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Expression Patterns of ER, PR, HER-2/neu and
P53 in Association with Nottingham Tumour
Grade in Breast Cancer Patients
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ABSTRACT: Objectives: Recent molecular studies show that breast cancer (BC) is a heterogeneous disease, and
several molecular changes may accumulate over time to influence treatment response. As a result, employing reliable
molecular biomarkers to monitor these modifications may help deliver personalised treatment. However, this may
be unrealistic in the resource-limited parts of the world. Thus, this study aimed to investigate the expression pattern
of hormone receptors and p53 tumour suppressor using immunohistochemistry (IHC) in BC compared to the
traditional tumour grade. Methods: In total, 205 cases were investigated, and the Modified Bloom-Richardson
score system was adopted in grading the tumours. The tissue sections of the cases were stained with specific primary
antibodies at dilutions of 1:60 for oestrogen receptors (ER) and progesterone receptors (PR), 1:350 for the human
epidermal growth factor (HER-2/neu) and 1:50 for p53. Results: Invasive ductal carcinoma of no-specific type (n =
190, 92.7%) was predominant and grade II tumour (n = 146, 71.2%) was the most frequent. Hormone receptors ER
(n=127) and PR (n = 145) had 62.0% and 70.7% positive cases, respectively; 34.1% (n = 70) were positive for HER-2/
neu, while 76.1% (n = 156) were positive for p53. Significant associations between Nottingham grade and expression
patterns of ER (P <0.01), PR (P <0.001), HER-2/neu (P <0.001) and p53 (P = 0.001) were observed. Conclusion:
Nottingham grade had a high degree of concordance with the patterns of expression of hormone receptors, HER-
2/neu and p53, suggesting that it may play an important role in connection with the predictive and prognostic
biomarkers for BC.
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ADVANCES IN KNOWLEDGE
- -Grade Il tumours displayed higher levels of oestrogen receptor (ER) and progesterone receptor (PR) expression than grade I1I tumours,
indicating that as the disease progresses, the proportion of cells expressing ER and/or PR steadily declines.

'

Similarly, higher hormone receptor (HR) positivity was observed in the current study than in many black populations, including Guinea,
Ghana, South Africa and Mali, emphasising potentially identifiable intra-racial factors influencing the diverse variation.

Some patients had higher grades in the human epidermal growth factor (HER-2/neuw)+ expression group than in the HER-2/neu-
expression group while having lower grades in ER+ and PR+ expression groups than the ER- and PR- group of the highest grade I11.

'

This study found a higher HER-2+ than the majority of previous studies, but most of these cases co-expressed HR+ with HER-2/neu-
rather than HER-2+ tumours, indicating that these cancer types are responsive to hormone treatment, have a better prognosis and are
less aggressive. This observation contrasts with the prevailing belief that the black population tends to exhibit aggressive breast cancer
presentation.

The proportion of TNBC patients was relatively low, implying that hormone or targeted therapies focusing on HER-2 would benefit the
majority of cancer patients.

APPLICATION TO PATIENT CARE

- The cancer phenotype can exhibit location-dependent variations due to several factors, including genetic predisposition, lifestyle and
environmental influences.

- Further, it was observed that underlying factors for regional, ethnic or racial variation can impact the expression patterns of various
biomarkers. As a result, this study implies that understanding regional variations in cancer phenotype and biomarker expression
patterns, as well as tumour grade, can help guide personalised treatment decisions, optimise therapy selection and potentially improve

patient outcomes.
ANCER CONTINUES TO BE ONE OF THE cancer (BC) is more common in developed countries,
deadliest non-communicable diseases world- a recent GLOBOCAN estimate shows that Africa
wide.! Although the literature shows that breast constitutes a nerve-racking proportion of BC deaths,
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possibly due to poorer prognosis and limited access
to appropriate diagnosis and treatment.” Before the
advent of molecular diagnosis, most cases of BC were
solely diagnosed using histological methods. The
histological method is still commonly and exclusively
used in many African countries, especially in low-
resource settings.?

