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Abstract

Purpose Very little is known about the genetic risk factors associated with triple-negative breast cancer (TNBC), an aggres-
sive clinical subtype characterised by the absence of ER, PR and HER2. p53, the tumour suppressor gene, is essential for
maintaining genomic stability in response to cellular stress. In breast cancer, the mutation rates of TP53 vary depending on
the subtype, such that ER-negative tumours have a high rate, and in ER-positive tumours they are less common. Previous
studies have implicated the intronic polymorphism in 7P53 (rs17878362; or PIN3) with an increased risk of developing
breast cancer, although little has been discerned on its prevalence in different subtypes. In this study, we investigated the
prevalence of the PIN3 genotype in the blood of cohorts with ER-positive and the ER-negative subtype TNBC, and assessed
its association with outcome.

Methods We genotyped 656 TNBC and 648 ER-positive breast cancer patients, along with 436 controls, and compared the
prevalence of polymorphism rs17878362 in these cohorts.

Results We found there to be no differences in the prevalence of the PIN3 genotype between the ER-positive and TNBC
cohorts. Furthermore, no statistically significant difference was observed in the outcome of patients in either cohort with
respect to their PIN3 genotype.

Conclusions Taken together, our results do not support an association of the PIN3 genotype with increased breast cancer
risk, either in ER-positive or ER-negative patients.
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Introduction

Breast cancer is the most common cancer in women world-
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disease that can be classified into a number of different sub-
types, based on the expression of key hormone receptors
for estrogen (ER), progesterone (PR) and human epidermal
growth factor (HER2) [2]. Two-thirds of breast cancers are
diagnosed as ER-positive and have a favourable prognosis,
while a smaller proportion (10-20%) of breast cancers lack
expression of the hormone receptors ER, PR and HER?2, and
are known as triple-negative breast cancer (TNBC) [3]. This
particularly aggressive subtype has an increased likelihood
of the development of distant metastasis and death within
5 years of diagnosis [4]. There is very little known about
the genetic risk factors associated with the development of
TNBC and the ability to estimate the risk of developing this
aggressive breast cancer subtype may improve breast cancer
outcomes.

The tumour suppressor gene 7P53 is an important tran-
scription factor that is crucial for the response to DNA dam-
age and maintenance of genomic stability. It is activated by a
variety of cellular stressors that allow it to induce its tumour
suppressive functions including cell cycle arrest, senescence,
DNA repair or apoptosis [5]. Its importance as a key regula-
tor of genetic integrity is highlighted by its germline muta-
tion in Li-Fraumeni Syndrome (LFS), an inherited familial
predisposition to a wide variety of cancers, particularly
breast cancer, and its high mutation rate in human cancers
[6]. In breast cancer, the somatic mutation rate of 7P53 is
variable in distinct breast cancer subtypes [7]. TP53 muta-
tions are rare in ER-positive breast cancers (12% and 29% in
luminal A and B, respectively), but are common in ER-nega-
tive tumours (HER2-enriched 72% and basal-like 80%) [8].

In addition to mutations, numerous polymorphisms
have been identified in the coding and noncoding regions
of TP53, some of which are associated with cancer risk
and that can alter the function of p53. Namely, the single-
nucleotide polymorphism (SNP) at residue 72 in exon 4
(R72P; rs1042522) has been shown that R72 greatly induces
p53-dependent apoptosis in vitro, compared to the P72
variant [9]. The most well-characterised noncoding poly-
morphism is a 16 bp duplication (-5’ ACCTGGAGGGCT
GGGG3'; Al =one copy; A2 =two copies) in intron 3 of the
TP53 gene (polymorphism in intron 3, PIN3; rs17878362)
[10]. There is some suggestion that PIN3 may be useful as
a prognostic indicator in breast cancer. In a study on breast
cancer tissues, Hrstka et al. found an association between
the A2 allele and lymph node positivity, suggesting that the
A2 allele is associated with a more aggressive breast cancer
phenotype [11]. In contrast, our own studies have shown
that patients whose tumours possessed the A2/A2 allele had
significantly better disease-free survival [12].

