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Abstract Triple negative breast cancer (TNBC) is im-

munohistochemically characterised by the lack of ex-

pression of the estrogen receptor (ER), progesterone

receptor (PR), and human epidermal growth factor re-

ceptor type 2 (HER2). TNBC is known for its poor

prognosis and high recurrence probability. There is no

effective targeted treatment for TNBC, but only adjuvant

chemotherapies. There are two TNBC subtypes, basal-like

and non-basal-like, which are defined based on positive

cytokeratin (CK) 5/6 and/or epidermal growth factor re-

ceptor (EGFR) expression. In particular, CK5/6 expres-

sion is reported to correlate with TNBC recurrence.

TNBC lacks ER-a expression, but some TNBCs are

known to express the androgen receptor (AR). Moreover,

although p53 accumulation is detected in various malig-

nant tumors, its influence on adjuvant chemotherapy for

patients with TNBC remains unclear. The aim of this

study was to assess the combined immunohistochemical

expression of CK 5/6, AR, and p53 as a potential prog-

nostic marker of adjuvant chemotherapy for patients with

TNBC. The expression of CK5/6, AR, and p53 in for-

malin-fixed and paraffin-embedded (FFPE) surgical sec-

tions from 52 patients with TNBC was analysed by

immunohistochemistry (IHC) and the co-expression pat-

terns in individual cells were investigated by im-

munofluorescent (IF) staining. Low AR expression was

correlated with high clinical stage (P\ 0.05) and low

nuclear grade (P\ 0.05). The expression of CK5/6 and

p53 did not correlate with clinicopathological features.

Patients who needed adjuvant chemotherapy presented the

worst prognosis. In particular, when the IHC expression

pattern was CK5/6 (-), AR (-), and p53 (?), the disease

free survival (DFS) and overall survival (OS) were the

worst. On the other hand, patients with AR (?) and p53

(-) TNBC presented a good prognosis. The analysis of

the co-expression status of these three markers showed

that no cells presented both AR and CK5/6 expression.

Furthermore, TP53 mRNA expression was higher in pa-

tients with AR-negative TNBC (P\ 0.05) and in patients

with the worst prognosis (P\ 0.05) than in the other

patients. These results suggested that, in patients with

CK5/6-negative TNBC, AR expression correlated with

good prognosis, but p53 accumulation correlated with

poor prognosis. The present IHC markers allowed us to

predict the post-surgery prognosis of patients with TNBC.

In conclusion, TNBCs are heterogeneous. Patients with

the CK5/6 (-), AR (-), and p53 (?) TNBC subtype,

evaluated by IHC, presented the worst prognosis. These

IHC markers will be helpful to follow patients with

TNBC.
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Introduction

Breast cancer is a heterogeneous disease with different

forms that vary in morphology, biology, behaviour, and

response to therapy. In 2000, Charles et al. identified sev-

eral breast cancer subtypes by DNA microarray analysis;
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the prognosis for each of these subtypes differed sig-

nificantly [1]. Sorlie et al. categorised breast tumors into

five groups, luminal A, luminal B, human epidermal

growth factor receptor type 2 (HER2), normal breast-like,

and basal-like [2]. These intrinsic subtypes are defined as

follows: the luminal A subtype is positive for estrogen

receptor a (ER-a) and/or progesterone receptor (PR) and

negative for HER2, the luminal B subtype is positive for

ER-a and/or PR and positive for HER2 and/or the Ki67

score is over 14 %, the HER2 subtype is positive for HER2

but negative for ER and PR. Within the ER/PR/HER2

triple-negative phenotype, basal-like breast cancers are

positive for basal cytokeratin (CK) 5/6, CK14, and CK17

and/or epidermal growth factor receptor (EGFR) and others

are subtyped as normal breast-like breast cancers [3]. In

clinical studies, CK5 was a more sensitive and specific

biomarker than EGFR for basal-like breast cancer [4].

Moreover, positive CK5/6 correlated with worst recurrence

in conjunction with c-Met expression and PTEN loss [5]

and worst tumor grade [6]. Normal breast-like and basal-

like subtypes are known as triple-negative breast cancers

(TNBCs) that account for approximately 15 % of all types

of breast cancer [7, 8]. This subtyping is important to select

effective therapeutic strategies for breast cancer. For in-

stance, anti-estrogens such as tamoxifen are selected to

treat patients with the luminal subtypes, which express ER-

a and/or PR. Additionally, molecular targeted therapies

such as Herceptin� (trastuzumab) are selected to treat pa-

tients with HER2 overexpression or HER2 gene amplifi-

cation. Patients with the TNBC subtype cannot be treated

by using the current targeted therapies and usually present

a worse prognosis than ER-a-positive breast cancer pa-

tients [2, 4, 5]. However, TNBCs still present some

heterogeneity in term of biology, prognosis, and treatment

sensitivity. TNBC cell lines have been classified by gene

expression profiling and the therapeutic response of each

subtype cell line was reported to be different [6, 9].

