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ABSTRACT

Background. To investigate the prognostic significance of

altered breast cancer susceptibility gene 1 (BRCA1) and

p53 expression in triple-negative breast cancer (TNBC).

Methods. Immunohistochemical expression of BRCA1

and p53 was examined in the tumor tissues of 465 TNBC

cases and relations were sought with clinicopathological

features and patient survival.

Results. Loss of BRCA1 expression was found in 29.5%

(137/465) of TNBCs. Positive expression of p53 was

observed in 49.9% (232/465). Patients with loss of BRCA1

expression had a tendency to have higher rate of lymph

node metastasis (p = 0.075). An association between p53

expression and high histological grade was observed

(p = 0.039). TNBC patients with loss of BRCA1 expres-

sion had a tendency to have poorer overall survival (OS)

than those positive for BRCA1 (p = 0.09). TNBC patients

with positive p53 expression showed better OS than those

with p53 negativity (p = 0.001). In terms of combined

expression patterns, significantly poorer overall survival

(OS) was observed for BRCA1-negative/p53-negative

TNBCs and best OS for BRCA1-positive/p53-positive

TNBCs (p = 0.005).

Conclusions. Combined expression patterns of BRCA1

and p53 could serve as useful prognostic markers in TNBC.

Estrogen receptor (ER), progesterone receptor (PR), and

human epidermal growth factor receptor 2 (HER2) are

important biomarkers for the prediction of prognosis and

for determining treatment options, such as hormone

therapy for ER- and/or PR-positive tumors or targeted

therapy with trastuzumab for HER2-positive tumors. Tri-

ple-negative breast cancer (TNBC) does not express ER,

PR, and HER2, and its prognosis is generally poorer than

that of ER/PR-positive breast cancers, particularly within

the first 3–5 years after diagnosis.1–3 However, the out-

comes of patients with TNBC are not uniformly poor, and

the highly variable clinical behavior of TNBC suggests

further subclassification of these tumors could benefit

clinical management. We previously reported that it might

be possible to classify TNBC into different prognostic

groups using the immunohistochemical expression patterns

of biomarkers in tumor tissues.4,5

Breast cancer susceptibility gene 1 (BRCA1) and tumor

protein P53 (TP53) are tumor suppressor genes that par-

ticipate the DNA damage signaling pathway. Furthermore,

these two genes have been reported to be physically and

functionally associated. BRCA1 is located on chromosome

17q21 and is involved in DNA repair, apoptosis, chromo-

somal remodeling, and cell cycle checkpoint control.6 In

addition, BRCA1 plays important roles in growth inhibition

and DNA repair by potentiating p53-activated transcrip-

tions of p21 and bax.7,8 A germline mutation of BRCA1 has

been shown to be responsible for hereditary breast and

ovarian cancer syndrome.9 Although no somatic mutation

has been detected, BRCA1 promoter hypermethylation and

loss of BRCA1 protein and of heterozygosity in the BRCA1

locus have been reported in sporadic breast cancer.10–16

However, the role played by BRCA1 and the significance of

changes in BRCA1 protein expression have not been

determined and remain controversial in sporadic breast

cancer.

TP53 is located on chromosome 17p13 and encodes p53

transcription factor, which plays a key role in the deter-

mination of cell fate after challenge by various stressors,

such as radiation, ultraviolet, carcinogen, or cytotoxic

drug-induced DNA damage.17 TP53 is the most frequently
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mutated gene in human cancers, and *30% of breast

cancers display TP53 mutation.18,19 The frequency of this

mutation is dependent on breast cancer molecular subtype,

for example, lowest mutation frequency is observed in the

luminal subtype and highest in the basal subtype.20,21

Although the presence of TP53 mutation was found to be

correlated with shorter survival in a large series of breast

cancer cases, the prognostic significance of p53 expression as

assessed by immunohistochemistry (IHC) is contested.18,22–26

In this study, we examined the immunohistochemical

expressions of BRCA1 and p53 proteins in tumor tissues

obtained from 492 TNBC cases and evaluated: (1) the

relationship between the expressions of BRCA1 and p53,

which are functionally closely related proteins, in TNBC,

and (2) the prognostic role of these proteins in TNBC.