Meta-analyses investigating rs17878362 in the germline
have identified an increased risk of developing breast can-
cer in carriers of the A2 allele [13—16]. However, there
are inconsistencies between studies based on different
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geographical locations and ethnic groups, or associations
between familial or sporadic breast cancer [17, 18]. Hor-
mone receptor status may also account for some of the dif-
ferences, but this has not been investigated.

Despite the discrepancies between analyses of
rs17878362 and breast cancer risk, it is not known if the
polymorphism can alter the risk of developing ER-negative
breast cancer and, in particular, TNBC, which has the high-
est rate of TP53 mutations amongst the breast cancer sub-
types. The aim of this study was to determine the association
of the rs17878362 polymorphism with the risk of developing
TNBC compared to ER-positive breast cancers.

Materials and methods
Study cohort

DNA was extracted from the blood of 361 TNBC patients
and 648 ER-positive breast cancers supplied by the Aus-
tralian Breast Cancer Tissue Bank (Darcy Rd, Westmead,
New South Wales, Australia). In addition, DNA was also
extracted from the blood of 295 TNBC patients and was pro-
vided by the Department of Genetics and Pathology, Pomer-
anian Medical University (Szczecin, Poland). This study was
approved by the local institutional ethics review commit-
tee for participation in this study. Additional 436 control
samples were also included using DNA extracted from the
blood of participants with no known history of breast can-
cer, recruited from 2004 to 2005 for the Hunter Community
Study. This study complies with the 1964 Helsinki Declara-
tion with ethical approval from the Hunter New England
Human Research Ethics Committee (Approval number:
09/05/20/5.01). All patients have consented to their blood
and clinical information being used in this study.

Genotyping of rs17878362

The 16 bp duplication in intron 3 of TP53 (PIN3;
rs17878362) was genotyped using the PCR-based fragment
length polymorphism method, as previously described [19].
The primers were designed to target the 16 bp duplication in
intron 3 of TP53, as previously described [19]. Briefly, 50 ng
of genomic DNA was amplified using 2X SYBR green PCR
master mix (Applied Biosystems), 5 uM forward and reverse
primers targeting rs17878362, and nuclease-free water to a
total volume of 11 pl. Amplification was performed using
a 7500 real-time PCR system (Applied Biosystems), using
the cycle conditions of 95 °C for 10 min for 1 cycle, and
95 °C for 15 s and 56 °C for 60 s for 40 cycles. Following
amplification, the fragmented DNA was separated by elec-
trophoresis on a 4% agarose gel and visualised by UV light
following GelGreen staining (Gene Target Solutions, NSW,
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Australia). The allele homozygous for no duplication (A1l/
Al) depicted a 119 bp fragment, heterozygous for the dupli-
cation (A1/A2) showed a 119 bp fragment and a 135 bp frag-
ment, and the allele homozygous for the duplication (A2/
A2) depicted a 135 bp fragment only (Online Resource 1,
Supplementary Fig. 1).

Sequencing of TP53 fragment

To confirm genotyping results, the fragmented DNA from
10% of the genotyped cases and controls was sequenced by
dideoxy sequencing as previously described [20].

Statistical analysis

Power calculations were assessed using Quanto (Version
1.2.4, May 2009, University of Southern California Bio-
stats, USA). We calculated that with our 436 controls and
656 TNBC cases, we would have 80% power at p=0.05
to detect a 3% difference between the groups, assuming a
type 1 error rate of 0.05 (@¢=0.05) and a type II error rate
of 0.2 (1 - p=0.8) with a minor allele frequency of 6.5%.
Therefore, our study has enough statistical power to deter-
mine differences in risk greater than 3%, and provide sta-
tistically significant results with increased risk defined as
an odds ratio (OR) > 2. Hardy—Weinberg Equilibrium was
calculated in the control groups using a goodness of fit X2
test. The genotype frequencies in these populations fit the
Hardy—Weinberg Equilibrium (Online Resource 1, Supple-
mentary Table 1). All statistical analyses were performed
as previously described [19]. Briefly, the genotype frequen-
cies of the PIN3 polymorphism were compared in cases and
controls using Chi-squared (Xz) analysis and ORs and 95%
confidence intervals (CI) were calculated using uncondi-
tional logistic regression and multinomial regression for “by
cancer type” outcomes. Population subsets and age-adjusted
regression models were assessed as a sensitivity analysis;
there was no change to crude genetic effect. T tests were
used to determine the differences in the age at diagnosis
of the different breast cancer subtypes by their genotype.
Kaplan—Meier plots and Cox proportional hazards models
were used to assess the differences in breast cancer-specific
hazards. The time period used to assess survival was defined
as the time between a patient’s first breast cancer event and
death or follow-up. Survival time was censored at 10-year
follow-up. Fine and Gray’s competing risk models were used
to assess cancer-specific survival, and the significance levels
of all tests were set at p < 0.05 (two-sided) and corrected for
multiple comparisons using the Bonferroni method.

