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Abstract

Background: Phosphatidylinositol-4, 5-Bisphosphate 3-Kinase Catalytic Subunit Alpha (PIK3CA) mutations
have been reported to be associated with resistance to therapy in Human Epidermal growth factor Receptor 2
(HER?2) positive breast cancers. This study became imperative to determine the expression pattern of this mutant
protein together with Estrogen Receptor (ER), Progesterone Receptor (PR) and K167 in order to serve as a useful
predictive tool in the management of HER2 positive breast cancers. Methods: A total of 53 HER2+ breast cancer
tissue blocks were used for the study. HER2, ER, PR, PIK3CA and K167 protein expressions were evaluated using
immunohistochemistry and scored using semi-quantitative method. Result: The mean age of subjects was 47
years and the breast cancers were all invasive ductal carcinoma. Twenty nine (54.7%) was ER+ while 24 (45.3%)
was ER-. Twenty one (39.6%) was PR+ while 32 (60.4%) was PR-. Twenty one (39.6%) was PIK3CA negative,
9 (35.8%) showed low PIK3CA, while 13 (24.5%) showed high PIK3CA. Thirty four (64.2%) was negative for
K167, 11 (20.8%) showed low K167, while 8 (15.5%) showed high KI67. There was weak and moderate positive
relationship between ER/PR status and PIK3CA (r=-0.032; p=0.822) and K167 (r=0.050; p=0.721) respectively.
A weak negative correlation between KI67 and PIK3CA (r=-0.118; p=0.401) was observed with 12 (22.4%) of
the 13 highly positive PIK3CA cases showing either negative or low for KI67 immunoreactivity while 7 (13.2%)
of the 8 highly positive KI67 cases showed either negative or low PIK3CAimmunoreactivity. Conclusion: This
study established a moderate expression of PIK3CA mutant protein in HER2 + breast cancers. It also pointed out
an existing interesting relationship between PIK3CA and K167, which can be further revealed in future studies.
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Introduction

Female breast cancer is currently the leading cause of
global cancer incidence, with an estimated 2.3 million new
cases, representing 11.7% of all cancer cases [1]. It is the
fifth leading cause of cancer mortality worldwide, with
685,000 deaths [1]. Among women, breast cancer accounts
for 1 in 4 cancer cases and for 1 in 6 cancer deaths, ranking
first for incidence in the vast majority of countries and
for mortality in 110 countries [1]. Nigeria is the most
populous country in Africa, with approximately 20% of the
continent’s population and slightly more than half that of
West Africa [2, 3]. According to Global Cancer Statistics

2020, the incidence of breast cancer in Nigeria is 22.7 per
100,000 women and its age standardized mortality ratio
is 18.1 per 100,000 women and the Syear prevalence of
breast cancer in Nigeria is 59.31 [1]. Among other factors,
the growing cases of breast cancer in Nigeria seemed to
have been worsened by the steeply increasing size of
the population at risk [4]. Clinically, breast cancers are
categorized into subtypes, to facilitate targeted therapy,
using the three standard immunohistochemical markers,
viz; ‘luminal A’ (ER+ and/or PR+ & HER2-), ‘luminal
B’ (ER+and/or PR+, HER2+), ‘HER2 overexpressing’
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(ER-, PR-, HER2-) [5]. HER2 overexpressing breast
cancer is an aggressive form of the disease and about one
in five women diagnosed with breast cancer worldwide
will have HER2-positive breast cancer [6]. The natural
history and prognosis of breast cancer cells expressing
high levels of HER2 is associated with more aggressive
tumors and poor sensitivity to standard chemotherapeutic
agents [7].