While TNBCs are negative for ER-a and PR expression,

androgen receptor (AR) is reported to be expressed in

10–43 % of TNBCs [10, 11]. Sex steroids are thought to

play important roles in the development of hormone-de-

pendent human breast carcinoma [12]. Estrogens are the

major sex steroids and contribute to tumor growth by

binding with ER in breast carcinoma [12]. Invasive ductal

breast carcinoma is ER-a negative, but AR positive, which

activates the same transcription factors as ER-a [13]. AR

expression in breast cancer is associated with an increase in

cell proliferation through AR signalling [14]. However, the

correlation between AR expression and prognosis remains

unclear, because of conflicting reports regarding the in-

fluence of AR on tumor progression [7, 11, 15]. Henley

et al. suggested that the lack of AR expression may play a

critical role in the transformation of high-grade ductal

carcinoma in situ (HG-DCIS) to high-grade invasive ductal

carcinoma (HG-IDC) [16]. Moreover, androgen exerts a

predominant inhibitory effect on the growth of breast

cancer cells, both in vitro and in vivo, potentially through

the induction of apoptosis [17]. Conversely, loss of AR was

associated with poor prognosis in lymph node-positive ER/

PR/Her2-negative breast cancers [18]. Additionally, in ER-

a–negative breast cancer, the androgenic action may be

mediated via direct interaction of dihydrotestosterone

(DHT) metabolites with AR, regulating growth inhibition

[19]. DHT concentrations have been correlated with TP53

and TP21 mRNA levels in a prostate cancer cell line [20].

In particular, the TP53 gene, which is a tumor suppressor

gene located at 17p13, has been reported to be present in

more than half of all cancers. It is related to poor prognosis

and chemoresistance [21]. TP53 gene mutations are also

found in 20–35 % breast carcinomas and are strongly as-

sociated with the ‘basal-like’ and ‘HER2?’ subtypes [22].

Although the TP53 gene mutation status in almost all

TNBC cell lines has been reported [6, 9], a correlation

between TP53 status and prognosis has not been found.

The aim of this study was to investigate the correlation

between CK5/6, AR, and p53 expression and cancer prog-

nosis. In particular, we investigated the potential of these

markers to predict the prognosis of patients with TNBC after

surgery. We assessed the expression of CK5/6, AR, and p53

by immunohistochemistry (IHC) and their co-expression

status was observed by morphological immunofluorescence

double staining. Moreover, TP53 mRNA levels in AR-

positive TNBC or in AR-negative TNBC were also inves-

tigated by molecular analysis using laser microdissection

(LMD) and quantitative real time reverse transcription-

polymerase chain reaction (qRT-PCR) techniques, in order

to determine the influence of AR expression on p53.

Materials and methods

Patients

Information from a total of 383 patients who were diag-

nosed with breast cancer and underwent modified radical

mastectomy from 2000 to 2007 at the University Itabashi

Hospital was obtained regarding ER, PR, and HER2 status.

Of these cases, 52 patients (21.6 %) who were patho-

logically diagnosed with primary triple-negative invasive

breast cancer were recruited in this study. The study was

approved by the institutional review board of Nihon

University Itabashi Hospital. All specimens were fixed

with 20 % formalin and embedded in paraffin. The patients

did not receive irradiation, chemotherapy, or hormonal

therapy before surgery. Patient characteristics are presented

in Table 1.
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Immunohistochemistry