In this new genomic era, molecular markers are
gaining wide acceptance as sensitive and inclusive
methods to understand the behaviour of advanced
cancers. Specifically, hormone receptors (HR) p53,
Ki67 and human epidermal growth factor receptor 2
(HER-2/neu) are used for the diagnosis, classification,
prognosis and prediction of response to therapy in BC;
even so, histological assessment is primarily used.*
Each of these biomarkers is important in diagnosing
BC and may sometimes correlate with other diagnostic
indicators. The overexpression of HER-2/neu has been
linked to a higher histological grade, increased tumour
size, the number of affected lymph nodes, p53 mutation
and lower oestrogen receptor (ER) expression (or
even ER expression in some cases).” Similarly, ER and
progesterone receptor (PR) patterns have been linked
to BC grade, thereby potentially influencing treatment
options.®” Furthermore, a mutation in the p53 gene,
which is a tumour suppressor gene, represents a
genetic predisposition to cancers and has been
associated with tumour aggressiveness, making them
a possible indicator of histological grade.®*
grade
description of a tumour’s level of aggressiveness and

Meanwhile, histological enables a
is regarded as a forerunner for the morphological
evaluation of tumour’s biological characteristics.”
According to a study on gene expression, histological
grade reveals information about the molecular makeup
of BC in addition to tumour size or lymph node
involvement.!! Furthermore, evidence from genome-
wide microarray-based expression profiling elucidates
many characteristics of tumour biology in BC, adding
to the evidence that the biological features revealed by
histological grade are critical in determining tumour
behaviour.!

The investigation of the connection between
histological grade and molecular biomarker expression
patterns is thought to add to the body of diagnostic
knowledge, particularly in the areas where molecular
testing is currently lacking. Even though they are
complementary, more research is needed to determine
the magnitude of the relationship between traditional
tumour grading and the more contemporary immuno-
histochemistry (IHC) methodologies, particularly
regarding expression patterns. This attempt may
highlight the importance of histological grade in low-
resource settings as a low-cost, easy, accurate and

validated approach to diagnosing BC. In the present
study, the frequency and patterns of expression of
some clinically significant molecular markers in
patients with BC were investigated. Furthermore, the
link between the biomarkers’ expression patterns and
histological tumour grade was explored to determine
their role in disease diagnosis.

Methods

This hospital-based retrospective study involved

archival tissue blocks and records of female patients
older than 18 years who were referred to LAUTECH
Hospitals in Osogbo, Osun and Ogbomosho, Oyo
State (at the time of the investigation), Nigeria. This
study included patients who presented between 2005
and 2014 for a breast biopsy or surgery and were
diagnosed with BC in their pathology reports.

Tissue blocks were retrieved, and new thin
sections of approximately 3 um were made using rotary
microtome from formalin-fixed paraffin-embedded
blocks following a previous method.?

Data about the age, histological grade, nuclear
grade, tumour size and lymph node involvement were
extracted from the patients’ records.

Histological classification of the breast tumour was
made following World Health Organization guidelines.
Tumour grading was done using Nottingham modifi-
cation of the Scarft-Bloom-Richardson grading system.
Tumour staging was done using the TNM system
adopted by the International Union against Cancer
and the American Joint Committee on Cancer and
End Results Reporting.™

All samples were evaluated by immunohisto-
chemical (IHC) staining under the direct supervision
of a chief histopathology scientist and reported by
two different consultant pathologists, which were
then compared in a blinded fashion. The procedures
for THC staining were performed using the primary
antibody specific for ER (ER6F11; Dako, Agilent Tech-
nologies, Santa Clara, California, USA), PR (Dako),
HER-2/neu (ERBB2; Dako) and p53 (Do-7; Santa Cruz
Biotechnology Inc., Dallas, Texas, USA) at the Breast
Cancer Laboratory Medical Genetic and Bioethics
Research Unit, Institute for Advanced Medical
Research and Training, University College Hospital,
Ibadan, Nigeria. The sections were exposed to the
primary antibody (dilutions of 1:60 for ER and PR,
1:350 for HER-2/neu, and 1:50 for p53 for 1 hour).
Negative and positive controls were performed by
including the control tissues specified by the antibody
vendors.

The scoring was performed using the modified
immunohistochemical score (‘Quickscore’), a modified

| 527



Expression Pattems of ER, PR, HER-2/neu and p53 in Association with Nottingham Tumour Grade in Breast Cancer Patients

Figure 1: A: Oestrogen receptor (ER)-positive stain at x 40 magnification showing invasive ductal carcinoma (note: that
the tumour cells pick up the stain in the nucleus, and the score in this case was 7). B: Her-2/neu positive stain at x 40
magnification showing invasive ductal carcinoma (note: the intensity score for this case was 3 and Her-2/neu stains in
the membrane compared to ER/progesterone receptor [PR] which stains in the nucleus). C: p53 positive stain at x 40
magnification showing invasive ductal carcinoma (note: the intensity score for this case is 3, and p53 stains in the nucleus

like ER/PR).

semi-quantitative assessment method by Allred et al.”®
Nuclear staining intensity was scored from 0 to 3+ in
combination with the proportion of cells involved to
achieve a range of 0—7 as the final score for ER and
PR positivity [Figure 1]. The criteria used are explicitly
described as follows: ‘Quickscore’ determines the
percentage or range of stained cells from 1 to 4 and
overall intensity from 1 to 3. The scores are added to
give a total maximum score of 7 [Table 1]. Chances
of benefit from hormonal therapy were classified as
follows: 0—1 = no effect, 2—-3 = small (20%) chance of
benefit, 4—6 = moderate (50%) chance of benefit and 7
= good (75%) chance of benefit.

