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Abstract

Background

Inactivation or mutation of the tumour suppressor gene p53 or its regulator mouse double

minute 2 (MDM2) is the commonest event in breast cancer. These altered genes usually

express abnormally high levels of their proteins in many carcinomas. The phenotypic

expression of p53 and MDM2 in breast cancer cases in our setting is not known. This study

investigated the expression of the tumour suppressor protein p53 and its regulator MDM2,

using immunohistochemistry in a Ghana breast cancer cohort.

Method

A 9-year retrospective cross-sectional study on archived tissue blocks–formalin fixed paraf-

fin embedded tissue (FFPE) was carried out. Demographic data were abstracted. Based on

complete clinical data and availability of FFPE archived blocks 203 cases were selected for

tissue micro array (TMA) construction. The TMA sections were subjected to immunohis-

tochemistry (IHC) (ER, PR, HER2, p53, and MDM2). Expression of p53 and MDM2 were

related to grade and molecular subtypes.

Results

The age ranged from 17 to 92 years (mean = 49.34 ± 13.74). Most of the cases were high

grade; grade II (34.9%) and grade III (55.7%). Fifty-four percent of the cases were triple nega-

tive. Invasive ductal carcinoma no special type was the commonest histotype (87.1%). Thirty-

six percent (36%) of the cases expressed p53. Significant associations were found between

p53 overexpression and histological grade (p = 0.034), triple negative (p = 0.0333) and luminal

B (p<0.01) tumors. Most cases (93.1%) were negative for MDM2 expression. Significant asso-

ciation was found between MDM2 and HER2 over-expression as well as Ki-67. There was no

significant positive correlation between MDM2 and p53 co-expression (p>0.05).
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Conclusion

The elevated level of p53 expression in the aggressive breast cancer phenotypes (high his-

tological grade and triple negative) in our cohort suggest that P53 elevation may be a poor

prognostic marker in our setting. High expression of MDM2 in our cohort with high Ki67; also

in cases with Her2/neu overexpression known with predictable poor prognosis in the

absence of target therapy suggest MDM2 may be associated with aggressive biological

behaviour in our breast cancer cases. The non-significant association of p53 and MDM2

expression in the same cases as also documented by previous studies suggest independent

genetic pathway in tumourigenesis.

Introduction

Breast cancer is a multifactorial anomaly caused by interplay of environmental, hormonal and

genetic alterations and modifications and remains the most common cancer among females in

terms of frequency and mortality globally [1–3]. Plethora of studies have reported racial and

ethnic diversities in the biology and outcome of breast cancer with higher mortality in compar-

ison to low incidence seen among Africans where breast cancer are associated with aggressive

biology, higher histological grade, lympho-vascular invasion, lack of hormone receptors and

recurrence [4–8].

African breast cancer cases have a high percentage of triple negative breast cancer (TNBC)

subtype and conventional chemotherapy remains the only major means of treatment with a

number of the cases having unfavourable response [9–12]. There is continual increasing inter-

est in further research into biomarkers either through the use of immunohistochemistry or

RNA-based technologies to individualize treatment and improve prognosis [13, 14].

Tumour suppressor gene p53, mapped to chromosome 17q13 with aberrant p53 proteins

expression have been observed in about half of all tumours and has proven to be an indepen-

dent negative prognostic marker in breast cancer. It functions to maintain genomic integrity

by initiating cascade of events that lead to cell cycle arrest (at G1/S or G2/M checkpoint), DNA

repair and in some cases programmed cell death; upon cellular perturbations such as DNA

damage and oncogene activation [15].

