit cells in the terminal duct

lobular unit, and thereafter to the luminal epithelial cells or

myoepithelial cells in an alternating manner [22]. Because

myoepithelial cells are located in the basal layer, they are

also called basal cells. Immunohistochemically, the lumi-

nal epithelial cells are positive for CK8/18, CK19, epi-

thelial membrane antigen (EMA), and ER. On the other

hand, the myoepithelial/basal cells are positive for CK 14,

CK5/6, CK17, a-SMA, S100, p63, CD10, and EGFR.

Most of the breast cancers of luminal subtype and

ERBB2 subtype are believed to arise from the luminal

epithelial cells in the lactiferous duct. In contrast, basal-like

subtypes, including basal-like invasive ductal carcinoma,

no special type, metaplastic carcinomas, typical medullary

carcinoma, and adenoid cystic carcinoma, were shown to

have immunophenotypes of both luminal epithelial and

myoepithelial/basal cells [17]. Therefore, these carcinoma

types are considered to arise from early transit cells or

stem cells that retain their potential for bidirectional

differentiation.

Recently, the metaplastic carcinoma was shown to dis-

play mRNA profiles different from those of other compo-

nents of the basal-like subtypes [23]. The expression

profiles of metaplastic carcinomas were, similarly to a

recently identified claudin-low breast cancer subset, char-

acterized by low expression of GATA3-regulated genes

and of genes responsible for cell–cell adhesion with

enrichment for markers linked to stem cell function and

epithelial-to-mesenchymal transition. In that study, the

authors concluded that metaplastic carcinomas had a

tumorigenic signature defined using CD44?/CD24- breast

tumor-initiating stem cell-like cells [23].

Fig. 1 Characteristic microscopic features of triple-negative breast

cancers or basal-like subtype. a High-grade invasive ductal carci-

noma, no special type, with a large central acellular zone. The central

acellular zone appears to arise from extensive tissue infarction.

b High-grade invasive ductal carcinoma, no special type (solid-

tubular carcinoma or atypical medullary carcinoma), which is similar

to typical medullary carcinoma but does not completely meet its

criteria. c Matrix-producing carcinoma, a component of metaplastic

carcinomas, which is composed of overt invasive carcinoma and a

cartilaginous/osseous matrix with absence of an intervening zone of

spindle cells or an osteoclast component between the carcinoma

and the matrix. d Spindle-cell carcinoma, another component of

metaplastic carcinomas, which is composed of both spindle cells

mimicking mesenchymal cells and poorly differentiated carcinoma

cells. These carcinomas are high-grade, lack tubule formation, and

mostly have a scant stromal content and a pushing border of invasion
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Because DNA microarray technology is expensive and

cannot be used routinely, a number of immunohistochem-

ical studies of the TNBCs have been performed. In fact, the

consensus criteria for the basal-like subtype have not yet

been established. Nielsen et al. suggested four representa-

tive surrogate markers for the basal-like subtype: ER,

HER2, EGFR, and CK5/6 [4]. They reported that the

sensitivity and specificity of the combination of ER nega-

tivity, HER2 negativity, and EGFR and/or CK5/6 positivity

were 76 and 100%, respectively [4]. Other additional cri-

teria used for the basal-like subtype comprise (1) ER

negativity and HER2 negativity, and vimentin, EGFR,

CK8/18, and/or CK5/6 positivity, and (2) triple negativity,

and CK5/6 and/or EGFR positivity. Other markers that

have been included in the panel of myoepithelial/basal

biomarkers are laminin [24, 25], c-KIT [26], p63 [27],

nestin [28], osteonectin [29], caveolin 1 [30], and NGFR

[31] (Fig. 2). However, there are transitional components

that are ER-positive or HER2-positive in breast cancers

expressing CK5/6, EGFR, and vimentin. These entities

complicate the immunohistochemical definition of the

basal-like subtype.

The basal-like subtype is associated with aggressive

behavior, poor patient prognosis, and a specific pattern of

distant metastasis with an increased propensity for visceral

metastases to the brain and lung and less likelihood of

metastasizing to bone and liver [17]. As mentioned above,

the basal-like subtype has common histologic features with

TNBC, comprising a high histological tumor grade,

marked cellular pleomorphism, lack of tubule formation,

frequent lymphocyte infiltration, scant stromal content, a

pushing border of invasion, central geographic or comedo-

type necrosis, and central acellularity [17].

There are many studies on genetic alterations in TNBCs,

especially in basal-like subtypes. Some reports have shown

that p53 mutations and inactivation of the Rb pathway

occur in the basal-like subtype [5, 32]. Calza et al. have

reported that p53 gene mutations occur in 65% of basal-

like subtypes, compared with only 3.7% of the normal

breast subtype [33]. Another study has reported that either

p53 gene mutation or diffuse nuclear p53 immunoreaction

is detectable in 85% of basal-like subtypes [10]. The cor-

relations among TNBCs, a basal-like subtype, and p53

alterations are presented schematically in Fig. 3.

