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New insight on the biological role of p53 protein as a tumor
suppressor: re-evaluation of its clinical significance
in triple-negative breast cancer
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Abstract While p53 mutation is found in the majority of
triple-negative breast cancer (TNBC) and despite recent de-
velopments in p53-targeting agents, their therapeutic applica-
tion is still limited by the absence of standard biomarkers and
ambiguousness of its essential biological role in cancer.
Whole sections from 305 TNBC cases were stained for p53
to determine the correlation with lymph node metastasis and
clinical outcomes in the whole cohort as well as in stratified
patient groups according to AJCC stage and the use of adju-
vant chemotherapy. Reduced immunohistochemical expres-
sion of p53 was an independent risk factor for lymph node
metastasis. p53 overexpression was predictive of better clini-
cal outcome in all patients (P=0.012, disease-free survival
and P=0.008, overall survival) and the stratified cohorts of
those who had early breast cancer and received adjuvant che-
motherapy. Suppression of endogenous mutant p53 by siRNA

and induction of wild-type p53 repressed TNBC cell invasion
in vitro. In TNBC, increased immunohistochemical expres-
sion of p53 may reflect the accumulation of wild-type p53
rather than the mutant form. Strong p53 protein expression
may serve as a favorable prognostic indicator and provide
evidence for the use of specific agents targeting p53.
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Introduction

Triple-negative breast cancer (TNBC) is characterized by the
absence of hormone receptor expression and lack of human
epidermal growth factor receptor 2 (HER2) overexpression.
The absence of a recognized therapeutic target and its biolog-
ically aggressive characteristics lead to poor prognosis with
high rates of metastasis and short relapse-free survival in
TNBC, compared with luminal or HER2 type breast carcino-
mas [1].

The TP53 gene, known as the Bguardian of the genome,^ is
a tumor suppressor gene that regulates cell cycle progression,
DNA repair, cellular senescence, and apoptosis [2]. However,
when TP53 is either mutated or lost its tumor suppressive
function, the protein p53 shows pro-oncogenic properties in
up to 50 % of cancers [3]. Interestingly, a number of recent
studies have indicated that p53, particularly its mutant form,
promotes tumor cell migration, invasion, and metastasis
through various biological pathways in several cancers [4–8].

In breast cancer, TP53mutation is the most common single
genetic alteration observed in as much as 30 % of all breast
carcinomas [9]. Moreover, in TNBC, p53 mutations occur
more frequently compared to the other intrinsic subtypes of
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breast cancer (60–70 %) [10], making p53 an attractive can-
didate for therapeutic target in TNBC [11]. Previous studies
have shown that TP53 mutations show distinctive prognostic
significance in breast cancer [12, 13]. However, the prognostic
significance of p53 protein expression remains controversial
[14–17] since it is unclear whether its expression is reflective
of wild-type p53 or mutant p53 [18]. In addition, only a few
studies have described the predictive ability of p53 protein
expression and its association with metastasis in human
TNBC cohorts [19, 20] utilizing immunohistochemistry while
its role in cell migration and invasion is well known from
several preclinical analyses using human TNBC cell lines or
animal models [21–25].

Since its introduction three decades ago, immunohisto-
chemistry has provided enormous benefits in evaluating prog-
nostic and predictive markers in neoplasms, examples of
which include agents specifically targeting estrogen receptor
(ER) and HER2 in breast cancer [26, 27]. p53 is considered a
challenging yet attractive target in drug development, and a
few agents have shown promising results in recent clinical
trials [11].

In the present study, we examined the clinicopathological
significance of p53 protein expression in a large cohort of
TNBC patients. We also evaluated the predictive function of
p53 protein expression level for lymph node metastasis
(LNM) as well as clinical outcome according to AJCC stage
and adjuvant therapeutic modalities. In addition, the biologic
effects of p53 gene manipulation on cancer invasion and me-
tastasis were evaluated in multiple human TNBC cell lines.
We evaluated the biological characteristics of p53 phenotypes
and described potential utilization of measuring p53 protein
expression levels in clinical contexts for predicting metastasis
and prognostic outcome, which may provide a new insight in
applying p53-targeted therapeutic options in TNBC.