For HER-2/neu expression, the only membrane
staining pattern was scored from 0 to 3+, where 0/1+
indicates negative, 2+ indicates equivocal, and 3+
indicates positive following the standards outlined by

Table 1: Scoring guideline (‘Quickscore’) for oestrogen
receptors and progesterone receptors

Proportion  Observation  Intensity Observation
score score
0 Zero 0 No staining of any
staining nuclei even at high
magnification
1 1-25%
2 26—50%
3 51-75%
4 76-100% 1 Weak staining
(only visible at high
magnification)
2 Moderate staining

(readily visible at
low magnification)

3 Strong staining
(strikingly positive
even at low
magnification)

The score for intensity is then added to the score for proportion, giving
a range of 0-7.
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Ellis et al.** The criteria used are explicitly described
as follows: negative (0 scores) = membrane staining
<10% of the tumour cells or no staining detected;
negative (1+ score) = membrane staining detected in
>10% of the tumour cells or faint staining detected,
and the stain was observed only in some parts of
the membrane; equivocal (2+ score) = a weak-to-
moderate complete membrane staining was detected
in >10% of the tumour cells; positive (3+ score) = a
strong complete membrane staining was detected in
>10% of the tumour cells. The molecular classification
was based on the positivity and negativity of ER, PR,
and HER-2/neu [Figure 1].

For p53 expression, the nuclear staining pattern
was scored from O to 3+, where the numbers 0, 1+,
2+ and 3+ were used to describe the intensity of the
staining of the p53 protein in the cells (reported by
Bergh)."* The degree of staining was used to determine
whether the p53 protein was overexpressed or not. The
numbers 0 and 1+ indicated negative staining, while
the numbers 2+ and 3+ indicated positive staining
[Figure 1C]. The p53 protein was considered negative
if it was not overexpressed or mutated.

The data obtained were reported in percentage
and proportion using descriptive statistics. No sample
size calculation was done and all cases with complete
information were included in the study. The Chi-
square test was used to determine the association
between histological tumour grades (I, II, and III)
against the expression patterns of individual selected
molecular markers (i.e. for ER/PR expression, HER-2/
neu overexpression and p53 mutation). A P value of
<0.05 was considered statistically significant.

Ethical approval was obtained from the LAUTECH
Health Research Ethics Committee. This study posed
no risk to the participants and the community at large.
The data generated were made confidential and no
patients’ names were recorded.
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Table 2: Frequency distribution of tumour grade, size and
lymph node involvement in female breast cancers (N = 205)

Tumour index n (%)
Tumour grade*

1 (low) 16 (7.8)
1I (intermediate) 146 (71.2)
III (high) 43 (21.0)
Tumour size'

pT1 18 (8.8)
pT2 106 (51.7)
pT3 81 (39.5)
Lymph node status*

pNO 156 (76.1)
pN1 46 (22.4)
pN2 3(L5)

“Tumour grade (Nottingham grade): Grade 1 = I; Grade 2 =II; Grade 3
=IIL "Lesionsize in cm: pT1 = <2 cm; pT2 = 2-5 cim; pT3 = >5cm. "Node
positivity: pNO = 0 nodes; pN1 = 1-3 nodes; pN2 = >3 nodes.

Results

A total of 205 cases were investigated for IHC markers
ER, PR, HER-2/neu and p53 immunomarkers. The age
range was 21-87 years (mean = 49.30 years). The peak
age of this incidence was 5059 years. By laterality, the
records showed that BC occurred at nearly the samerate
between the left (n = 103, 50.2%) and the right (n = 102,
49.8%) breast sides among those with complete records.

The most frequent histological phenotype of female
BCrecorded was infiltrating ductal carcinoma (n = 190,
92.7%). Other less frequent types were invasive lobular
carcinoma (n = 8, 3.9%) and medullary carcinoma (n =
3, 1.5%), while the rare frequent phenotypes mucinous
carcinoma, carcinosarcoma, metaplastic carcinoma and
poorly differentiated carcinoma had 1 case each (0.49%
each).