DNA microarray analysis has shown that breast carci-

nomas occurring in patients with germ-line BRCA1 gene

mutations tend to fall into the basal-like category. In fact,

BRCA1-mutation-related breast cancers and basal-like

subtypes have similar clinical and pathological character-

istics, and are suggested to share similar carcinogenetic

pathways. Regardless of the presence of BRCA1 mutations,

there is lower BRCA1 mRNA expression in sporadic cases

of the basal-like subtype. It is believed that this may be the

result of epigenetic mechanisms such as acquired DNA

hypermethylation of the BRCA1 gene promoter or dys-

function of the upstream pathways that regulate BRCA1

expression. DNA methylation of the BRCA1 promoter has

been found frequently in typical medullary carcinoma and

metaplastic carcinomas, while other mechanisms have been

considered to account for BRCA downregulation in the

basal-like subtype of invasive ductal carcinoma, no special

type [16, 17, 34].

Future prospects

Although taxanes were shown to be effective for TNBCs in

clinical trials [12, 13], there are a number of cases resistant

to taxanes. It has been suggested that BRCA1 downregu-

lation gives rise to the defects in DNA repair, especially in

Fig. 2 List of luminal epithelial cell markers and basal/myoepithelial

cell markers. Left markers for luminal epithelial markers; right those

for basal/myoepithelial markers

Fig. 3 Schematic representation of relationships among triple-nega-

tive breast cancer (TNBC), basal-like subtype, and p53 gene

mutation. TNBC is composed of the basal-like subtype and normal

breast (or unclassified) subtype. Of the basal-like components, 56–

84% are included among the TNBCs. Breast cancers harboring p53
mutation account for 28% of all TNBCs, while breast cancers

harboring p53 mutation or showing immunohistochemical positivity

for p53 account for 85% of all basal-like breast cancers. BC, basal-

like; p53, p53 gene mutation or p53 protein accumulation in nuclei;

TN triple-negative
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homologous recombination, and BRCA1 dysfunction con-

fers enhanced sensitivity to certain cross-linking agents,

such as platinum salts-based chemotherapeutic agents.

There are a number of clinical trials testing the efficacy of

platinum salts for the management of TNBCs [10]. A

neoadjuvant trial of a single cisplatinum agent for 28

women with TNBC showed a pCR rate of 22% [35]. The

poly ADP-ribose polymerase (PARP) directly binds to

damaged DNA and is involved in DNA-base excision

repair. It has been shown that BRCA2-deficient cells are

extremely sensitive to PARP inhibition [36]. Phase I and

phase II trials to examine the safety and efficacy of a PARP

inhibitor are ongoing for ovarian and breast cancers

occurring in BRCA carriers [37]. It was suggested that the

EGFR inhibitors or KIT inhibitors might be effective in

cases of basal-like breast cancer because of frequent

overexpression of EGFR and KIT. However, molecular-

targeted therapies to the EGFR or KIT were not very

effective.

In the analysis of alterations in chromosome copies

using array-comparative genomic hybridization (CGH),

Adelaide et al. compared genomic alterations between

luminal A and basal-like subtypes, confirming that frequent

copy number alterations ([20% of cases) in luminal sub-

types were gains of 1q, 8p12-pter, 8q21-qter, 14q13–q14,

14q11, 12p13, and 17q23, and losses of 1p36-pter, 2qter,

3p14, 4q34–q35, 6q, 8p21-pter, 9qter, 16q, 17p13-pter,

19pter, and 22q [38]. On the other hand, frequent copy

number alterations in basal-like subtypes were gains of 1q,

3q24–q27, 8p11–p12, 8q21-qter, 10p, 12p13-pter, and

17q25-qter and losses of 4q13–q14, 4q34–q35, 5q, 8p21-

pter, and 14q21 [38].

Among the basal-like subtype, two distinct variations,

i.e., medullary carcinoma and ductal grade 3 carcinoma,

show different profiles of chromosomal copy number

alterations. Gains of chromosomal regions 4q34 and 12p13

and loss of 4q32–q33, 11q13, and 15q11 were associated

with medullary carcinomas, whereas gains of 1q23–q24,

1q42, 5p13, 5q35, 8p23, 15q13, and 16p12 correlated with

ductal carcinoma grade 3. The differences confirm that the

basal-like subtype comprises a heterogeneous set of poorly

differentiated carcinomas [38]. They discovered several

proto-oncogenes on the chromosome loci that showed a

distinct increase in copy number.

Chin et al. also studied genomic aberrations linked to

the intrinsic phenotype of breast cancers using array-CGH

technology [39]. Although high-level amplification at any

locus was infrequent in the basal-like tumors, these

tumors were relatively enriched for low-level copy num-

ber gains involving 3q, 8q, and 10p, and losses involving

3p, 4p, 4q, 5q, 12q, 13q, 14q, and 15q [39]. From these

analyses new molecular targets are expected to be

identified.

Several problems with TNBCs remain to be solved.

With regard to the basal-like subtype, which constitutes a

majority of TNBCs, consensus on the standard criteria has

not established for staining and scoring of basal markers

using immunohistochemistry. Furthermore, it now has been

shown that the basal-like subtype comprises heterogeneous

groups. At present, [30% of TNBCs are sensitive to

standard anthracyclin-taxane-based regimens, but it is

impossible to predict efficiently the chemosensitive

TNBCs histopathologically or by specific biomarkers. For

the identification of new targets of molecular therapies and

of chemosensitive TNBCs, further research is necessary.
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