Materials and methods

Patient selection and study design

A total of 305 TNBC patients who received surgical resection
between 2003 and 2006were retrospectively selected from the
pathologic archive in Seoul National University Hospital. All
of the enrolled TNBC cases had been diagnosed previously by
an immunohistochemistry panel of ER (1:100, 1D5;
Novocastra Laboratories, Newcastle, UK) and progesterone
receptor (PR, 1:200, PgR636; Dako, Glostrup, Denmark).
ER and PR expression was considered as positive when
≥1 % of staining was observed in tumor cells. HER2 immu-
nohistochemistry (4B5; Ventana, Medical System, Tucson,
AZ, USA) and HER2 fluorescence in situ hybridization using
PathVysion assay (Abbott Molecular, Downers Grove, IL)
results were based on the 13th St. Gallen International

Breast Cancer Conference [28]. Her2 immunohistochemistry
was evaluated as positive when more than 10% of tumor cells
show homogeneous, dark circumferential staining. HER2
gene amplification by FISH was considered as positive when
the ≥2.0 ratio of HER2 gene copy number to chromosome 17
copy number or ≥6.0 averageHER2 signal per each tumor cell
was observed. Histological grading was performed according
to the Nottingham grading system [29]. The patients enrolled
in this study received four to six cycles of dose-dense
doxorubicin/cyclophosphamide (AC) followed by paclitaxel
or combined docetaxel and cyclophosphamide (TC) regimen
as adjuvant chemotherapy. Patients who had received neoad-
juvant chemotherapy were excluded. Clinicopathological pa-
rameters and patient survival data were reviewed and collect-
ed via electronic medical records system. In the total cohort of
305 patients, we performed stratified analyses considering
AJCC stage and therapeutic modality in order to assess their
clinicopathological significance. This study was approved by
the Institutional Review Board of Seoul National University
Hospital (IRB No. H-1511-085-720).

Immunohistochemistry and interpretation

Formalin-fixed paraffin-embedded tissues of whole sections
were available for immunohistochemistry in all of the enrolled
305 cases. Representative tumor areas were selected, and a 4-
mm- th i ck s ec t i on f o r ea ch b lo ck was s t a i n ed
immunohistochemically for the p53 antibody (1:500, DO-7;
Dako) using a Benchmark automatic immunostaining device
(Ventana). p53 staining was independently evaluated by three
pathologists (MSJ, IAP, and HSR). Tumor cells with strong
nuclear staining were chosen for evaluation. A case was con-
sidered positive for p53 expression if the staining proportion
was greater than 10 % [30–32].

Cell culture

MDA-MB-231 and MDA-MB-468 were grown in
Dulbecco’s Modified Eagle’s Medium (DMEM). Each medi-
um was supplemented with 10 % FBS (GenDEPOT, Katy,
TX, USA) and 1 % penicillin-streptomycin (Gibco, Grand
Island, NY, USA). All cell lines were cultured at 37 °C in
humidified atmosphere with 5 % CO2.

Western blot analysis

For intracellular protein extraction, transfected cells in a
monolayer were lysed in ice-cold T-PER buffer (Thermo
Fisher Scientific, Waltham, MA, USA) containing a protease
inhibitor cocktail (Roche, Basel, Switzerland). The isolated
proteins were separated by polyacrylamide gel electrophoresis
and were transferred to a polyvinylidene fluoride membrane
(Millipore, Billerica, MA, USA). After blocking with 5 %
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skimmilk in Tris-buffered saline-Tween 20 (TBST), the mem-
brane was incubated with various primary antibodies specific
to p53 (1:500, DO-7; Dako) and β-actin (1:1000, C-2; Santa
Cruz Biotechnology, Santa Cruz, CA, USA). After incubation
with primary antibodies, the membrane was washed in TBST
once for 5 min and three times for 10 min each. The mem-
brane was then incubated with secondary antibodies (horse-
radish peroxidase-conjugated goat anti-mouse and anti-rabbit)
for 1 h at room temperature. The membrane was washed again
three times in TBST for 10 min each, and the proteins were
then visualized using a luminol-based chemiluminescent de-
tection kit (Elpis, Daejeon, Korea).