Immunohistochemistry (IHC) was carried out on 10 %

formalin fixed paraffin embedded (FFPE) tissue sections

using SimpleStain MaxPO Multi polymer system (Nichirei

Biosciences Inc., Tokyo, Japan) and an autostainer (His-

tostainer, Nichirei Biosciences Inc.). For antigen retrieval,

dewaxed, 4-lm tissue sections were autoclaved in citrate

buffer (pH 6.0) for 15 min at 121 �C and cooled at room

temperature. After washing several times in PBS pH 7.2,

sections were processed to quench the endogenous per-

oxidase activity with 0.3 % hydrogen peroxide and to

block non-specific binding with 1 % goat serum. Sections

were incubated with each primary antibody, anti-mouse

monoclonal CK5/6 antibody (Clone D5/16B4, 1:100,

Dako, Glostrup, Denmark), anti-mouse monoclonal AR

antibody (Clone AR441, 1:100, Dako), and anti-mouse

monoclonal p53 (Clone DO-7, 1:100, Dako), for 30 min at

room temperature. Lung squamous cell carcinoma, normal

testis, and brain tumor were used as positive controls for

CK5/6, AR, and p53, respectively. The epitope of anti-p53

antibody DO-7 is localised in the amino terminal domain,

where rare TP53 gene mutations occur. However, this anti-

p53 antibody detects the accumulation of mutated p53

proteins, because wild-type p53 protein is only present in

small amounts in normal cells and cannot be detected by

IHC with this antibody [23, 24]. Negative controls were not

incubated with the primary antibody, but with dilution

buffer. The tissue-bound HRP activity was visualized by

immersing the sections in 0.005 % 3,30-diaminobenzidine

tetrahydrochloride (DAB) in PBS containing hydrogen

peroxide (10 lL/150 mL DAB solution). Each section was

counterstained with haematoxylin. In this study, the

membranous expression of CK5/6 in more than 10 % of the

Table 1 AR and p53 protein expression and clinicopathological status of patients with triple-negative breast cancer

Category Total Positive CK5/6 expression Positive AR expression Positive p53 expression

Number % Number (%) Number (%)

Histology

Papillotubular carcinoma 20 11 55.0 8 40.0 14 70.0

Solid-tubular carcinoma 10 6 60.0 4 40.0 8 80.0

Scirrhous carcinoma 11 5 45.5 7 63.6 8 72.7

Intraductal 4 3 75.0 4 100 3 75.0

Other 7 3 42.9 1 14.3 2 28.6

Age

\35 5 2 40.0 1 20.0 3 60.0

B35 47 26 55.3 23 48.9 32 68.1

Stage

I 25 12 48.0 16 64.0 18 72.0

II 16 6 37.5 6 37.5 10 62.5

III 11 7 63.6 1* 9.1 7 63.6

Nuclear grade

1 13 3 23.1 10 76.9 10 76.9

2 10 6 60.0 6 60.0 8 80.0

3 29 19 65.5 7** 24.1 12 41.4

Tumor size (cm)

B2 30 17 56.7 17 56.7 23 76.7

2\; B5 18 7 38.9 6 33.3 12 66.7

5\ 4 4 100.0 0 0.0 2 50.0

Lymph node status

Negative 35 18 51.4 19 54.3 23 65.7

Positive 17 10 58.8 5 29.4 14 82.4

CK5/6 expression

Positive 28 – – 10 35.7 18 64.3

Negative 24 – – 14 58.3 17 70.8

Total 52 28 24 46.2 37 71.2

* P\ 0.05, ** P\ 0.01 Pearson’s Chi squared test with Yate’s correction
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tumor cells, the nucleic expression of AR in more than 5 %

of the tumor cells, and nucleic expression of p53 in more

than 1 % of the tumor cells were considered positive [7,

25].

Immunofluorescence

Sections (4-lm thick) were cut and dewaxed with xylene

and ethanol. Formalin was then eliminated by treatment

with 5 % ammonia and 95 % ethanol for 30 min at room

temperature (RT). For antigen retrieval, tissue sections

were autoclaved in citrate buffer (pH 6.0) for 15 min at

121 �C and cooled down at RT. After washing, sections

were incubated with the three set mixed primary antibody

including (A) anti-mouse monoclonal CK5/6 antibody

(Clone D5/16B4, 1:100, Dako) and anti-rabbit monoclonal

p53 antibody (Clone EPR17343, 1:500, Abcam, Cam-

bridge, UK), (B) anti-mouse monoclonal CK5/6 antibody

(Clone D5/16B4, 1:100, Dako) and anti-rabbit monoclonal

AR antibody (Clone D6F11, 1:400, Cell Signaling Tech-

nologies, Danvers, MA, USA), and (C) anti-mouse

monoclonal p53 antibody (Clone DO-7, 1:50, Dako) and

anti-rabbit monoclonal AR antibody (Clone D6F11, 1:400,

Cell Signaling Technologies) for 30 min at RT. After

washing with PBS, sections were incubated with Alexa

Fluor� 488 labelled anti-rabbit IgG in goat serum (1:500)

and Alexa Fluor� 594 labelled anti-mouse IgG with goat

serum (1:500) for 30 min at RT. After washing with PBS,

sections were mounted with ProLong� Diamond Antifade

Mountant with DAPI (Thermo Fisher Scientific Inc.,

Waltham, MA, USA). Images were acquired using an

Olympus IX71 fluorescence microscope (Olympus, Tokyo,

Japan) and color images were generated using the Lumina

Vision software (Mitani co., Tokyo, Japan) as follows. The

signal of Alexa Fluor� 594 was visualized as red (CK5/6)

and Alexa Fluor� 488 as pink (p53) in mixed primary

antibody set A, the signal of Alexa Fluor� 594 was visu-

alized as red (CK5/6) and Alexa Fluor� 488 as green (AR)

in set B, and the signal of Alexa Fluor� 594 was visualized

as pink (p53) and Alexa Fluor� 488 as green (AR) in set C.