Mouse double minute 2 (MDM2) gene, an E3 ligase proto-oncogene located on chromo-

some 12 continuously tag p53 with ubiquitin with subsequent proteasome degradation nega-

tively regulates p53 and maintain it in low concentration in an unstressed cell. Upon

activation of p53 during cellular stresses, inhibitory effect of MDM2 on p53 ceases [16]. Mice

with MDM2 knockout demonstrated embryonic lethality, while those with both MDM2 and

p53 deletion showed normal embryonic development, thus, demonstrating the critical nega-

tive regulation of MDM2 on p53 [17]. Although MDM2 amplifications is common in many

cancers, the role it plays in prognosis has been contradictory with some studies reporting

favourable prognosis while others assert otherwise [18, 19]. Despite accumulated evidence of

their prognostic value, p53 mutation status is rarely obtained for routine breast cancer diagno-

sis [20].

The main aim of this study was to investigate, using immunohistochemistry, the expression

profiles of p53 and MDM2 in a Ghana breast cancer cohort and correlate findings with clinico-

pathological features as well as the molecular subtypes.
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Materials and methods

Ethical approval

Approval was obtained from the Committee on Human Research, Publications and Ethics,

KNUST School of Medicine and Dentistry (CHRPE/AP/417/18) and the Research and Devel-

opment Unit, Komfo Anokye Teaching Hospital (REG NO: RD/CR18/203) on “Molecular

profiling of breast cancer in Kumasi.

Study design and tissue samples. A retrospective, cross–sectional and descriptive study

was employed to investigate the expression profiles of p53 and MDM2 on Formalin Fixed Par-

affin Embedded (FFPE) breast cancer tissues that were obtained from patients seen at the

Department of Pathology from January, 2009 to December, 2017. The study outlines the gen-

eration of a breast tumor tissue microarray which includes 203 cases of the 1,631 cases that

were diagnosed between 2009–2017. Patient’s data including age, sex, histological diagnosis,

tumour grade and lymphovascular invasion were abstracted.

All consecutive malignant cases seen within the study period were included while cases

with missing patient records, missing or damaged tissue blocks and inconclusive diagnosis

were excluded.

H&E slides preparation and review. Haematoxylin and Eosin (H&E) stained slides were

made from the FFPE tissue blocks. The H&E slides prepared were reviewed jointly by two

pathologists following the guidelines of the Royal College of Pathologist and the National

Quality Assessment Service. Representative tumour areas were marked and clinicopathological

data on the cases were confirmed or amended, where necessary.

TMA construction. TMAs were constructed using a manual TMA machine (Micatu

MicaArray Gen. 4) based on slight modifications following manufacturer’s guideline. Recipi-

ent tissue blocks were made using a standard mould supplied with the tissue miroarrayer.

Guided by TMA map, two cylindrical cores (1mm each) were punched out from the marked

areas on the donor blocks and transferred into pre-punched holes in the recipient block. To

ensure firm and uniform insertion of the tissue cores in the recipient block, they were placed

under incandescent lamp for one hour.

Immunohistochemical staining. Microtome was used to cut about 3μm-thick sections

from each recipient TMA block and spread onto SuperFrosted Plus slides. The slides were

deparaffinised in xylene and rehydrated using graded series of ethanol (100%, 90%, 70%)

diluted with tris buffered saline (TBS). This was followed by washing the slides in distilled

water. The slides were then incubated in citrate buffer in a pressure cooker for antigen

retrieval. Peroxidase methanol and casein solutions were used to block background and

non-specific staining respectively. Immunohistochemical dilution for estrogen receptor

(ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2), Ki-

67, p53 and MDM2 were carried out following the manufacturer’s instructions as detailed

in Table 1 and the optimized tissue sections were incubated respectively in the diluted pri-

mary antibodies. The sections were then immersed in secondary antibody conjugated with

Peroxidase and Anti Peroxidase and later developed in diaminobenzidine tetrahydrochlor-

ide (DAB). They were subsequently counterstained in haematoxylin, dehydrated in

increasing grades of alcohol (70%, 80%, 90%, 95% and 100%) and mounted in DPX

Mountant.