p53 siRNA and plasmid transfection

A small interfering RNA (Cosmo genetech, Seoul, Korea)
specific for human p53 was used to knock down p53 in
MDA-MB-231 and MDA-MB-468 cells harboring endoge-
nous mutant p53 [18]. The sequence for the p53 siRNA was
GACUCCAGUGGUAAUCUAC. A human wild-type p53
expression vector (pCMV-neo-BAM) and control vector
(pCMV-tag2B) were kindly provided by Prof. Sang Hoon
Kim (Kyung Hee University, Seoul, Korea). The cells were
transfected with 50 nM of p53 siRNA using transfection re-
agent (Invitrogen, Carlsbad, CA, USA) with 1 μg of p53 plas-
mid using a transfection reagent (Poly Plus, Illkirch-
Graffenstaden, France). The siRNA or plasmid-transfected
cells were analyzed 48 h after transfection.

Invasion assay

Invasion assays were performed using BioCoatTM Matrigel®
Invasion Chamber (Corning Inc., Corning, NY, USA) accord-
ing to the protocol provided by the manufacturer. Cells with
p53 knockdown or with p53 overexpression were used. After
pre-heating the invasion chamber, the cells were collected in
serum-free Opti-MEM (Gibco) and plated at 5×105 cells per
well in the top chamber. DMEM or RPMI containing 10 %
FBS was used as a chemo-attractant. After 48 h of incubation,
the non-invading cells on the upper surface of membrane were
removed with a cotton swab, and the invading cells on the
lower surface of membrane were washed and then fixed with
absolute ethanol for 10 min, followed by HE staining. Stained
cells were counted using a phase-contrast microscope (Nikon
Eclipse 80i, Japan), and pictures were taken using a Digital
Sight DS-Fi1 camera (Nikon) attached to a microscope.

Statistical analysis

Pearson’s chi-square test and Fisher exact test were used to
analyze the statistical significance of the association between
LNM and categorical parameters. To identify independent
prognostic factors for the risk of LNM, multivariate logistic

regression analysis was performed. Kaplan-Meier survival
curves with log-rank tests were used to analyze the time to
disease progression and patients’ survival. Multivariate anal-
ysis was performed using Cox proportional hazards model. P
values <0.05 were considered statistically significant. Two-
tailed Student’s t test was performed to compare means among
different groups for in vitro studies. Data was statistically an-
alyzed using SPSS 21.0 for Windows (IBM SPSS INC.,
Armonk, NY, USA).

Results

Relationship between p53 expression and LNM in TNBC
patients based on immunohistochemistry

Comparisons of categorical variables predicting LNM using
Pearson chi-square test in 305 TNBC patients are shown in
Table 1. The number of cases positive for p53 was 172
(56.4 %). Photomicrographs of the histological findings and
immunohistochemistry for p53 protein are presented in Fig. 1.

Table 1 Comparisons of categorical variables predicting lymph node
metastasis using Pearson chi-square test in 305 TNBC patients

Variables Lymph node metastasis

n Absent Present P value

Age (years)

≤50 154 101 (47.6 %) 53 (57.0 %) 0.133

>50 151 111 (52.4 %) 40 (43.0 %)

Histologic grade

I 0 0 (0) 0 (0)

II 60 43 (19.9 %) 19 (19.8 %) 0.685

III 245 173 (80.1 %) 77 (80.2 %)

Nuclear grade

I 0 0 (0) 0 (0)

II 71 49 (23.1 %) 22 (23.7 %) 0.918

III 234 163 (76.9 %) 71 (76.3 %)

pT stage (T1 and T2 vs. T3 and T4)

T1 and T2 290 207 (97.6 %) 83 (89.2 %) 0.003

T3 and T4 15 5 (2.4 %) 10 (10.8 %)

Lymphovascular invasion

Absent 184 149 (70.3 %) 35 (37.6 %) <0.001

Present 121 63 (29.7 %) 58 (62.4 %)