MATERIALS AND METHODS

Case Selection and Construction of Tissue Microarray

The study was performed using 465 consecutive TNBC

cases, which were obtained from surgical resection at

Yeungnam University Hospital, Daegu, South Korea,

between January 1995 and December 2009. All tissues

were fixed in 10% buffered formalin and embedded in

paraffin. To focus on sporadic genetic alterations of BRCA1

and TP53, we excluded patients who had a family history

of breast cancer in first-degree relatives or who presented

bilateral breast cancer synchronously or metachronously.

None of the patients had a family history of breast cancer in

first-degree relatives or received neoadjuvant chemother-

apy. Tissue microarrays (TMAs) were constructed using

two 2-mm cores from a representative tumor block per case

as described previously.5

Pathology reports, medical records, and hematoxylin

and eosin-stained slides were reviewed to obtain clinico-

pathological information, including age at time of

diagnosis, tumor size, lymph node status, histological

grade, lymphovascular invasion (LVI), treatment type,

overall survival (OS), and disease-free survival (DFS). The

study was approved by the Institutional Review Board

of Yeungnam University Hospital (YUH-14-0392-O38),

which waived the requirement for informed consent.

Immunohistochemical Evaluation

TMA sections (4 lm) were deparaffinized and

immunostained for BRCA1 (MS110, Biocare Medical,

Concord, CA) and p53 (DO-7, predilution, Ventana

Medical Systems, Tucson, AZ) using the automated

BenchMark� platform (Ventana Medical Systems). We

regarded the summed tumor area of two consecutive tumor

cores as the total tumor area (100%). Regarding the

interpretation of BRCA1 and p53 staining, cases exhibiting

nuclear staining C10% of tumor cells were considered

positive.11,24

Statistical Analysis

Statistical analysis was performed using SPSS version

23.0 for Windows (IBM Co., Armonk, NY). The chi-

squared test was used to evaluate the significance of cor-

relations between BRCA1 or p53 expression and patient

characteristics. Univariate and multivariate analyses were

performed to determine the effects of BRCA1 or p53

FIG. 1 Representative immunohistochemical results for BRCA1

expression in triple-negative breast cancer. a This case shows loss

of BRCA1 expression in tumor cell nuclei. Nonneoplastic luminal

epithelial cells and stromal lymphocytes show positive expression for

BRCA1 in the nuclei. b In other case, BRCA1 is strongly expressed in

most tumor cells
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expression on survival (OS and DFS). Survival curves were

plotted using the Kaplan-Meier method and the log-rank

test was used to test the significance of survival differences.

Significant variables identified by univariate analyses were

further analyzed using a Cox regression proportional haz-

ard model. Adjusted hazard ratios and associated 95%

confidence intervals (CIs) were estimated for each variable.

P values\ 0.05 were considered statistically significant.

RESULTS

Patient Demographics

Of the 465 cases, median age at diagnosis was 47 years

(range, 25–83 years; mean, 48 years). Invasive tumor sizes

ranged from 0.3 to 10.5 (mean, 2.5) cm. Two hundred six

(44.3%) patients had an invasive tumor B 2 cm (pT1), and

the other 259 patients had an invasive tumor[ 2 cm (pT2

in 238; pT3 in 20; pT4 in 1). Axillary lymph node

metastasis (LNM) was found in 165 (35.5%) patients and

LVI in 186 (40%). Histological grades were 1 in 4 (0.9%),

2 in 32 (6.9%), and 3 in 429 (92.3%). Of the 465 patients,

233 (50.1%) underwent mastectomy and 232 (49.9%)

underwent breast-conserving surgery.