Scoring of IHC. TMA sections were assessed for the presence of positive reaction, pat-

tern of staining and intensity of reaction. The tumours were grouped into the major molec-

ular subtypes based on slight modifications of methods described by Carey et al. [21], triple

negative (ER-, PR- HER2-), luminal A (ER+ and/or PR+, HER2-), luminal B (ER+ and/or

PR+, HER2+) and HER2 enriched subtype (HER2+, ER-, PR-). The scoring was done using
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the ASCO/CAP guidelines [22]. Ki-67 expression was categorized as low (<6%), moderate

(6–10%) and high (>10%) [23].

Statistical analysis. Data analysis was carried out using Statistical Package for Social Sci-

ences (SPSS) version 23. Correlations between parameters were assessed using chi-square test

as Spearman’s correlation coefficient (r). A 95% confidence interval was used. A p-

value� 0.05 at the 95% confidence level was considered statistically significant.

Results

A total number of 1,631 breast cancer cases were seen in the study period with 203 cases meet-

ing the inclusion criteria.

The cases were seen between ages 17 to 92 with the mean age being 49.34 (SD ±13.74). The

age group with the highest frequency was 40–49 years (31%), while the lowest frequency was

seen in the 10–19 years (0.05%). Invasive ductal carcinoma,(No special type) was the common-

est histological variant (83.0%). Other histological variants are described in Table 2. Most of

the cases were high grade; grade II (34. 9%) and grade III (55.7%) while low grade (Grade I)

was 9.4%.

Immunohistochemical staining of the various markers

Majority of the cases were negative for ER, PR and HER2 expression (Table 3). 36.7 percent of

the breast cancer cases were positive for p53 overexpression. MDM2 was overexpressed in

6.9% of the cases. Sixty two percent (62%) showed low expression of Ki-67 (Table 3). The

molecular subtypes were also depicted in Table 3 with triple negative breast cancer cases

accounting for more than half of the cases (54.4%). Fig 1 shows the photomicrographs of tissue

cores of the various markers depicting positive stains from the various markers employed in

the study.

Expression profiles of p53 and MDM2 with clinicopathological features

Associations between p53 and MDM2 with clinicopathological features were assessed using

chi-squared text (Tables 4 and 5). Significant associations were found between p53 overexpres-

sion and histological grade (p = 0.034) and triple negative (p = 0.0333).

Correlation between MDM2 and other parameters were also assessed. Significant positive

correlation was found between MDM2 and HER2 overexpression and Ki-67 (Table 5).

Co-expression of p53 and MDM2. Chi-square test was used to assess co-expression of

p53 and MDM2. MDM2 has 66.7% and 35.3% positive and negative cases respectively while

p53 has 33.3% and 64.7% positive and negative cases respectively. There was no significant

association between p53 and MDM2 co-expression (p = 0.06).

Table 1. Various antibodies used in the study.

Antibody Clone Pretreat Dilution Control Company Address
ER 1D5 ER1/20 1:50 Breast CA BioCare Medical Concord, CA

PR PgR 636 ER1/10 1:400 Endo/Myome DAKO Carpinteria, CA

HER-2 CB 11 ER1/20 RTU Breast CA DAKO Carpinteria, CA

Ki-67 MIB-1 ER1/20 1:80 Tonsil DAKO Carpinteria, CA

CYCLIN-D1 SP4 ER2/20 1:40 88-13792-7A Thermo Scientific Grandy Island, NY

p53 DO-7 1:40 S95-13083 Dako Carpenteria, CA

MDM2 SMP14 TRILOGY 1:200 Liposarcoma Santa Cruz Santa Cruz, CA

https://doi.org/10.1371/journal.pone.0258543.t001
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Discussion

We analysed a total number of 203 cases with complete data set and retrievable blocks which

accounted for 12.4% of the total breast cancer cases seen in the tertiary hospital over the study

period. The clinicopathological demography shows age distribution of 17–92 years, mean age

occurrence of 49.34 (SD ±13.74), highest age group of 40–49 years, predominance of Invasive

ductal carcinoma NST (83%) and a high histological grade (Grade II 34.9% and Grade III

55.7%) which are all in agreement with previous studies in Ghana and environment [8].