Although Trastuzumab, a humanized monoclonal
antibody to the HER2 protein, has shown efficacy in
patients whose tumors are HER2+[8], however, the
overall response rate to trastuzumab is low, and almost
half of patients with HER2-positive breast cancer exhibit
a primary resistance to trastuzumab-based therapy
[9, 10, 11]. Resistance to trastuzumab, is a major clinical
concern facing breast oncologists today. This prompted
research into the mechanisms of Trastuzumab resistance,
which are thought to underlie failure of therapy of
which PIK3CA mutation, reported to be present in over
one-third of breast cancer cases [12], has been highly
implicated [13, 14, 15, 16]. PIK3CA mutation frequency
varies among breast cancer subtypes and among
different geographical locations and has recently been
found to be increasing. While several testing methods
and chemotherapeutic agents have been developed to
identify and target the phosphoinositide 3-kinase (PI3K)
pathway, the therascreen PIK3CA mutation assay and the
alpha-specific PI3K inhibitor alpelisib have been approved
by Food and Drug Administration (FDA) for identifying
and treating patients with advanced PIK3CA-mutated
breast cancer. In Nigeria so far, HER2 positive breast
cancer patients are placed on trastuzumab therapy without
testing their PIK3CA mutation status despite the fact that
the PIK3CA mutation assay and the alpha-specific PI3K
inhibitor alpelisib have been approved by Food and Drug
Administration (FDA) for identifying and treating patients
with advanced PIK3CA-mutated breast cancer [17].
This study was therefore, aimed at evaluating PIK3CA
and KI67 immunoreactivity pattern as predictive and
therapeutic biomarkers in HER2 positive breast cancers.
While several studies have been previously conducted to
determine expression patterns of PIK3CA and KI67 in
breast cancers, in Nigeria so far, there is no data available
about PIK3CA mutations frequency in HER-2 positive
breast cancer patients, neither is there any research that
considered relating PIK3CA with the proliferative marker
K167, these gap in knowledge, when bridged could be
of help in future research and in clinical application of
PIK3CA as a predictive marker for anti-HER2 therapy.
Determining the expression pattern of PIK3CA in
HER2 positive breast cancer patients before treatment
is commenced will help to identify those who will likely
have primary resistance to trastuzumab-based therapy and
are most likely to benefit from treatment using a PI3K
inhibitor; and relating the PIK3CA expression pattern
with the proliferative marker KI67 will help identify
the proliferative pattern of mutant HER2 positive breast
cancers. This study therefore becomes imperative to
evaluate PIK3CA and KI67 immunoreactivity in HER2
positive breast cancers. Since it has been established

in the literature from previous studies that almost
half of patients with HER2-positive breast cancer exhibit
a primary resistance to trastuzumab-based therapy,
rather than subjecting these patients to the various side
effects of trastuzumab-based therapy which they may not
benefit from, assessment of PIK3CA and KI67 immuno-
reactivities could be a promising good combination for
prediction of treatment response in HER2 positive breast
cancer patients and can help guide to a more timely and
adequate treatment plan for these group of patients. Due
to the present challenge of resistance to therapy among
HER2 positive breast cancer patients, which has been
linked to PIK3CA mutations, the mutation which when
present in tumors has been stated to result to increase in
proliferation of the tumor cells (increased ki67 index), this
study therefore, evaluated the immunoraectivity pattern of
PIK3CA and KI67 in HER2 positive breast cancers.

Materials and Methods

Study design

This was a retrospective cross sectional study carried
out at Nnamdi Azikiwe University Teaching Hospital
(NAUTH) Nnewi, to determine the association of
PIK3CA, KI67, ER and PR in HER2 positive breast
cancers. The research proposal was submitted to Ethics
Research Committee of the hospital for consideration and
an approval was obtained with reference number (NAUTH/
CS/66/VOL.12/224/2019/087), before commencement of
the study.

Tissue samples

A total of 273 breast cancer cases comprising of
65 HER?2 positive and 208 HER 2 negative cases were
recorded from 2015-2019. Of the 65 cases of HER2
positive breast cancer cases, 10 cases were excluded
either because of unavailable clinical data or because of
insufficient tissues in the paraffin blocks. Therefore, 53
formalin-fixed, paraffin wax-embedded archived tissue
blocks of HER2 positive breast cancers were selected for
the study while 4 noncancerous breast tissue specimens
were used as control.

Tissue blocks and the demographic data of the subjects
were retrieved from the archive of Histopathology
department of the hospital. Selected tissue blocks were
trimmed and sectioned at 3-micron (3p) thick sections
on a rotary microtome (HM340E Thermo Scientific.
Massachusetts, United States of America). The sections
were divided into six (6) groups: first group was stained
using Haematoxylin and Eosin staining technique
for confirmation of diagnosis, second group was
stained for HER2,using HER2 monoclonal antibody
kit for confirmation of HER2 positivity while third,
fourth, fifth and sixth groups were stained for ER, PR,
PIK3CA and KI67 respectively, using Avidin-biotin
immunohistochemistry (IHC) method. Archived formalin
fixed paraffin embedded normal breast tissues were used
for study control, while the manufacturer in the purchased
respective antibody kits included IHC control.
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Haematoxylin and Eosin Staining Technique [18]

Sections were stained by haematoxylin and eosin
staining technique and micrographs were taken using
Olympus microscope (BHTU. New York Microscope
Company). The stained slides first underwent independent
blind reviews to reconfirm the diagnosis of breast cancer.
There were diagnostic agreement between the two
reviewers, and so consensus diagnosis was achieved and
no additional reviews were conducted.