Using Nottingham modification of the Bloom—
Richardson system, the frequency distribution by
tumour grade was recorded [Table 2]. All the cases
had specified tumour sizes ranging between 1 and 22
cm in the widest diameter (mean = 5.8 cm) [Table 2].
Table 2 also illustrates the degree of lymph node (LN)
involvement. LN biopsy was reviewed in the record for
a possible note of metastasis in individual cases.

The Nottingham Prognostic (NPI)
traditionally involves a combination of the assessments

Index

of nodal status, tumour size and histological grade for
its potential survival outcome. It is based on a recent
prognostic scoring, namely, NPI-I (excellent) <2.4;
NPI-II (good) >2.4 to <3.4; NPI-III (moderate) >3.4
to <5.4; and NPI-IV (poor) >5.4.16 The data in the
present study revealed that out of the 205 cases, 63
(30.7%) cases showed a good prognosis, 100 (48.8%)
showed a moderate prognosis and 42 (20.5%) showed
a poor prognosis.

A total of 205 BC cases were processed and
stained for ER, PR, HER-2/meu antigen and p53
positivity and immunostained for ER and PR. Out of
these, 127 (62.0%) cases were ER+, 78 (38.0%) cases
were ER—, 145 (70.7%) were PR+ and 60 (29.3%) were
PR- [Table 3 and Figure 1]. A total of 70 (34.1%) cases
were HER-2/neu+, 81 (39.5%) were HER-2/neu— and
54 (26.3%) were equivocal. For the equivocal result,
the stains were not furthered with fluorescent in
situ hybridisation (FISH) due to limited funding but
considered HER-2/neu— [Table 4 and Figure 1B]. A
total of 156 (76.1%) cases were p53+, while 49 (23.9%)
cases were p53- [Table 4 and Figure 1C].

Associations between the expression profile
of HR (ER and PR), HER-2/meu and p53 were
observed compared to the Nottingham tumour
grade. Furthermore, the pattern of expression in ER
(positivity) showed a significant difference (P <0.01)
compared to the distribution of patients according
to tumour grades in the same way as PR positivity (P

Table 3: Frequency distribution according to oestrogen receptor and progesterone receptor expression status (N = 205)

ER score n (%) Total PR score
Zero 8 (3.9) Zero
78 (38.0)

2 70 (34.1) 2

3 43 (21.0) 3

4 27 (13.2) 4

5 25 (12.2) 127 (62.0) 5

6 14 (6.8) 6

7 18 (8.8) 7

Total 205 (100) 205 (100) Total

ER = oestrogen receptor; PR = progesterone receptor.

n (%) Total Interpretation
15 (7.3) Negative
60 (29.3)
45 (22.0) Negative
61 (29.8) Positive
13 (6.3) Positive
55 (26.8) 145 (70.7) Positive
12 (5.9) Positive
4.(2.0) Positive
205 (100) 205 (100)
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Table 4: Frequency distribution according to HER-2/neu and p53 expression status (N = 205)

HER-2/ n (%) Cumulative Interpretation p53 n (%) Cumulative Interpretation
neuscore score

Zero 21 (10.2) 81 (39.5) Negative Zero 13 (6.3) 49 (23.9) Negative

1+ 60 (29.3) Negative 1+ 36 (17.6) Negative

2+ 54 (26.3) 54 (26.3) Equivocal 2+ 85 (41.5) 156 (76.1) Positive

3+ 70 (34.1) 70 (34.1) Positive 3+ 71 (34.6) Positive
Total 205 (100) 205 (100) Total 205 (100) 205 (100)

HER-2/neu = human epidermal growth factor receptor-2.

<0.001). Likewise, the pattern of HER-2/neu expression
(connecting positive, negative and equivocal staining
distribution among the incident cases) showed a
significant difference (P <0.001) compared to the
Nottingham tumour grade pattern. Additionally, an
association (P = 0.001) between the p53 expression
pattern and the Nottingham tumour grade pattern was
observed.

Based on the results, the breast cancer subtypes
were classified along with their proportions in this
study into the following groups:

The number of ER/PR positive, HER-2/neu
negative cases was 110 (53.7%). This subtype was
characterised by the presence of ER and PR but the
absence of Her-2 overexpression through ER+/PR+,
Her-2—; ER-/PR+, Her-2—- and ER+/PR-, Her-2-.