Results

Prevalence of the PIN3 genotype in the germline
of ER-positive and triple-negative breast cancer

All TNBC and ER-positive breast cancer cases (n=656 and
648, respectively) and controls (n=436) were analysed for
their PIN3 (rs17878362) genotype: A1/A1 (0/0; no duplica-
tion), A1/A2 (0/16; heterozygous for the duplication) and A2/
A2 (16/16; the duplication is present). The clinical character-
istics of the participants used in this study, including age at
diagnosis, tumour grade, breast cancer subtype, outcome and
their PIN3 genotypes, are shown in Tables 1 and 2. The TNBC
patient cohort consisted of two populations, one sourced from
the Australian Breast Cancer Tissue Bank (ABCTB) and a Pol-
ish cohort. In all cases, the mean and median age was assessed
and compared between the cases and controls (Tables 1, 2).

Table 1 shows that there was a significant difference in age
between the cases and controls (mean age Controls =68.49,
TNBC =57.58, ER-positive =58.90; p <0.0001). Within
the cases, there were significantly more high-grade tumours
(87% of TNBCs were GA or Grade 3, whereas 66% of ER-
positive were grade 3, p <0.0001) and deaths (9.6% of cases
in TNBC versus 3.9% in ER-positive cases, p <0.0001), in
TNBC patients, when compared to those that were ER-pos-
itive (Table 1). There was no significant difference in the
PIN3 genotype between ER-positive and TNBC cases or con-
trols (Table 1). Additionally, no significant differences were
observed between the Australian and Polish TNBC cohorts
(Online Resource 1, Supplementary Table 2).

Table 2 shows a summary crossed by genotype, and no
significant differences were observed.

Association of the PIN3 genotype with breast cancer
risk

To test for an association of the PIN3 genotype with ER-
positive and triple-negative breast cancer subtypes, a logistic
regression analysis was performed using an additive model
of allelic distribution. While there was a trend for decreas-
ing risk with the addition of alleles in ER-positive disease
(OR 0.921; 95% CI1 0.716—1.184), and a small increase in
risk (OR 1.041; 95% CI 0.814-1.331) with the addition of
alleles in TNBC cases, these differences were not significant
(p=0.5548, Table 3). Logistic regression analysis confirmed
that there was no population bias (Online Resource 1, Sup-
plementary Table 3).
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Table 1 Comparison of clinical

TNBC (n=656) ER+ (n=648) Total (N=1740) p value

. A : Variable Control (n=436)
information between different
breast cancer subtypes and Age
controls Mean (SD) 68.49 (7.36)
Median (min, max) 69 (55, 86)
Death
Alive
Dead
Missing 436
Genotype
0/0 325 (75%)
0/16 104 (24%)
16/16 7 (1.6%)
Missing 0
Tumour grade
Control 436 (100.0%)
Gl
G2
G3
GA
Missing 0

57.58 (12.87) 58.90 (13.15)  60.80 (12.66) <0.0001
58 (26, 90) 59 (25, 95) 61 (25, 95)
593 (90%) 623 (96%) 1216 (93%) <0.0001
63 (9.6%) 25 (3.9%) 88 (6.7%)
0 0 0
488 (74%) 498 (77%) 1311 (75%) 0.6956
152 (23%) 137 (21%) 393 (23%)
16 (2.4%) 13 (2.0%) 36 (2.1%)
0 0 0
436 (25%) <0.0001
2(0.3%) 51 (7.9%) 53 (3.1%)
84 (13%) 172 (27%) 256 (15%)
436 (68%) 425 (66%) 861 (50%)
122 (19%) 122 (7.1%)
12 0 12