DCIS component

Absent 127 91 (42.9 %) 36 (38.7 %) 0.492

Present 178 121 (57.1 %) 57 (61.3 %)

P53

Negative 133 75 (35.4 %) 58 (62.4 %) <0.001

Positive 172 137 (64.6 %) 35 (37.6 %)

DCIS ductal carcinoma in situ, TNBC triple-negative breast carcinoma
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TNBC showing p53 expression was significantly associated
with decreased LNM (P<0.001). Three clinicopathological
variables including pT stage (P = 0.004, OR = 5.680),
lymphovascular invasion (P<0.001, OR=3.446), and p53
protein expression (P<0.001, OR=0.361) were independent
factors predicting LNM in multivariate analysis (Table 2).

In additional stratified analyses according to different pT
stages, p53 expression revealed a significantly decreased like-
lihood of LNM in both univariate and multivariate regression
analyses (Supplementary Table 1 and Supplementary Table 2).

Effect of p53 protein expression on survival prediction
in TNBC patients

We evaluated the relationship between clinicopathological
variables and survival in TNBC patients (Table 3 and

Fig. 2). Univariate survival analysis demonstrated that higher
p53 expression was associated with longer disease-free sur-
vival (DFS) (P=0.012) and overall survival (OS) (P=0.008).
A trend for favorable survival in p53-positive patients was
revealed on multivariate analysis (DFS, OR = 0.629,
P=0.076 and OS, OR=0.570, P=0.057; Table 4).

In the stratified analysis, elevated p53 protein expression
was associated with increased DFS and OS in univariate anal-
ysis in TNBC patients with early stage (DFS, P=0.020 and
OS, P=0.005) and those who received adjuvant chemothera-
py (DFS, P=0.016 and OS,P=0.012; Supplementary Table 3
and Supplementary Table 4). In multivariate analysis, al-
though no statistically significant correlation was observed
in the early stage disease group or patients who received ad-
juvant chemotherapy, there was a strong association between
p53 expression and patient survival (data not shown,
Supplementary Table 5).

Wild-type TP53 gene restoration suppresses invasion
ability in human TNBC cell lines

Because of the strong association between p53 expression and
LNM in TNBC patients observed in this study, we investigat-
ed the functional consequences of wild-type p53 gain and how

Fig. 1 Histologic and p53
immunohistochemical features of
two representative cases of
triple-negative breast cancer. Left
panels, stained with hematoxylin
and eosin (a) and showing
entirely negative expression of
corresponding p53 staining (c).
Right panels, stained with
hematoxylin and eosin (b) and
showing diffuse and strong
nuclear p53 staining of
corresponding section (d)
(a–d, original magnification ×4
and ×400 (insets))

Table 2 Multivariate logistic regression tests for prediction of lymph
node metastasis

Variable OR 95 % CI P value

pT stage 5.680 1.716–18.809 0.004

Lymphovascular invasion 3.446 2.019–5.881 <0.001

P53 0.361 0.210–0.618 <0.001
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the loss of mutant p53 contributes to cancer cell invasion in
two human TNBC cell lines with endogenous mutant p53.We
observed that silencing of p53 mutant expression mediated by
p53-siRNA in MDA-MB-231 and MDA-MB-468 cells sig-
nificantly reduced the number of migrating cells compared to
those with mock and nonsense-siRNA treatment (Fig. 3).
Additionally, plasmid transfection of the cell lines with wild-
type p53 revealed significantly reduced cell transmigration
ability (Fig. 3).

Discussion

Over the past decade, the emerging role of p53 in the regula-
tion of cancer invasion in TNBC has been documented in
several reports on TNBC; these studies suggested the onco-
genic role of the mutant p53 gene in tumor progression using
transgenic mice models or cancer cell lines [21, 23–25, 33,
34].