The immunohistochemistry profile shows receptor positive breast cancer cases to be low

(ER 29% and PR 10.9%). This is in agreement with Mensah et al. [8], and disagreement with

Figueroa et al. [24] in earlier studies in Ghana. Titiloye et al. [7] on the disparity in the receptor

positive breast cancer cases in African cases noticed a low pattern in studies conducted on

archived breast cancer cases in comparison with prospective studies and our study followed

the pattern of studies conducted on archival cases. This pattern is also reflected on our immu-

nohistochemistry phenotypes with our study showing a predominance triple negative cate-

gory. Our HER2 positive categories were similar to previous studies in our country [8].

Table 2. Age and histological characteristics of patients with breast cancer.

Age categories(years) Number of cases Percent(%)
10–19 1 0.05

20–29 5 2.5

30–39 44 22.0

40–49 63 31.5

50–59 44 22.0

60–69 24 12.0

70–79 12 6.0

80–89 5 2.5

90 and above 2 1.0

Missing cases 3 -

Total 203 100.0

Histological type
Invasive carcinoma NST 166 83.0

Ductal carcinoma in situ 9 4.5

Metaplastic carcinoma 6 3.0

Invasive lobular carcinoma 5 2.5

Mucinous carcinoma 5 2.5

Invasive papillary carcinoma 2 1.0

Medullary carcinoma 2 1.0

Others 5 2.5

Missing cases 3 -

Total 203 100.0

Histological diagnosis
Grade I 14 9.4

Grade II 52 34.9

Grade III 83 55.7

Missing 54 -

Total 203 100.0

�Percentages were calculated on the number valid cases.

https://doi.org/10.1371/journal.pone.0258543.t002
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Our study sought to understand the heterogeneous characteristics of breast cancer cases in

a cohort with regards to histopathologic features, morphologic growth patterns and clinical

behaviours [25] and immunohistochemical expression pattern of p53 and MDM2 [26]. This is

novel as accumulated evidences of association of these oncogenic proteins with aggressive bio-

logic tumour behaviours and treatment outcome [19, 27, 28], as seen in prior studies have not

been replicated or dismissed in indigenous Ghana population.

Table 3. Immunohistochemical staining results on cases.

Number of cases Percent (%)
ER
Positive 54 29.0

Negative 132 71.0

Missing 17 -

Total 203 100.0

PR
Positive 20 10.9

Negative 163 89.1

Missing 20 -

Total 203 100.0

Her2/neu
Positive 37 20.7

Negative 142 79.3

Missing 24 -

Total 203 100.0

p53
Positive 65 36.7

Negative 112 63.3

Missing 26 -

Total 203 100.0

MDM2
Positive 12 6.9

Negative 163 93.1

Missing 28 -

Total 203 100.0

Ki-67
Low 113 62.1

Moderate 30 16.5

High 39 21.4

Missing 21 -

Total 203 100.0

Molecular subtypes
Luminal A 32 19.7

Luminal B 16 9.9

HER 2 overexpression 26 16.0

Triple negative 88 54.4

Missing 41 -

Total 203 100.0

�Missing cases were lost to immunohistochemistry.

https://doi.org/10.1371/journal.pone.0258543.t003
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In this study, p53 was over-expressed in 36.6% of the breast cancer cases in association with

high histological grade in similarity with previous studies. Many of these studies also docu-

mented aggressive tumour behaviour, early disease recurrence and poor survival [15, 29].

However in our study we were unable to assess patient follow up details. Lost of patients with

diagnosed malignancy to follow up during cancer therapy is a recurrent problem in our hospi-

tals in West Africa due to a complex socio-economic, cultural and religious factors.