Total RNA extraction from microdissected tumor

tissue

Eight -lm thick FFPE sections were mounted on mem-

brane film-coated glass slides. After dewaxing with xylene

and ethanol, the sections were lightly stained with toluidine

blue. The target tumor areas were then microdissected

using a laser assisted microdissection system (PALM

MBIII-N, Zeiss, Oberkochen, Germany). The microdis-

sected target tumor cells were retrieved precisely into an

Eppendorf lid with mineral oil. The laser assisted mi-

crodissection procedures have been previously described

[26]. Additionally, benign mammary epithelial cells were

also microdissected from 2 TNBC tissue sections.

The target tumor cell sample was mixed with 200 lL of

denaturing buffer containing 2 % SDS, 0.1 mM EDTA,

10 mM Tris–HCl. The samples were then incubated at

55 �C with proteinase K until sections were completely

dissolved. Total RNA was purified with 20 lL 2 M sodium

acetate (pH 4.0), 220 lL citrate saturated phenol (pH 4.3),

and 60 lL chloroform-isoamyl alcohol, centrifuged for

15 min at 15,000 rpm, and the upper aqueous layer was

transferred into new tubes. Two hundred microliter of

isopropanol and 2 lL of glycogen were added as a carrier

and the samples were stored at -80 �C for more than

30 min, centrifuged at 14,000 rpm, washed with 70 %

ethanol, and air dried on ice. They were then dissolved with

5–10 lL of RNase free water and quantified at the 260 nm

optical density using Nanodrop 1000 (Thermo Fisher Sci-

entific Inc.). Total RNA samples were stored at -80 �C
until use. Both genomic DNA elimination and cDNA

synthesis were performed by using QuantiTect Reverse

Transcription Kit (QIAGEN, GmbH, Hilden, Germany)

according to the manufacturer’s instructions.

Measurement of TP53 mRNA expression

by quantitative real-time RT-PCR

Quantities of mRNA for TP53 and glyceraldehyde

3-phosphate dehydrogenase (GAPDH) as an internal control

were measured by quantitative real-time RT-PCR (qRT-

PCR). qRT-PCR was performed with SYBR Green PCR

Master Mix (Thermo Fisher Scientific Inc.). The forward

and reverse primers were as follows: TP53 that was coding

the proline rich rare mutated domain near the amino ter-

minus of TP53 50-gaagacccaggtccagatga-30 and 50-
ttctgggaagggacagaaga-30, and GAPDH 50-ggaaggtgaag-
gtcggagtca-30 and 50-gtcattgatggcaacaatatccact-30. qRT-

PCR amplification and data analysis were performed by

using ABI Prism 7000 Sequence Detection System (Thermo

Fisher Scientific Inc.), with a 20 lL final reaction mixture

containing 900 nmol/L each primer, 19 SYBR Green PCR

Master Mix (Thermo Fisher Scientific Inc.). The reaction

mixture was preheated at 95 �C for 10 min, followed by 45

cycles at 95 �C for 15 s and 60 �C for 1 min. Each TP53

mRNA relative value against the quantity of GAPDH

mRNA was measured by using the DDCt method [27].

Statistical analysis

Statistical analyses were performed using SPSS� Statistics

version 20.0 (IBM Japan, Tokyo, Japan). The significance

of the difference between the immunohistochemical ex-

pression of each target protein and patients’ clinicopatho-

logical status was evaluated by Chi squared test and Chi
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squared test with Yates’ correction. Correlation between

TP53 mRNA expression levels and patient prognosis was

determined by Mann–Whitney’s U test. While all patients,

for whom complete clinical information was obtained,

were investigated and followed up for 6–12 years, the

number of patients who had events like recurrence and/or

death was not enough to be analysed by Kaplan–Meier log-

rank test. In this study, survival analyses were performed

by using the data of disease free survival rate (DFS, %) and

overall survival rate (OS, %).

Results

Detection of CK5/6, AR, and p53

by immunohistochemistry

In specimens from patients with TNBC, CK5/6 was ex-

pressed in the cell membrane (Fig. 1a) in 28 cases (53.8 %,

Table 1), but did not correlate with clinicopathological

features. AR was expressed in the cytoplasm and nucleus

of tumor cells (Fig. 1b) in 24 cases (46.2 %, Table 1). The

number of patients with positive AR expression was sig-

nificantly lower in the high clinical stage group (P\ 0.05),

and in the worst nuclear grade group (P\ 0.05). AR

tended to be higher in CK5/6-negative cases (58.3 %,

Table 1), but no significant correlation was observed.