In our study, strong p53 protein expression appears to be an
independent predictor for metastasis to axillary lymph nodes,
which is comparable to the results of the conventional predic-
tive variables including lymphatic invasion and tumor size
[35], both in distinctive cohorts re-classified according to
pathologic tumor size as well as in the cohort including all
patients. This is the largest cohort study showing an inverse
correlation between p53 protein expression and LNM in
TNBC patients. Although comparative analysis in our study
was limited since different methods were used, previous re-
ports suggest that p53 expression increases the invasion and
migration abilities of breast cancer cells [19–23], which is in
direct contrast with our results.

Table 3 Kaplan-Meier survival analysis for disease-free and overall
survival

Variables DFS (months) P value OS (months) P value

Age at diagnosis

≤50 118.7 ± 3.5 0.384 126.1 ± 2.7 0.295

>50 115.1 ± 3.7 130.9 ± 2.4

Nuclear grade

II 119.1 ± 5.0 0.731 128.9 ± 3.7 0.878

III 115.7 ± 2.9 128.0 ± 2.1

Histologic grade

II 121.5 ± 4.7 0.316 133.3 ± 2.5 0.122

III 115.6 ± 2.9 127.4 ± 2.2

pT stage

T1 and T2 123.1 ± 3.1 0.016 133.5 ± 1.6 0.003

T3 and T4 111.9 ± 3.5 124.7 ± 2.7

AJCC stage

EBC (I and II) 122.1 ± 2.5 <0.001 127.1 ± 2.1 <0.001

LABC (III) 86.5 ± 8.6 98.5 ± 7.5

Lymph node metastasis

Absent 125.4 ± 2.5 <0.001 132.9 ± 1.8 <0.001

Present 97.1 ± 5.7 118.1 ± 4.4

Lymphovascular invasion

Absent 125.2 ± 2.7 <0.001 132.7 ± 2.0 0.005

Present 104.1 ± 4.6 122.0 ± 3.4

DCIS

Absent 123.2 ± 3.5 0.043 134.7 ± 2.0 0.012

Present 111.0 ± 3.5 122.9 ± 2.7

P53

Negative 109.1 ± 4.2 0.012 116.6 ± 3.6 0.008

Positive 122.5 ± 3.1 127.8 ± 2.5

DCIS ductal carcinoma in situ, DFS disease-free survival, OS overall
survival

Fig. 2 Kaplan-Meier disease-free survival (upper, a–e) and overall
survival (lower, f–j) analyses according to AJCC stage and treatment
modality. Total cohort (a, f), early breast cancer group (b, g), localized

advanced breast cancer group (c, h), adjuvant chemotherapy group (d, i),
and no adjuvant chemotherapy group (e, j)
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Additionally, in this study, increased p53 expression in
TNBC was found to have a statistically significant or strong
correlation with better survival outcome in both the entire

cohort as well as the stratified patient groups based on
AJCC stage and the use of adjuvant chemotherapy.
Although there are only a few studies that have evaluated
the relationship between LNM and p53, numerous studies
have found that p53 expression is associated with clinical
outcome in TNBC patients. Although the significance of these
results remains controversial, several previous studies showed
either decreased survival in patients with p53 protein overex-
pression [14, 36–38] or no significance [15, 39], which is in
contrast with the results of our study. However, the
oncosuppressive effect of p53 through the miRNA pathway,
particularly in TNBC, has been demonstrated in preclinical
studies [16, 40]. Coates et al. [17] also showed that p53-
positive expression on immunohistochemistry was associated
with increased DFS and OS among TNBC patients, which is
concordant with the results of our study.

We used immunohistochemistry to evaluate p53 expression
levels, which is one of the most widely used diagnostic tools
in investigating target agents and prediction of clinical

Table 4 Multivariate analysis of predictive factors for disease-free and
overall survival (Cox proportional hazards model)