ABCTB Australian Breast Cancer Tissue Bank, TNBC triple-negative breast cancer, ER+ ER-positive, G/-3

Grade, GA Grade alternative

Association of the PIN3 genotype with breast cancer
survival

Next, survival analysis was performed to determine if the
addition of PIN3 was indicative of worse disease-free sur-
vival in ER-positive or TNBC patients. The two genotypes
that were identified were 0/0 and the combination of one
allele or more (0/16 or 16/16). Kaplan—Meier survival plots
demonstrated no significant difference in survival outcomes
of patients with ER-positive, TNBC or a combination of the
two breast cancer subtypes and the PIN3 genotype (Fig. 1).
The hazard ratios are shown in Table 4.

Discussion

Breast cancer is a heterogeneous disease that consists of
a number of different pathological subtypes. These differ-
ent subtypes can be classified as being either ER-positive
(Luminal subtypes) or ER-negative (TNBC, basal, HER2+).
ER-positive breast cancers have a favourable outcome due
to the effectiveness of targeted therapies such as Tamoxifen,
while the ER-negative breast cancer, TNBC, is an aggres-
sive subtype with poor prognosis. As such, understanding
the mechanisms which drive the development of particular
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subtypes of breast cancer is crucial to improving survival
outcomes.

Meta-analyses have previously shown that the 16/16
genotype is significantly associated with an increased risk
of developing breast cancer. He et al. (2011) showed an
increase in breast cancer risk using either a dominant (OR
1.14,95% C1 1.02-1.27, p 0.017), recessive (OR 1.61, 95%
CI 1.21-2.25, p=0.001) or additive model (OR 1.66, 95%
CI 1.24-2.21, p=0.001,) in 3,700 cases compared to 3,332
controls [14]. This was confirmed by Wu et al. (2013) who
summarised 19 studies. They found better stratification
using large sample sizes (> 500 subjects, dominant model:
OR 1.52,95% CI 1.11-2.08; recessive model: OR 1.49,
95% CI 1.10-2.03), and significant differences were identi-
fied using a dominant model (OR 1.21, 95% CI 1.03-1.41,
p=0.001) but not a recessive model (OR 1.28, 95% CI
0.87-1.89) in their meta-analyses [15]. Sagne et al. (2013)
found a slight, but significant increased breast cancer risk
in heterozygotes (OR 1.18, 95%, CI 1.02-1.37, p<0.01),
with no altered breast cancer risk in homozygotes (OR 1.41,
95% CI 0.97-2.06) [13]. Furthermore, these meta-analyses
showed that the OR was dependent on ethnicity, tending to
be lower in populations of European origin, and no differ-
ences were observed based on the familial or sporadic origin
of the disease [13-15].

In contrast, we did not find an association between the
PIN3 genotype and either ER-positive breast cancers or
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Table2 Association of PIN3
genotypes with breast cancer

subtype risk

Variable Genotype
0/0 (n=1311) 0/16 (n=393)  16/16 (n=36)  Total (N=1740)  p value
Age
Mean (SD) 60.81 (12.67) 61.04 (12.68) 58.03 (12.04) 60.80 (12.66) 0.3943
Median (min, max) 61 (26, 95) 62 (25, 90) 59 (32,79) 61 (25, 95)
Cohort
Polish 220 (17%) 65 (17%) 10 (28%) 295 (17%) 0.2153
Australian 1091 (83%) 328 (83%) 26 (72%) 1445 (83%)
Missing 0 0 0 0
Cancer type
Control 325 (25%) 104 (26%) 7 (19%) 436 (25%) 0.6956
ER+ 498 (38%) 137 35%) 13 (36%) 648 (37%)
TNBC 488 (37%) 152 (39%) 16 (44%) 656 (38%)
Missing 0 0 0 0
Data source
ABCTB TNBC 268 (20%) 87 (22%) 6 (17%) 361 (21%) 0.5606
Control 325 (25%) 104 (26%) 7 (19%) 436 (25%)
ABCTB ER+ 498 (38%) 137 (35%) 13 (36%) 648 (37%)
Polish TNBC 220 (17%) 65 (17%) 10 (28%) 295 (17%)
Missing 0 0 0 0
Death
Alive 917 (93%) 271 (94%) 28 (97%) 1216 (93%) 0.6964
Dead 69 (7.0%) 18 (6.2%) 1(3.4%) 88 (6.7%)
Missing 325 104 7 436
Tumour grade
Control 325 (25%) 104 27%) 7 (19%) 436 (25%) 0.4691
Gl 44 (3.4%) 9(2.3%) 53 (3.1%)
G2 193 (15%) 55 (14%) 8 (22%) 256 (15%)
G3 652 (50%) 193 (49%) 16 (44%) 861 (50%)
GA 87 (6.7%) 30 (7.7%) 5 (14%) 122 (7.1%)
Missing 10 2 0 12