Although p53 was expressed in the tumor cell nucleus

(Fig. 1c) in 37 cases (71.2 %, Table 1), no correlation with

clinicopathological features was detected. On the other

hand, in benign mammary epithelium cells, strong CK5/6

expression and lower AR and p53 expression were detected

(Fig. 1d–f, respectively).

CK5/6, AR, and p53 co-expression status

CK5/6, AR, and p53 co-expression status was assessed by

immunofluorescence double staining as shown in Fig. 2. In

the present study, the three mixed primary antibody set

were used and the images were visualized using three

colors as red (CK5/6), green (AR), and pink (p53). These

color images were merged. Each typical type of TNBC

with AR-only nucleic staining (Fig. 2a), p53-only nucleic

staining (Fig. 2b), and CK5/6-only membranous and/or

cytoplasmic staining (Fig. 2c) are shown. Double-positive

TNBC types expressed both AR and p53 in the tumor cell

nucleus (Fig. 2e, arrows) and CK5/6 and p53 in the cyto-

plasm and nucleus, respectively (Fig. 2f, arrows). Although

there were few cases in which both CK5/6 and AR were

expressed (Fig. 2g), membranous CK5/6 expression and

nuclear AR expression were observed in different cells.

Moreover, because cells with CK5/6, AR, and p53 triple

expression were not found, the triple positive type

corresponded to the heterogeneous combination of these

expression types.

Immunohistochemical expression and patients’

prognosis

Most patients with TNBC can only be treated by surgery

and the indication for adjuvant chemotherapy is determined

according to the National Comprehensive Cancer Network

Practice Guidelines in Oncology (NCCN guidelines�). For

instance, adjuvant chemotherapy after surgery is recom-

mended to patients with tumor larger than 1 cm and with

primary tumor classified as pT1 (2 cm or less), pT2 (more

than 2 cm, but not more than 5 cm), or pT3 (more than

5 cm). The pathological classification requires the resec-

tion and examination of at least the low axillary lymph

node. Patients can then be classified as pN0 (no regional

lymph node metastasis), pN1mi (micrometastasis larger

than 0.2 mm and/or more than 200 cells, but none larger

than 2 mm), or with positive lymph node metastasis. We

investigated the correlation between AR and p53 expres-

sion and the prognosis of patients with TNBC receiving or

not adjuvant chemotherapy. Patients who did not receive

adjuvant chemotherapy presented a good prognosis

(Table 2) regardless of AR and p53 expression. On the

other hand, patients who received adjuvant chemotherapy

presented a significantly worst DFS (P\ 0.01) and OS

(P\ 0.05). DFS and OS tended to be worst in the patient

group with positive p53 expression (P = 0.06 and 0.08,

respectively). The correlation between CK5/6, AR, and p53

expression and prognosis of patients with TNBC who re-

ceived adjuvant chemotherapy is presented in Table 3. The

correlation between CK5/6 expression and prognosis was

not significant. In CK5/6-positive patients with TNBC,

AR-negative patients presented the worst DFS, but no

significant correlation was observed. In CK5/6-negative

patients, p53-positive patients presented the worst DFS and

OS, but no significant correlation was detected. Further-

more, the prognosis of patients with TNBC correlated with

the combined expression of AR and p53 in both CK5/6-

positive and -negative cases (Table 4). The worst prog-

nostic group corresponded with negative CK5/6 and AR

expression, but positive p53 expression (P\ 0.05). How-

ever, no significance was detected by Chi squared test with

Yate’s correction, because of the small sample size. Pa-

tients with positive AR and negative p53 expression sur-

vived (100 %) instead of CK5/6 expression.

TP53 mRNA expression levels and prognosis

of patients with CK5/6-negative TNBC

In this study, TP53 mRNA expression levels were mea-

sured in the tumor cells that were microdissected from

Med Mol Morphol (2016) 49:11–21 15
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FFPE sections of CK5/6-negative patients with TNBC.

TP53 mRNA expression levels were significantly higher in

malignant tumor cells microdissected from tissue sections

patients with TNBC with good and poor prognosis than in

benign mammary epithelial cells from the tissue sections of

2 patients with TNBC (0.02 ± 0.04 and 0.005 ± 0.004,

respectively, P = 0.04, Fig. 3). TP53 mRNA expression

levels tended to be higher in patients who had the worst

prognosis (surviving with tumor and/or not-surviving) than

in patients without tumor (0.07 ± 0.07 and 0.007 ± 0.01,

respectively, P = 0.05, Fig. 3).