Immunohistochemistry (IHC) Staining Technique [19]

The slides were stained using the Avidin-Biotin
complex immunohistochemistry method. Monoclonal
antibodies of HER2, ER, PR, PIK3CA and KI67
were employed. Exposed Mouse and Rabbit Specific
HRP/DAB detection IHC kit were employed for
immunostaining while detection of immunoreactivity was
performed according to manufacturer’s instruction. Both
antibodies and detection kits were procured from Abcam
Plc Cambridge UK. Stained sections were reviewed for
nuclear immunoreactivity.

Negative expression was recorded when none of the
tumor nuclei stained for either HER2, PIK3CA or K167
showed nuclear staining and protein expression was
recorded as positive if both the tumor and internal control
showed nuclear staining. Those tumors showing negative
of expression for HER2, ER, PR, PIK3CA or KI67 in
all tumor nuclei were regarded as negative, and those
tumors with positive expression for ER, PR, PIK3CA
and KI67 were scored and described as either high or
low. Micrographs were taken using Olympus microscope.

Immunohistochemistry Scoring [20]

The immunohistochemical scoring analysis was
performed using semiquantitative scoring method. At least
5 high power fields were evaluated for each tumour and

the staining rate of the tumour cells were calculated.
A mean percentage of stained tumour cells was determined
and graded as follows; negative indicated no stained
tumour cell, immunopositivity: weak for 1-10% positive
tumour cells, moderate for10-50% positive tumour cells,
strong for 51-100% positive tumour cells.

Data Analysis

Data analysis were carried out with the aid of SPSS
version 22. Associations between variables were tested
using Spearman’s correlation analysis. P<0.05 was
considered significant.

Results

Immunoreactivity Pattern of PIK3CA, KI67, ER and PR

The immunoreactivity patterns of estrogen (ER)
and progesterone receptors (PR) in HER2 positive
breast cancers showed 29 (54.7%) and 21 (39.6%)
immunopositivity, and 24 (45.3%) and 32 (60.4%)
negative staining for ER and PR respectively. Similarly,
PIK3CA protein revealed 21 (39.6%) negative staining,
19 (35.8%) low positive staining and 13 (24.5%) high
positive staining while K167 revealed 34 (64.2%) negative
staining, 11 (20.8%) low immunostaining and 8 (15.5%)
high immunostaining (Table 1).

Correlations of ER/PR Status with PIK3CA and KI67
Proteins expression

The correlation of ER/PR status with PIK3CA
protein expression and KI67 protein expression in the
HER2 positive breast cancers are as follows. There was
no significant relationship between ER/PR status and
PIK3CA protein expression (r=-0.032; p=0.822). Of the
13 cases that showed high PIK3CA protein expression,
7 were hormone receptor positive while 6 were hormone

Table 1. ER, PR, PIK3CA and K167 Immunoreactivity Pattern in HER2 Positive Breast Cancers

Immunoreactivity Pattern Estrogen Receptor (ER)

Progesterone Receptor (PR)

PIK3CA KI67

Negative 29 (54.7%)
Low Positive 24 (45.3%)
High Positive -

Total 53 (100%)

32 (60.4%) 21 (39.6%)
21 (39.6%) 19 (35.8%)

- 13 (24.5%)
53 (100%) 53 (100%)

34 (64.2%)
11 (20.8%)
8 (15.5%)
53 (100%)

Table 2. Correlations of ER/PR Status with PIK3CA Protein Expression and KI67 Protein Expression in HER2
Positive Breast Cancers