For adjuvant chemotherapy, 355 (76.3%) patients

received anthracycline-based chemotherapy, and another 90

(19.4%) patients received nonanthracycline chemothera-

peutic regimens. The remaining 20 (4.3%) patients did not

receive chemotherapy. During a median follow-up of 72

(range 1–202) months, there were recurrences in 70 (15.1%)

patients (locoregional recurrence in 27 [5.8%] and distant

metastasis in 43 [9.3%] patients). At last follow-up, 76

(16.3%) deaths had occurred.

Immunohistochemical Results

BRCA1 nuclear staining of tumor cells was compared

with that of nonneoplastic luminal or ductal cells, because

BRCA1 also is expressed in the nuclei of normal epithelial

cells and stromal lymphocytes (Fig. 1a). In total, 137

(29.5%) cases were negative for BRCA1 staining in nearly

all tumor cells, whereas in the other cases variable pro-

portions of tumor cells showed less intense staining than

normal cells (160 cases, 34.4%) or strong immunoreac-

tivity in almost all tumor cells (168 cases, 36.1%; Fig. 1b).

On the other hand, p53 expression was observed exclu-

sively in tumor cell nuclei, and 232 (49.9%) cases were

positive (Fig. 2).

Relationships between the Expressions of BRCA1 and

p53 and Clinicopathological Variables

A summary of relationships between BRCA1 or p53

expression and clinicopathological variables is provided in

Table 1. Patients with loss of BRCA1 expression had a

tendency to have higher rate of LNM (p = 0.075), but no

significant correlation was observed between BRCA1

expression and other clinicopathological variables,

TABLE 1 Correlation between clinicopathological variables and expression of BRCA1 and p53 in patients with TNBC

Parameters Total cases BRCA1 expression p53 expression

Negative (%) (n = 137) Positive (%) (n = 328) p value Negative (%) (n = 233) Positive (%) (n = 232) p value

Tumor size (cm)

B2 206 (44.3) 66 (48.2) 140 (42.7) 0.277 103 (44.2) 103 (44.4) 0.967

[2 259 (55.7) 71 (51.8) 188 (57.3) 130 (55.8) 129 (55.6)

LN metastasis

Absent 300 (64.5) 80 (58.4) 220 (67.1) 0.075 153 (65.7) 147 (63.4) 0.604

Present 165 (35.5) 57 (41.6) 108 (32.9) 80 (34.3) 85 (36.6)

LVI

Absent 279 (60) 78 (56.9) 201 (61.3) 0.383 137 (58.8) 142 (61.2) 0.596

Present 186 (40) 59 (43.1) 127 (38.7) 96 (41.2) 90 (38.8)

Histologic grade

1 and 2 36 (7.7) 14 (10.2) 22 (6.7) 0.196 24 (10.3) 12 (5.2) 0.039

3 429 (92.3) 123 (89.8) 306 (93.3) 209 (897) 220 (94.8)

p53

Negative 233 (50.1) 72 (52.6) 161 (49.1) 0.495

Positive 232 (49.9) 65 (47.4) 167 (50.9)

TNBC triple-negative breast cancer, LN lymph node, LVI lymphovascular invasion
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including tumor size, LVI, and histologic grade. There was

a positive association between p53 expression and histo-

logical grade (p = 0.039), and p53 expression showed no

significant correlation with other clinicopathologic vari-

ables. No significant correlation was found between

BRCA1 expression and p53 expression (p = 0.495).

Prognostic Significances of the Expressions of BRCA1

and p53

TNBC patients with loss of BRCA1 expression had

poorer OS than those positive for BRCA1 (p = 0.09;

Fig. 3a). Although BRCA1 expression did not have a sig-

nificant influence on DFS, BRCA1-negative patients

tended to have poorer outcomes than BRCA1-positive

patients (p = 0.314). TNBC patients with p53 positivity

achieved better outcomes (OS, p = 0.001; DFS, p =

0.125; Fig. 3b). We also evaluated survival differences

with respect to the combined expression of BRCA1 and

p53. As shown in Fig. 3c, BRCA1?/p53? patients had

better OS than BRCA1–/p53– patients (p = 0.005). Mul-

tivariate analysis, including tumor size, lymph node status,

and a BRCA1/p53 status, showed that all three variables

independently predicted OS in TNBC (Table 2). More

specifically, BRCA1–/p53– was found to be associated

with lower OS with a threefold higher risk of death (95%

CI 1.679–6.411; p = 0.001) than BRCA1?/p53?.