The number of ER/PR positive, HER-2/neu
positive cases was 48 (23.4%). This subtype was defined
by the presence of both ER and PR, as well as Her-2
overexpression through ER+/PR+, Her-2+: ER-/PR+,
Her-2+ and ER+/PR—, Her-2+.

The number of ER/PR negative, HER-2/neu positive
cases was 22 (10.7%). This subtype was identified by
the absence of ER and PR, but the presence of Her-2
overexpression through ER—/PR—, Her-2+.

The number of triple-negative cases was 25
(12.2%). This subtype was specified by the absence of
ER and PR, as well as Her-2 overexpression through
ER-/PR-, Her-2—- and ER-/PR-, Her-2—-.

Discussion

This study retrospectively investigated 205 BC cases
in western Nigeria for ER, PR, HER-2/neu and p53
expression profiles in terms of pattern and frequency.
Furthermore, it explored the expression patterns
of these biomarkers in connection with tumour’s
aggressiveness by using the conventional Nottingham
grade. The molecular characteristics of the tumour
showed that ER and PR were positive in 62.0% and
70.7% of the total recorded cases, respectively. There
were associations between ER and PR’s expression
patterns and the tumour grades’ frequency. This is
following the report on Polish women that showed
an association between tumour grades and HR
positivity."” The present study showed that grade II
tumours had a higher ER and PR positive frequency
than grade III. Meanwhile, a previous report indicated
that the number of cells expressing ER and/or PR
gradually decreases with disease progression.'® This

Table 5: Expression profile of hormone receptors, HER-2/neu and p53 compared to Nottingham tumour grade

Immunohistochemical markers Nottingham grade, n (%) X P value df
Grade I Grade II Grade III
ER+ 10 (7.9) 103 (81.1) 14.(11.0)
10.458 <0.01 2
ER- 3(3.8) 53 (67.9) 22 (28.2)
PR+ 8(5.6) 121 (83.4) 16 (11.0)
18.581 <0.001 2
PR- 3(5.0) 35 (58.3) 22 (36.7)
HER2/neu+ 4(57) 46 (65.7) 20 (28.6)
HER2/neu- 31 (38.3) 42 (51.9) 8(9.9) 27.317 <0.001 4
HER2/neu-Eq 11 (20.4) 28 (51.9) 15 (27.8)
p53+ 8(5.1) 118 (75.6) 30 (19.2)
13.381 0.001 2
p53— 9 (18.4) 38 (77.6) 2 (4.1)

ER = oestrogen receptor; PR = progesterone receptor; HER2/new = human epidermal growth factor receptor 2; Eq = equivocal.
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was substantiated by Badowska-Kozakiewicz et al. who
showed an inverse correlation between ER expression
and the size of the primary tumour."” Specifically, in
addition to positively predicting therapeutic outcomes,
ERa is believed to inhibit epithelial-mesenchymal
transition by promoting epithelial phenotype and

preventing tumour invasion in breast cancer.

Moreover, higher HR positivity was observed
than in many African populations, including Guinea,
Ghana, South Africa and Mali.*** Although there is
no specific identifiable factor influencing the diverse
variation from one population to another, a previous
study suggested that small sample sizes recruited for
studies across African countries could be a possible
reason.® Even though this study showed higher HR
positivity compared to a study of a similar population
in Nigeria, where a multicentric study involving 507
patients was carried out.” Conversely, the findings of
this study are in line with reports involving BC patients
in Western countries and the Saudi population,
where high HR was also documented.®” Potemski et
al. reported related results, which revealed that the
higher the level of receptor expression, the lesser
the mortality.” In line with their observations, the
current study also showed that the majority of the
incident cases had a moderate prognosis, with high
HR positivity and lower tumour grades, indicating
a possible association between HR expression and
tumour grade.

With regard to the HER-2/neu expression pattern
in this study, some (39.5%) cases were negative; there
were more negative than positive (34.1%) outcomes,
with an unexpected increase in Her-2+ proportion
than many reported cases. Equally, patients were
classified histologically as having higher grades in
the HER-2/neu+ expression group than in the HER-
2/neu— expression group but lower in ER+ and PR+
expressions compared to ER- and PR- of the highest
grade III [Table 4]. In agreement with the present
study, Arafah reported that the histologic grade of
BC was significantly associated with both ER and PR
expressions but, in turn, found a negative correlation
between HR and HER-2/meu stains.” Furthermore,
Aman et al. associated overexpression of HER-2/
neu with higher Nottingham grade in an Ivorian
population.”® Again, in line with the present study,
a study involving the Chinese population reported
a link between HER-2/meu overexpression and a
higher histological grade with a higher incidence rate
of infiltrating ductal carcinoma, among many other
factors.® Although the majority (92.7%) of the incident
cases in the current study were infiltrating ductal
carcinoma, which is consistent with Ding et al’s study,
the present analysis also showed a strong association

between histological grading and the pattern of
expression of HER-2/neu.” However, the observations
in this study indicated that HER-2/neu overexpression
is linked to the aggressive forms of BC, as previously
reported by Arteaga et al.”