ER/PR KI67 PIK3CA
Correlation coefficient 1.000 0.05 -0.032
ER/PR Sig. (2-tailed) 0.721 0.822
N 53 53 53
Correlation coefficient 0.05 1.000 -0.118
K167 Sig. (2-tailed) 0.721 0.401
N 53 53 53
Correlation coefficient -0.03 -0.118 1.000
PIK3CA Sig. (2-tailed) 0.822 0.401
N 53 53 53
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receptor negative. There was a non significant weak
positive correlation (r=0.050; p=0.721) between ER/
PR status and K167 expression. Out of the 8 cases that
had high K167 indices, 5 (9.4%) were hormone receptor
positive while 3 (5.6%) were hormone receptor negative.
There was a weak negative correlation (r=-0.118) between
ki67protein expression and Pik3CA protein expression,
though the data are not significant (p=0.401). Out of the
13 high cases of PIK3CA protein expression, 12 (22.4%)
corresponded with negative/low K167 protein expression,
and out of the 8 high cases of K167 protein expression, 7
(13.2%) corresponded with negative/low PIK3CA protein
expression (Table 2).

Immunohistochemical staining micrographs of breast
tissues

Platel is representative photomicrographs of the
stained slides from the current study. Showing from left
to right; (A) negative, (B) low and (C) high expression of
PIK3CA protein and K167 (D) negative, (E) low and (F)
high expressions in HER2 positive cancers. The staining
patterns were identified by the negative, mild and intense
brown colorations of the nuclei of the cancer cells
(Figure 1).

Discussion

The findings of the study showedHER2 positive
cancers with higher percentage of ER positive tumors
than were PR positive tumors. This corroborates the
findings of Elwy et al [21] who also had more ER
positive cases compared to PR positive cases. This is
quite understandable because ER positive tumors are the
most prevalent of all the molecular subtypes of breast

cancer. Contrarily, PIK3CA immunoreactive cancers had
more positive PR staining than ER. This however, did
not agree with the report of Allison [22], who observed
and reported that ER positive tumors tend to harbor more
severe genetic aberrations when compared to PR positive
tumors. Olivotto et al [23], in a related study reported that
PR positive tumors are hardly ER negative, which agrees
with the finding of this study, as only on one instance did
we have a PR positive tumor that was ER negative. The
low percentage of ER positive tumors with PR negative
disagrees partly with the observation Rakha et al [24],
who found approximately 40% ER positive tumors to
be PR negative. Similarly, the percentages of bi-positive
(35.8%) (ER+PR+) and bi-negative cancers in the present
study did not agree with that earlier reports of Rakhaet al
[24] and Dunnwald et al [25] but partly corroborated the
reports of Elledge et al [26] and Bardou et al [27]. The
current report could probably, be due to the fact that the
current study was limited to only HER2 positive breast
cancers while Rakha et al [24] in their study included all
breast cancer types. The disagreement could attributable
to variations in age, geographical location and the scope
of the subjects involved.

The expression pattern of PIK3CA protein as reported
in the present study (24.5%) disagrees with a related study
by Elwy et al [21], Lian et al [28], Aziz et al [29] and
Shimoi et al [31]. Elwy et al. (2017) [22] and Lian et al.
(2020) [28], reported low frequency of 3.7% and 15.7%
respectively while Aziz et al [29] and Shimoi et al [30]
reported higher expression frequencies of 45% and 33%
respectively. The variations in expression frequency could
be explained by the different geographical locations and
the breast cancer subtypes in the various studies involved.
The importance of the finding lies in the fact that PIK3CA
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Figure 1. Plate I, Immunohistochemical Staining of Breast Tissue, Showing from Left to Right; (A) Negative, (B) Low
and (C) High Expression of PIK3CA Protein and K167 (D) Negative, (E) Low and (F) High Expressions in a HER2
Positive Cancers. X400 Magnifications.
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protein was over-expressed in certain kinds of breast
cancers and this should for an insight when planning
treatment regimen for individual patients. This also,
suggests that PIK3CA mutations (expression) in breast
cancer vary among different breast cancer subtypes and
different geographical locations. A lesser percentage 8/53
(15.0%) of the tumors in the current study expressing
Ki67 protein disagrees with the finding of Yerushalmi et al
[31] who reported that HER2 positive tumors are usually
associated with high K167 expression. The high frequent
negative and low KI67 expression pattern may suggest less
aggressive tumors and better prognosis, but could also be
a function of geographical location and cancer sub-type.