DISCUSSION

Breast cancer is a heterogeneous disease, and the abili-

ties of some biomarkers to predict prognosis might depend

on hormone receptor status (ER-positive vs. ER-negative

or TNBC), when their expressions are associated with

hormone receptor status. Although androgen receptor and

Bcl-2 expression are considered good prognostic markers

in ER-positive breast cancer in previous studies, we found

they were correlated with poor prognosis in some patients

with TNBC.4,5 BRCA1 and TP53 are functionally related

tumor suppressor genes, and absent or diminished BRCA1

FIG. 2 Representative immunohistochemical results for p53 expression in triple-negative breast cancer. a p53 is expressed in tumor cell nuclei.

b This case shows negative expression for p53
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expression and positive p53 expression were found to be

associated with an ER–/PR– status.13,17 Considering the

strong correlations that exist between the expressions of

these proteins and hormone receptor status, we investigated

the prognostic impacts of expressions of BRCA1 and/or

p53 in TNBC to exclude the effects of hormone receptor

expressions on patient survival.

In the present study, loss of BRCA1 expression was

observed in 29.5% of TNBCs and was significantly corre-

lated with a non-basal phenotype. In another study

performed in an invasive breast cancer series, absent or

reduced BRCA1 expression was associated with larger

tumor size, advanced lymph node stage, high histological

grade, LVI, negative hormone receptor status, p53 positiv-

ity, and basal phenotype of breast cancer.13 Yang et al. also

reported associations between BRCA1 expression and

LNM and histological grade but not with other conventional

prognostic markers, such as tumor size, histologic type,

hormone receptor status, expression of p53 or c-erbB-2, and

MIB-1 labeling index.11 Considering that TNBC usually

involves grade 3 and p53-positive tumors, LNM was the

only parameter associated with BRCA1 expression

regardless of hormone receptor status.3,27 In our study,

patients with loss of BRCA1 expression had a higher rate of

LNM than those with BRCA1 expression, but the associa-

tion was not statistically significant. Studies, including the

present study, consistently have shown that loss of BRCA1

expression is associated with poor survival in breast cancer.

Because BRCA1 facilitates stress-induced apoptosis, loss of

BRCA1 protein may result in tumor cell resistance to

chemotherapy-induced apoptosis, which would explain why

negative BRCA1 expression is associated with poorer

prognosis.11,28 Promoter hypermethylation and posttran-

scriptional modifications resulting in reduced BRCA1

protein stability are considered to underlie the absence of or

reduced BRCA1 protein expression in sporadic breast

cancer.29

To investigate the value of TP53 status for predicting

treatment response and clinical outcomes, different clinical

and methodological settings have been used, but results are

contradictory.30 IHC has been widely used to assess p53

alterations, but it is a poor surrogate of gene mutation status.

Missense mutation of TP53 yields a highly stable mutant

p53 protein that can be detected by IHC, whereas p53

proteins resulting from truncating TP53 mutations are

unstable and cannot be detected by IHC. In addition wild-

type p53 may show strong immunoreactivity, because it

commonly accumulates in tumors as a result of DNA

damage or of binding to other cellular proteins.17,21,23,31

We evaluated p53 expression in TNBC by IHC and

observed it was expressed in 49.9% of cases. Reported

positivity rates of p53 expression range from 56 to 71% in

TNBC, and its correlations with clinicopathological fea-

tures vary in studies. In the present study, histological

grade was the only parameter associated with p53 expres-

sion, whereas significant correlations have been reported

with LNM and histological grade.26,32 Furthermore, we

observed p53 positivity was associated with better prog-

nosis in TNBC, whereas previous studies have reported

TP53 mutation has negative prognostic significance.18,22

Studies on the prognostic significance of p53 expression as

assessed by IHC arrived at contrary conclusions.23–26,31,33

TABLE 2 Univariate and multivariate analyses of clinicopathological variables affecting overall survival in patients with TNBC