The results of the correlation between TP53 mRNA

expression levels, patients’ prognosis, and AR expression

are shown in Fig. 4. TP53 mRNA expression levels were

higher in patients with cancer recurrence than in patients

without recurrence (0.05 ± 0.06 and 0.007 ± 0.02, re-

spectively, P = 0.04, Fig. 4a); the levels were also higher

in patients who died than in patients who survived

(0.07 ± 0.06 and 0.007 ± 0.01, respectively, P = 0.03,

Fig. 4b). TP53 mRNA expression was significantly higher

in the AR-negative group than in the AR-positive group

(0.09 ± 0.06 and 0.01 ± 0.02, respectively, P = 0.04,

Fig. 4a) in patients with cancer recurrence. Moreover, in

patients who did not survive, TP53 mRNA expression was

significantly higher in the AR-negative group than in the

AR-positive group (0.10 ± 0.06 and 0.02 ± 0.00, respec-

tively, P = 0.03, Fig. 4b). In both CK5/6- and AR-nega-

tive patients with TNBC, TP53 mRNA expression level

was significantly higher in both patients with cancer re-

currence and in those who did not survive.

Discussion

Cancer is heterogeneous, and genetic information is im-

portant to choose effective therapeutic strategies [4]. In

breast cancer, different subtypes have been classified by

using data from genomic studies [1]. For instance,

Fig. 1 Immunohistochemical expression of CK5/6, AR, and p53

(940). Positive expression, measured by IHC, in TNBC cases is

shown in a, b, and c. CK5/6 is expressed in the tumor cytoplasm and

membrane (a). AR is expressed in the tumor cell nucleus and slightly

expressed in the cytoplasm (b). p53 is expressed in the tumor cell

nucleus (c). Benign regions are shown in d (strong membranous

expression of CK5/6), e (low AR expression), and f (low p53

expression). Negative controls are shown in g (CK5/6), h (AR), and

i (p53). The bar in each figure indicates 50 lm
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hormonal breast cancer therapy is selected for patients who

express hormone receptors (ER-a and PR), and molecular

targeted therapy is prescribed to patients who present

HER2 amplification. On the other hand, most patients with

TNBC (without ER, PR, and HER2 expression) are known

to present the worst prognosis and no specific and effective

therapy is available for such cases. However, it does not

mean that all patients with TNBC present a poor prognosis.

Fig. 2 Merged color images of

immunofluorescence staining

were showed the expression

pattern of CK5/6, AR, and p53

(9100 oil). a AR (?, green,

nuclei), p53 (-), and CK5/6 (-)

type. b AR (-), p53 (?, pink,

nuclei), and CK5/6 (-) type.

c AR (-), p53 (-), and CK5/6

(?, red, tumor cytoplasm and

membrane) type, d AR (-), p53

(-), and CK5/6 (-) type, and

nuclei were stained with DAPI

(blue). e AR (?, green, nuclei),

p53 (?, pink, nuclei), and CK5/

6 (-) type (arrows). f AR (-),

p53 (?, pink, nuclei), and CK5/

6 (?, red, tumor cytoplasm and

membrane) type (arrows). g AR

(?, green, nuclei), p53 (-),

CK5/6 (?, red, tumor

cytoplasm and membrane) type.

However, green and red images

were found in individual cells

(color figure online)

Table 2 Correlation between AR and p53 overexpression and prognosis of patients with or without adjuvant chemotherapy

Adjuvant chemotherapy Total AR p53

DFS (%) OS (%) Protein expression DFS (%) OS (%) Protein expression DFS (%) OS (%)

Not done (n = 22) 95.5 100 ?(n = 11) 100 100 ?(n = 15) 95.5 100

-(n = 11) 95.5 100 -(n = 7) 100 100

Done (n = 30) 60.0* 83.3* ?(n = 6) 33.3 83.3 ?(n = 20) 45.0 75.0*

-(n = 24) 62.5 83.3 -(n = 10) 80.0 100

The indication for adjuvant chemotherapy is determined according to the National Comprehensive Cancer Network Practice Guidelines in

Oncology (NCCN guidelines�)

DFS disease free survival rate, OS overall survival rate

* P\ 0.05 Pearson’s Chi squared test

Table 3 Correlation between CK5/6, AR, and p53 overexpression and prognosis of patients receiving adjuvant chemotherapy

CK5/6 protein expression Total AR p53

DFS (%) OS (%) Protein expression DFS (%) OS (%) Protein expression DFS (%) OS (%)