To better understand the therapeutic benefits for
the patients, the current study classified the patients
based on histological phenotypes of the HR and HER-
2/neu expression patterns. In line with Gago et al’s
report, the majority of the BC patients in this study co-
expressed HR+ with HER-2/neu— rather than Her-2+
tumours, indicating that the cancer cells are responsive
to hormones such as oestrogen and progesterone,
have better prognosis and also prevent tumour
aggressiveness.”® On the other hand, among the Her-
2+ category, a smaller number of ER/PR-HER-2/
neu+ was observed representing BC cases where both
the ER and PR are negative, while the HER-2/neu is
overexpressed. This subtype is commonly known as
HR-negative, HER-2/meu-positive BC. It suggests
that the cancer cells do not respond to hormones and
have an overexpression of the HER-2/neu gene. More
importantly, triple-negative BC (TNBC) is a vastly
diverse group of tumours, which represents 15-20%
of all breast cancer cases.” The proportion of the
TNBC in this study was relatively small, suggesting an
advantage against the studied population. Meanwhile,
TNBC is the most difficult to treat among all BC
phenotypes because the common hormonal therapy
used for the majority of BC subtypes was treatment-
refractory for TNBC. On the other hand, TNBC is
often treated in its early stages with surgery, radiation
and chemotherapy.

Furthermore, in the present study, most of the
investigated cases (70.1%) were p53 positive, and there
was a strong association between the p53 expression
pattern and the Nottingham tumour grade. Consistent
with other studies, the findings of this study imply
that the p53 positivity may have a connection with
tumour grade in terms of the frequency of the incident
cases.>® In this study, patients in the p53+ expression
group were classified histologically as higher grades
than those in the p53- expression group similar to the
previous report, which corresponds to the HER-2/
neu expression pattern in this investigation.”* Earlier,
Shokouh et al. demonstrated that p53 expression
had a significant association with the grade of BC.?
Various reports have outlined the functional role of
p53 in the progression of BC. Mechanistically, p53
activates protein transcriptions involved in the DNA
repair mechanism. However, if the mechanisms fail
due to a defective p53, aberrant cells may proliferate
uncontrollably, leading to cancer’' A report shows
that tumours with p53 mutations are more likely
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to be aggressive and resistant to chemotherapy and
radiotherapy.? In other words, p53 immunoreactivity
is linked to histologic grade, particularly a tumour’s
high mitotic index.®

According to the Her-2 testing guidelines of
the American Society of Clinical Oncology and the
College of American Pathologists, BC that is reported
2+ equivocal by IHC should be followed-up with in-
situ hybridisation (ISH) testing to confirm the cases
for possible gene amplification. However, the current
study was limited by the inability to verify the negative
(2+ score) results with FISH and, thus, considered
negative. This could have an impact on the negative
result value.

Conclusion

Expression patterns of PR, ER, HER-2/meu and
p53 were influenced by the tumour grade (i.e. level
of aggressiveness). In other words, an association
between the tumour grade and expressions of PR, ER,
HER-2/neu and p53 was observed, suggesting that
the Nottingham grade remains relevant as a reliable
prognostic marker for BC.

AUTHORS’ CONTRIBUTION

KAO, WAO and MAO were
conceptualisation and design of the study. WAO,
MAO, LAY and RTK collected the data, while KAA,
SOI and RTK analysed and interpreted the results.
KAA, SOI, IAL, IOB and SAA did the literature
search. WAO carried out clinical studies. KAA drafted
the manuscript. Then, KAA, SAA and SOI revised the
manuscript. All authors approved the final version of

involved in

the manuscript.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

FUNDING

No funding was received for this study.

References

1. Adedokun KA, Imodoye SO, Bello IO, Lanihun AA, Bello 10O.
Therapeutic potentials of medicinal plants for the treatment of
cancer and significance of computational tools in anticancer
drug discovery. In: Egbuna C, Rudrapal M, Tijjani Habibu,
Eds. Elsevier Drug Discovery Update: Phytochemistry,
Computational Tools, and Databases in Drug Discovery, 1st ed.
Amsterdam, Netherlands: Elsevier, 2022. Pp. 393—4.

2. Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal
A. Global cancer statistics 2018: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer ] Clin 2018; 68:394—424. https://doi.
org/10.3322/caac.21492

532 |

10.

11.

12.

13.

14.

15.

16.

17.

Oluogun WA, Adedokun KA, Oyenike MA, Adeyeba OA.
Histological classification, grading, staging, and prognostic
indexing of female breast cancer in an African population: A
10-year retrospective study. Int ] Health Sci (Qassim) 2019;
13:3-9.

Hagemann IS. Molecular testing in breast cancer: A guide to
current practices. Arch Pathol Lab Med 2016; 140:815-24.
https://doi.org/10.5858/arpa.2016-0051-RA.

Shokouh TZ, Ezatollah A, Barand P. Interrelationships between
Ki67, Her-2/neu, p53, ER, and PR status and their associations
with tumor grade and lymph node involvement in breast
carcinoma subtypes: Retrospective-observational analytical
study. Medicine (Baltimore) 2015; 94:e1359. https://doi.
org/10.1097/MD.0000000000001359.

Lumachi F Brunello A, Maruzzo M, Basso U, Basso
SM. Treatment of estrogen receptor-positive breast
cancer. Curr Med Chem 2013; 20:596—604. https://doi.
0rg/10.2174/092986713804999303.

Arafah M. Correlation of hormone receptors with Her-2 Neu
protein expression and the histological grade in invasive breast
cancers in a cohort of Saudi Arabia. Turk Patoloji Derg 2012;
28:38—43. https://doi.org/10.5146/tjpath.2012.01095.

Oyenike MA, Akinbo FO, Adedokun KA, Ojokuku HO,
Imodoye SO, Yunus LA, et al. Synchronicity of P53 mutation
and multiple high-risk HPV genotypes, and the risk of cervical
cancer among women in Osogbo, Nigeria. MedRxiv. https://
doi.org/10.1101/2022.06.28.22277026.

Ding L, Zhang Z, Xu Y, Zhang Y. Comparative study of Her-2,
p53, Ki-67 expression and clinicopathological characteristics of
breast cancer in a cohort of northern China female patients.
Bioengineered 2017; 8:383-92. https://doi.org/10.1080/216559
79.2016.1235101.

Rakha EA, Reis-Filho JS, Baehner F, Dabbs DJ, Decker T, Eusebi
V, et al. Breast cancer prognostic classification in the molecular
era: the role of histological grade. Breast Cancer Res 2010;
12:207. https://doi.org/10.1186/bcr2607.

Eliyatkin N, Yal¢in E, Zengel B, Aktas S, Vardar E. Molecular
classification of breast carcinoma: From traditional, old-
fashioned way to a new age, and a new way. ] Breast Health
2015; 11:59-66. https://doi.org/10.5152/tjbh.2015.1669.

Hayes DF, Allred C, Anderson BO, et al. Breast. In: Edge SB,
Byrd DR, Compton CC, Eds. American Joint Committee on
Cancer (AJCC) Cancer Staging Manual, 7th ed. New York,
USA: Springer, 2009. Pp. 347-76.

Allred DC, Bustamante MA, Daniel CO, Gaskill HV, Cruz
AB Jr. Inmunocytochemical analysis of estrogen receptors in
human breast carcinomas. Evaluation of 130 cases and review
of the literature regarding concordance with biochemical assay
and clinical relevance. Arch Surg 1990; 125:107-13. https://doi.
org/10.1001/archsurg.1990.01410130113018.

Ellis IO, Bartlett J, Dowsett M, Humphreys S, Jasani B, Miller
K, et al. Best practice no 176: Updated recommendations for
HER?2 testing in the UK. J Clin Pathol 2004; 57:233-7. https://
doi.org/10.1136/jcp.2003.007724.

Bergh J. Analysis of the p53 status of tumors: An overview of
methods. Methods Mol Med 1999; 28:179-99. https://doi.
org/10.1385/1-59259-687-8:179.

Blamey RW, Ellis IO, Pinder SE, Lee AH, Macmillan RD,
Morgan DA, et al. Survival of invasive breast cancer according
to the Nottingham prognostic index in cases diagnosed in 1990-
1999. Eur ] Cancer 2007; 43:1548-55. https://doi.org/10.1016/j.
ejca.2007.01.016.

Badowska-Kozakiewicz AM, Patera ], Sobol M, Przybylski
J. The role of oestrogen and progesterone receptors in breast
cancer — immunohistochemical evaluation of oestrogen and
progesterone receptor expression in invasive breast cancer in
women. Contemp Oncol (Pozn) 2015; 19:220-5. https://doi.
org/10.5114/w0.2015.51826.