ABCTB Australian Breast Cancer Tissue Bank, TNBC triple-negative breast cancer, ER+ ER-positive, G1-3

Grade, GA Grade alternative

Table 3 Logistic regression with an additive model in all breast cancers, ER-positive or TNBC cases

Model Odds ratio Odds ratio Type 3 Test
estimate -
Lower 95% confidence ~ Upper 95% confidence =~ Wald Chi-square P value R?
limit for odds ratio limit for odds ratio
Cancer 0.981 0.786 1.225 0.0286 0.8658 0.0001
Cancer type 0.921 0.716 1.184 1.1784 0.5548 0.0001
1.041 0.814 1.331

ER+ ER-positive, TNBC triple-negative breast cancer

p value: based on an additive assumption model relative to the 0/0 genotype

TNBC. Furthermore, there was no significant associa-  meta-analyses and is not likely to be the cause of the lack
tion of the 16/16 genotype with breast cancer, regardless  of association found in this study. A major confounding
of ER expression. In our analyses, we used an additive  factor affecting the PIN3 polymorphism distribution is
model of allelic distribution, which was used in previous  the geographical origin of the cohort and ethnicity. We
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Fig. 1 Kaplan—Meier plot of overall survival in different breast can-
cer subtypes between the two genotype categories (0/0 and 0/16 or
16/16). a ER-positive cohort (n=648), b TNBC Australian cohort
(n=361), ¢ combined breast tumour cohorts (Australian cohorts only;
n=1009)

were unable to ascertain sufficient ethnic information for
our breast cancer cohorts, and as such this could not be
accounted for during analysis, and may provide one reason
for the discrepancy between our results and others. Addi-
tionally, our study may have been underpowered to observe
the small albeit significant effects that have been seen in
larger meta-analyses [13—15].

Hrstka et al. [11] reported an association between PIN3
in tumour tissues and lymph node positivity (p =0.0193,
X2 test), suggesting that it may be implicated in tumour
progression or survival. Our previous studies have sug-
gested an association of somatic PIN3 genotypes with
better breast cancer outcomes [OR 5.590; 95% CI
0.9656-8.217, p=0.0586 (Log-rank), p =0.0427 (Gehan-
Breslow)] [12]. However, in the current study, we did not
observe any differences in risk between the genotypic
frequencies and the more aggressive TNBC, and no asso-
ciation between allelic frequencies with overall survival.
This is supported by other reports that also showed no
association between the PIN3 genotypic frequencies and
different breast cancer clinical features [21]. This may
be in part to these studies investigating the frequency of
the polymorphism in tumour DNA, not the genomic DNA
from whole blood.

Taken together, our results do not support an associa-
tion of the PIN3 genotype with increased breast cancer risk,
either in ER-positive or ER-negative patients. This sug-
gests that the addition of the polymorphic allele may be an
acquired change during tumour progression, but that it may
not be a necessary determinant of tumour development. Fur-
ther studies in larger cohorts are required to confirm these
results.

Table 4 Cox Proportional

Model? Label 95% Confidence Interval

model of the effects between

genotypes Hazard ratio Lower Upper P value
Combined Genotype 0/16 or 16/16 1.119 0.725 1.725 0.6118
TNBC Genotype 0/16 or 16/16 1.081 0.559 2.088 0.8174
ER+ Genotype 0/16 or 16/16 1.158 0.651 2.060 0.6180

P value: compared to patients with 0/0 genotype

TNBC triple-negative breast cancer, ER+ ER-positive

4All models adjusted for age, combined model adjusted for breast cancer cohorts
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