Positive (n = 14) 64.3 78.6 ?(n = 1) 100 100 ?(n = 10) 60.0 77.8

-(n = 13) 53.8 83.3 -(n = 4) 75.0 100

Negative (n = 15) 53.3 80.0 ?(n = 5) 40.0 80.0 ?(n = 10) 40.0 70.0*

-(n = 10) 60.0 72.7 -(n = 5) 80.0 100

DFS disease free survival rate, OS overall survival rate

* P\ 0.05 Pearson’s Chi squared test with Yate’s correction

Med Mol Morphol (2016) 49:11–21 17

123



In fact, there are individual differences in the prognosis

after surgery. In this study, we investigated whether or not

CK5/6, AR, and p53 correlated with the prognosis of pa-

tients with TNBC after surgery. In our presented TNBC

cases, low risk patients, who required no adjuvant

chemotherapy according to the clinical guidelines, pre-

sented a good prognosis. Only some of the high-risk pa-

tients, who required adjuvant chemotherapy according to

the clinical guidelines, presented the worst prognosis. We

attempted to classify the high-risk patients who needed

adjuvant chemotherapy based on the immunohistochemical

staining for CK5/6, AR, and p53. These immunohisto-

chemical markers have been heavily used in breast cancer.

CK5/6 is one of the basal-like subtype markers and its

correlation with worst recurrence of patients with TNBC

has been reported [28]. Loss of AR is associated with poor

prognosis in patients with lymph node-positive ER/PR/

Her2-negative breast cancer [18]. While most of the anti

p53 antigens detect the amino terminus domain of p53

protein, wild type p53 protein is not detected because wild

type p53 exists in small amount in normal cells, but mutant

p53 proteins are detectable in malignant cells [23, 24, 29].

In the present study, the patient group with negative CK5/6

and AR expression but positive p53 expression had the

worst DFS and OS. Additionally, the co-expression pattern

of CK5/6 and AR in a single cell was not found. Within the

same tumor, the cells of invasive ductal carcinoma did not

co-expressed CK5/6 and AR. Recently, AR expression was

shown to correlate with EGFR in patients with TNBC and

the antiproliferative effect of anti-androgen therapy with an

EGFR inhibitor was reported [30]. While both CK5/6 and

EGFR are basal-like breast cancer markers, the correlation

with AR expression may be quite different. Moreover,

Fig. 3 TP53 mRNA expression levels were significantly higher in

malignant tumor cells microdissected from tissue sections of patients

with CK5/6-negative TNBC, including patients with well and worse

prognosis, than in no-malignant mammary epithelial cells from 2

TNBC tissue sections (P = 0.04). A well prognosis indicates that the

patients survived without tumor and a worse prognosis indicates that

the patients with cancer recurrence and/or who did not survive. TP53

mRNA expression levels tended to be higher in patients who had the

worse prognosis than in patients who had a well prognosis (P = 0.05)

Table 4 Combined status of AR and p53 protein expression and prognosis of patients receiving adjuvant chemotherapy

Adjuvant chemotherapy Status of CK5/6 protein expression Status of AR and p53 protein expression n DFS (%) OS (%)

? ? AR (?), p53 (?) 3 0 100

? ? AR (?), p53 (-) 1 100 100

? ? AR (-), p53 (?) 7 71.4 85.7

? ? AR (-), p53 (-) 3 66.7 66.7

? - AR (?), p53 (?) 7 57.1 85.7

? - AR (?), p53 (-) 1 100 100

? - AR (-), p53 (?) 3 0.0* 33.3**

? - AR (-), p53 (-) 4 100 100

- ? AR (?), p53 (?) 4 100 100

- ? AR (?), p53 (-) 0

- ? AR (-), p53 (?) 4 75.0 100

- ? AR (-), p53 (-) 2 100 100

- - AR (?), p53 (?) 5 100 100

- - AR (?), p53 (-) 2 100 100

- - AR (-), p53 (?) 2 100 100

- - AR (-), p53 (-) 2 100 100

DFS disease free survival rate, OS overall survival rate

* P = 0.01 Pearson’s Chi squared test, P = 0.07 with Yate’s correction

** P = 0.02 Pearson’s Chi squared test, P = 0.124 with Yate’s correction

18 Med Mol Morphol (2016) 49:11–21

123



Pintens et al. reported that, within 25 patients with TNBC,

16.0 % of the cases presented EGFR (HER1) gene ampli-

fication and these were EGFR positive, but negative for

CK5/6 expression [31]. Patients with CK5/6-negative but

EGFR-positive TNBC may have to be classified as an in-

dependent subtype to consider the indication for EGFR

inhibitors. However, the present results suggest that pa-

tients with AR-positive and p53-negative TNBC presented

a good prognosis, although AR in breast cancer was re-

ported to increase cell proliferation via AR signalling [14].