A non-significant moderate positive relationship exist
between ER/PR status and PIK3CA protein expression
(r=-0.032; p=0.822). This corroborates previous studies by
Lian et al [28] and Elwy et al [21] who found no significant
correlation between PIK3CA and ER/PR expression.
The present study reported that13% ER/PR positive and
11.3% ER/PR negative cancers were highly positive for
PIK3CA respectively. This is in line with the findings of
Ahmad et al [32]; Hu et al [33] and Wu et al [34], who
found that the PIK3CA somatic mutations in hormonal
positive/HER?2 positive breast cancers are more common,
though the data were not significant. This however, partly
disagrees with the earlier report by Arsenic et al [35],
where the PIK3CA mutations rate was higher in ER+PR+/
HER?2 (-) cancers compared to ER+PR+/HER2 (+) cases
and those of Elwy et al [21] who observed that ER-/PR-
breast cancer pattern had more PIK3CA mutation when
compared with ER+/PR+ pattern. There seems to be an
ill-defined relationship between hormone secreting breast
cancers and non-hormone secreting ones, which cannot be
fully elucidated in the current study. The study observed
that hormone secreting breast cancers slightly express
more PIK3CA than non hormone secreting breast cancers,
which, however, calls for further studies.

There was a moderate positive correlation (r=0.050)
between ER/PR status and K167 expression, but the data
are not significant (p=0.721). A greater percentage 5/8
(9.4%) of the tumors with high KI67 immunoreactivity,
were hormone receptor positive while a lesser percentage
3/8 (5.6%) were hormone receptor negative. This is
contrary to the observation made by Yerushalmi et al [31]
who reported high K167 index is associated with hormone
receptor negative status, but in line with previous studies
by Parise and Caggiano [36] and Howlader et al [37] who
reported that luminal B breast cancers (HR+/HER2+)
are defined by being highly positive for the protein ki67.
Whereas the present study observed greater number
of the high KI67 index cases were hormone receptor
positive, the percentage may not be enough to conclude
that hormone-secreting breast cancers were defined by
being highly positive for the protein K167, however, the
relationship should be elucidated further.

The study further observed a weak negative correlation
(r=-0.118) between K167protein expression and PIK3CA
protein expression, though the data were not statistically
significant (p=0.401). This suggests that high PIK3CA
protein expression suppresses cellular proliferation.
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This seemingly interesting finding looks rather like
a contradiction of an established fact that links PIK3CA
protein activation with cellular proliferation in tumors.
This observation however, may not be unconnected to
a unique character of mutant HER2 positive breast cancers.
The PIK3CA expression therefore, rather conferring
disadvantage to breast cancer patients expressing
them(because of the resistance to chemotherapy which it is
known to cause), potentially promises to be an advantage
to HER2 positive breast cancers by decreasing the
proliferation rate of the cancer cells. Recall that, according
to Denkert et al [38], low proliferating tumors, even when
not responding to chemotherapy have good prognosis (low
Ki67 linked to good outcome) whereas, high proliferating
tumors that are chemotherapy or hormone therapy resistant
have poor prognosis (high Ki67 linked to poor outcome).
It is noteworthy, however, that although, this finding looks
interesting and promising, the relationship is weak and
therefore, requires further studies to provide more insight.

Summarily, to the best of our knowledge, the present
study is the first one which investigated PIK3CA mutations
in HER2-positive breast cancers in Nigeria and the first
to investigate the relationship between PIK3CA and K167
in these subjects. The PIK3CA expression frequency
obtained in the present study (24.5%) is moderate
compared to the frequencies of previous studies. A greater
percentage of the tumors (85%) were either negative or
low for the proliferative marker KI67expression. There
was no significant relationship between ER/PR status
and PIK3CA or between ER/PR status and KI167. The
current study revealed a non-significant inverse interesting
relationship between PIK3CA and K167. In conclusion, the
knowledge of pretreatment PIK3CA mutation status and
KI67 index of HER2 positive breast cancers potentially
favors HER2 positive breast cancers as evident in the
low or negative K167 immunoreactivity in high PIK3CA
immunoreactive breast cancers. This indicated a low
tumor proliferation rate in PIK3CA mutant HER2 positive
breast cancers. Further studies, with larger sample sizes
to quantitative and unravel the mutation sequence will
be undertaken to reveal the actual relationship between
PIK3CA and K167 proteins expression.
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