Parameters Univariate analysis Multivariate analysis

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Tumor size (cm)

B2 1 0.006 1 0.041

[2 2.015 (1.227-3.310) 1.697 (1.023-2.815)

LN metastasis

Absent 1 \0.001 1 \0.001

Present 3.193 (2.008-5.075) 3.036 (1.893–4.870)

Histological grade

1 and 2 1 0.218 – –

3 0.657 (0.337–1.281)

BRCA1 and p53 expression

BRCA1?/p53? 1 0.007 1 0.004

BRCA1?/p53- 2.210 (1.208–4.041) 0.01 2.284 (1.249–4.176) 0.007

BRCA1-/p53? 1.583 (0.716–3.500) 0.256 1.510 (0.681–3.347) 0.31

BRCA1-/p53- 3.084 (1.584–6.002) 0.001 3.281 (1.679–6.411) 0.001

TNBC triple-negative breast cancer, CI confidence interval, LN lymph node

3528 M. C. Kim et al.



Two recent studies reported results very similar to ours

regarding the relationship between p53 expression and

clinical outcome.24,26 Coates et al. reported that p53

expression was associated with better DFS and OS in

patients with ER-negative breast cancer, but with poorer

DFS and OS in patients with ER-positive breast cancer.24

These authors suggested that interpretation of the prog-

nostic significance of p53 expression requires knowledge

of the concurrent expressional status of ER but added that

the reason for the prognostic interaction between p53 and

ER is unknown. Jin et al. reported p53 negativity was an

independent risk factor for LNM and that p53 positivity

predicted better survival in TNBC.26 It also was suggested

the immunohistochemical expression of p53 might reflect

the accumulation of wild-type p53 rather than mutant p53

protein in TNBC.

Although the immunohistochemical detection of TP53

mutation depends on mutation type (a high positive rate for

missense mutations and a high negative rate for truncating

mutations), the different prevalence of TP53 mutation

types among different breast cancer subgroups must also be

considered. Dumay et al. reported a high prevalence of

missense mutations in luminal tumors and of truncating

mutations in basal tumors.20 In addition, the prognostic

significances of TP53 mutation differ between mutation

types. Non–missense mutations (mostly truncating muta-

tions) were most strongly associated with poor survival,

and these mutations are not likely to be detected by IHC.34

A positive association between p53 expression and good

prognosis in TNBC could be explained by p53-induced

enhancement of response to chemotherapy. Bertheau et al.

suggested that an accumulation of genetic abnormalities

leads to mitotic catastrophe and better response to anthra-

cycline-cyclophosphamide-based chemotherapy in patients

with ER-negative/TP53-mutated breast cancer, whereas in

patients with ER-positive/TP53-wild-type breast cancer,

ER-induced inhibition of p53 apoptotic response would

lead to tumor cell senescence and subsequent resistant to

treatment.21 Therefore, a link between TP53 status and

response to chemotherapy affected patient’ survival,

because more than 90% of our patients received adjuvant

chemotherapy based on anthracyclines and alkylating

agents.

We also found that combined BRCA1 and p53 expres-

sion status intensifies classification of TNBC cases into

different prognostic subgroups. Notably, BRCA1–/p53–

cases had the poorest prognosis, which could be explained

by resistance to chemotherapy in TNBC patients with

inactivated BRCA1/intact p53 functions.

In conclusion, immunohistochemical assessments of the

expressions of BRCA1 and p53 proteins might provide

information that could be used to stratify TNBCs into

subgroups with different aggressiveness and prognoses,

regardless of the underlying mechanisms driving protein

expression alterations in cancer cells.
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