Kamoru A. Adedokun, Waheed A. Oluogun, Musiliu A. Oyenike, Sikiru O. Imodoye, Lukman A. Yunus, Ismaila A. Lasisi, Ibrahim O. Bello,
Ramat T. Kamorudeen and Saheed A. Adekola

18.

19.

20.

21.

22.

23.

24.

Allemani C, Sant M, Berrino F, Aareleid T, Chaplain G,
Coebergh JW, et al. Prognostic value of morphology and
hormone receptor status in breast cancer — A population-based
study. Br | Cancer 2004; 91:1263-8. https://doi.org/10.1038/
§).bjc.6602153.

Imodoye SO, Adedokun KA, Muhammed AO, Bello IO, Muhibi
MA, Oduola T, et al. Understanding the complex milieu of
epithelial-mesenchymal transition in cancer metastasis: New
insight into the roles of transcription factors. Front. Onc. 2021;
11:762817. https://doi.org/10.3389/fonc.2021.762817.

Traoré B, Koulibaly M, Diallo A, Bah M. Molecular profile of
breast cancers in Guinean oncological settings. Pan Afr Med ]
2019; 33:22. https://doi.org/10.11604/pam;.2019.33.22.18189.

Ohene-Yeboah M, Adjei E. Breast cancer in Kumasi, Ghana.
Ghana Med ] 2012; 46:8—13.

McCormack VA, Joffe M, van den Berg E, Broeze N, Silva Idos
S, Romieu I, et al. Breast cancer receptor status and stage at
diagnosis in over 1,200 consecutive public hospital patients in
Soweto, South Africa: A case series. Breast Cancer Res 2013;
15:R84. https://doi.org/10.1186/bcr3478.

Ly M, Antoine M, Dembélé AK, Levy P, Rodenas A, Touré BA,
et al. High incidence of triple-negative tumors in sub-Saharan
Africa: a prospective study of breast cancer characteristics
and risk factors in Malian women seen in a Bamako
university hospital. Oncology 2012; 83:257—63. https://doi.
org/10.1159/000341541.

Huo D, Ikpatt F, Khramtsov A, Dangou JM, Nanda R, Dignam
], et al. Population differences in breast cancer: survey in
indigenous African women reveals over-representation of
triple-negative breast cancer. ] Clin Oncol 2009; 27:4515-21.
https://doi.org/10.1200/JCO.2008.19.6873.

25.

26.

27.

28.

29.

30.

31.

Potemski P, Kusiriska R, Kubiak R. The predictive value and
prognostic significance of the degree of expression of steroid
receptors in breast cancer operation. Oncol Pol 2007; 10:49—54.

Aman NA, Doukoure B, Koffi KD, Koui BS, Traore ZC,
Kouyate M, et al. HER2 overexpression and correlation with
other significant clinicopathologic parameters in Ivorian
breast cancer women. BMC Clin Pathol 2019; 19:1. https://doi.
0rg/10.1186/512907-018-0081-4.

Arteaga CL, Sliwkowski MX, Osborne CK, Perez EA, Puglisi F,
Gianni L. Treatment of HER2-positive breast cancer: Current
statusand future perspectives. Nat Rev Clin Oncol 2012;9:16-32.
https://doi.org/10.1038/nrclinonc.2011.177.

Gago FE, Fanelli MA, Ciocca DR. Co-expression of steroid
hormone receptors (estrogen receptor alpha and/or
progesterone receptors) and Her2/neu (c-erbB-2) in breast
cancer: Clinical outcome following tamoxifen-based adjuvant
therapy. ] Steroid Biochem Mol Biol 2006; 98:36—40. https://
doi.org/10.1016/},jsbmb.2005.07.002.

Sporikova Z, Koudelakova V, Trojanec R, Hajduch M. Genetic
markers in triple-negative breast cancer. Clin Breast Cancer
2018; 18:e841-50. https://doi.org/10.1016/j.clbc.2018.07.023.

Huszno ], Grzybowska E. TP53 mutations and SNPs as
prognostic and predictive factors in patients with breast cancer
(review). Oncol Lett 2018; 16:34—40. https://doi.org/10.3892/
01.2018.8627.

Hafner A, Bulyk ML, Jambhekar A, Lahav G. The multiple
mechanisms that regulate p53 activity and cell fate. Nat Rev
Mol Cell Biol 2019; 20:199-210. https://doi.org/10.3389/
fcell.2021.762651.

| 533