Recently, TNBC cell lines were classified by using

molecular analyses [1, 6, 32]. According to TNBC sub-

types, based on genetic analyses, different

chemotherapeutic responses were studied in vitro [32]. In

the present study, we attempted to classify patients with

TNBC using immunohistochemical staining for CK5/6,

AR, and p53 as prognostic markers for adjuvant che-

motherapy in vivo. A simple IHC panel can be easily used

in clinical practice. Although TP53 gene mutations is re-

ported in almost all TNBC cell lines [6, 9], no significant

correlation between TP53 mutations and poor prognosis

has been found. In the CK5/6-negative TNBC group, TP53

mRNA expression level was higher in the AR-negative

group than in the AR-positive group and in patients who

died. Androgens are known as the main regulators of

prostate growth and differentiation [20]. However, the

biphasic effects of androgens and AR activities on prostate

cell proliferation have been reported [20, 21, 33]. TP53 and

TP21 mRNA levels depend on the concentration of dihy-

drotestosterone (DHT) in HNTEP cells. In cell lines with

wild type TP53 gene treated with DHT, the active AR

signalling pathway regulates p53 expression and induces

p53-dependent apoptosis and growth inhibition [20, 21].

The lowest concentration of DHT induced a decrease in

TP53 and TP21 mRNA expression in HNTEP cells [20].

However, in TP53 mutant cells, the active AR signalling

pathway did not regulate p53-dependent apoptosis, but

drug sensitivity increased [21]. In any case, TP53 and TP21

expression levels seem to depend on AR signalling activity.

On the other hand, AR downregulation through suppression

of p300, which is involved in p53 degradation through

ubiquitin [34], increased p53-dependent apoptosis [33].

Usually, a decrease in AR expression induces p21 and p53

downregulation and tumor progression. In the present

TNBC cases, TP53 mRNA levels were higher in the AR-

negative group, but patients presented the worst prognosis.

The present qRT-PCR method detected both wild type and

mutant TP53 mRNA. However, in benign mammary ep-

ithelium, p53 expression, measured by IHC, was quite low,

as was TP53 mRNA expression. Thus, the wild type p53 is

expressed in small amounts in benign cells. The IHC and

qRT-PCR methods used herein allowed the detection of

mutant p53 protein accumulation and mutant TP53 mRNA.

Thus, in patients with AR-negative TNBC, the tumor

progressed despite a higher TP53 mRNA expression, sug-

gesting that the aberrant p53 protein accumulation occurs

as a result of mutant TP53 mRNA overexpression. Further

studies are required to investigate the TP53 gene mutation

status. Our results show that TP53 mRNA expression level

was increased in patients with the worst prognosis. These

results suggest that the prognosis of high-risk patients after

surgery can be predicted by assessing the expression pat-

tern of CK5/6, AR, and p53 by IHC. Our results suggest

that the worst prognosis is associated with the following

expression pattern: CK5/6 (-), AR (-), and p53 (?).

Recent molecular subtyping has become an important tool

for the classification of various cancers. However, mor-

phological molecular analyses, in particular IHC, allow the

individual evaluation of molecular expression status under

the microscope, and can be applied for routine clinical tests

Fig. 4 TP53 mRNA expression levels were measured in microdis-

sected tumor cells from CK5/6-negative TNBC cases that needed

adjuvant chemotherapy. a In patients with TNBCs with recurrence,

TP53 mRNA expression level was higher than in patients without

cancer recurrence (P = 0.04). In particular, TP53 mRNA level was

higher in AR-negative tumors (P = 0.04) in patients with recurrence.

b TP53 mRNA expression level was higher in the non-surviving

patients than in those who survive (P = 0.03). In particular, TP53

mRNA expression was higher in AR-negative tumors (P = 0.03)

from patients who did not survived

Med Mol Morphol (2016) 49:11–21 19
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since it is a simple, effective, and low cost method. In

conclusion, TNBCs are heterogeneous and the expression

status of CK5/6, AR, and p53 assessed by IHC influences

the effect of adjuvant chemotherapy. The present results

indicate the potential of the evaluation of, in particular, AR

and p53 expression status in CK5/6-negative TNBC to

predict patients’ prognosis after surgery. These results

suggest that patients with CK5/6 (-), AR (?) and p53 (-)

TNBC presented the best prognosis, but patients with CK5/

6 (-), AR (-), and p53 (?) TNBC presented the worst

prognosis for adjuvant chemotherapy.
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