Variable OR 95 % CI P value

Disease-free survival

AJCC stage
Lymphovascular invasion

2.339
1.785

1.315–4.162
1.027–3.100

0.004
0.040

DCIS 1.647 0.962–2.819 0.069

P53 0.629 0.378–1.049 0.076

Overall survival

AJCC stage
Lymphovascular invasion

2.591
1.683

1.382–4.859
0.897–3.157

0.003
0.105

DCIS 1.973 1.055–3.691 0.033

P53 0.570 0.319–1.018 0.057

DCIS ductal carcinoma in situ

Fig. 3 Mutant TP53 gene silencing and its effect on tumor cell invasion.
a, b Alteration of p53 protein expression in MDA-MB-231 and MDA-
MB-468 cells transfected with p53-siRNA and wild-type p53 plasmid
vector is noted. The number of transmigrated invasive cells in two cell

lines (MDA-MB-231 and MDA-MB-468) transfected with p53-siRNA
(a) and p53 plasmid vector (b) is significantly reduced compared to mock
and nonsense-siRNA or empty vector groups in invasion assay (c). All
experiments are performed in triplicate
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outcome [41]. Although next generation sequencing (NGS)
allows whole genomic evaluation, the high cost and complex
interpretation required for this option make it impractical for
most clinical laboratories. Immunohistochemistry is still con-
sidered a valuable diagnostic tool with easy accessibility and
well-established efficacy in examining the functional unit in
cancer that can overcome discrepancies between mRNA and
protein expression by transcriptional and translational regula-
tion [42, 43].

It remains controversial whether p53 immunohistochemis-
try reflects the mutant or wild-type p53. According to Lacroix
et al. [18], p53 protein translated from themutant TP53 gene is
typically not observed by immunohistochemical staining be-
cause p53 protein exists as a truncated structure with reduced
stability. However, the wild-type TP53 gene shows strong
immunoreactivity because the gene is commonly
overexpressed as a compensatory mechanism to repair DNA
damages that occur during tumorigenesis [18]; this may ex-
plain why our results demonstrated a strong association be-
tween p53 protein expression and reduced LNM as well as
decreased risks of recurrence and death.

Because we found a distinctive prognostic role of p53 pro-
tein expression that differs from what is generally accepted,
we attempted to minimize bias and error as follows. First,
immunohistochemical results for p53 were interpreted by
three well-trained pathologists who were blinded to the clini-
copathological information, and consistent results were ob-
tained among the investigators. Second, we performed statis-
tical analyses according to treatment modalities and AJCC
stage, which showed a significant predictive ability of p53
for LNM and clinical outcome, with the exception of the strat-
ified cohort without the event of death. Third, we analyzed
p53 expression using whole section slides to reduce tumor
heterogeneity and overcome area limitations of the tissue mi-
croarray. Fourth, we determined the function of p53 in tumor
invasion in multiple human TNBC cell lines that had been
genetically manipulated; invasion ability was suppressed after
introduction of wild-type p53 or substitution of endogenous
mutant TP53 for wild-type TP53.

In conclusion, we evaluated p53 protein expression
using whole-section slides in a large cohort with TNBC.
We found that increased expression of p53 was significant-
ly associated with decreased LNM as well as improved
patient survival in stratified patient groups according to
pathologic tumor size, AJCC stage, and adjuvant chemo-
therapy as well as in the entire cohort. Additionally, re-
introduction of wild-type TP53 or repression of mutant
p53 on the genomic level significantly diminished the in-
vasion ability of human TNBC cell lines. We therefore,
suggest that strong immunohistochemical expression of
p53 protein in TNBC reflects the production of the wild-
type TP53 gene, not of the mutant one. These results sug-
gest that application of p53-targeting agents may in fact

inhibit the normal function of p53 and that its use should
be reconsidered in clinical practice.

Currently, molecular target agents in breast cancer have
been developed based on the results interpreted via immuno-
histochemistry. In addition, several ongoing clinical trials
targeting specific biomarkers including PARP1 are being val-
idated using immunohistochemistry. Since clinical trials eval-
uating the significance of p53 as a novel candidate for target
therapy are currently underway, the different clinicopatholog-
ical behaviors of p53 in TNBC must be elucidated, particular-
ly because TNBC shows the highest frequency of p53 muta-
tion among all of the intrinsic subtypes of breast cancer. Once
immunohistochemical evaluation of p53 is validated, p53 may
serve as a novel predictive marker along with ER and HER2.
Further validation combining mutational analyses to validate
the significance of p53 immunohistochemistry is necessary.
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