Also shown in previous studies were 12–84% of p53 expression in breast cancer cases

depending on molecular subtype. The molecular subtype seen in association with p53 reported

Fig 1. Sample photomicrographs of immunohistochemical stains for ER(A), PR(B), HER2(C), p53(D), MDM2(E) and Ki-67

(F).

https://doi.org/10.1371/journal.pone.0258543.g001
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in this study is in agreement with previous studies of p53 positive breast cancer and molecular

subtype [19, 26–29].

Table 4. Association of p53 with clinicopathological features, molecular subtypes and other biomarkers.

p53 positives (%) p53 negatives (%) Chi-squared p-value

Clinicopathological features
<30 33.3 66.7

Age categories 30–40 33.3 66.7

41–50 28.3 71.7 3.318 0.345

>50 43.7 56.3

Histological grade Grade I 16.7 83.3 6.781 0.034

Grade II 26.1 26.1

Grade III 45.7 54.3

Lymphovascular invasion 42.9 57.1 2.094 0.245

Molecular subtypes
Luminal A 41.4 58.6 0.791 0.834

Luminal B 86.7 13.3 15.709 <0.001

Her2 overexpression 36.0 64.0 0.130 0.450

Triple negative 31.0 69.0 4.651 0.033

Other marker
Ki-67 Low 27.7 72.3 11.957 <0.01

moderate 41.4 58.6

High 59.5 40.5

�P-Value� 0.05, considered as significant.

https://doi.org/10.1371/journal.pone.0258543.t004

Table 5. Association of MDM2 with clinicopathological features, molecular subtypes and other biomarkers.

MDM2 positives

(%) (n = 12)

MDM2

negatives (%)

Chi-squared p-value

Clinicopathological features
<30 - 100.0 - -

Age categories 30–40 4.3 95.7 1.885 0.597

41–50 6.0 64.0

>50 10.0 90.0

Histological grade Grade I 7.7 92.3 1.276 0.528

Grade II 2.3 97.7

Grade III 7.0 93.0

Lymphovascular invasion 7.1 92.9 0.14 1.000

Molecular subtypes
Luminal A 3.6 96.4 0.751 0.691

Luminal B 12.5 87.5 0.755 0.323

Her2 overexpression 12.0 88.0 1.036 0.027

Triple negative 6.1 93.9 0.312 0.756

Other marker
Ki-67 Low 2.0 98.0 9.084 0.011

Moderate 10.3 89.7

High 15.8 84.2

�P-Value� 0.05, considered as significant.

https://doi.org/10.1371/journal.pone.0258543.t005
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Generally, when cancerous cells express p53, it is indicative of the presence of mutant p53,

hence, denoted as p53 positive [15, 19]. Unlike the wild type, mutant p53 protein is slowly

degraded and therefore accumulate inside the cell making it a surrogate marker for mutated

p53 [20].

Multiple studies investigating the prognostic significance of p53 also documented 20–30%

somatic p53 mutation and an uncommon germline mutation [30]. A similar study involving

over 1700 breast cancer patients describing the outcome of breast cancer reported twice higher

mortality in tumours harbouring mutant p53 [31]. Demographic and genetic variations as well

as sample sizes employed by the investigators were strongly associated with variation in p53

expressions in the studies.

In our study, p53 showed a significant association with high histological grade (p = 0.034).

This finding is consistent with that observed by Dookeran et al. [26] in a study conducted

among African-American women breast cancer cases.

Our findings showed a significant association between p53 and triple negative subtype

(p = 0.033) in agreement with previous studies which have reported p53 expression correlating

with triple negative with accompanying aggressive tumour behaviour, early age at diagnosis,

high grade, metastasis, and poorer prognosis [26, 32]. This finding is suggestive of loss of p53

transcriptional functionality in maintaining genomic integrity by inducing apoptosis, cell

cycle arrest, and senescence in order to halt progression of cancer in our breast cancer cases

with p53 overexpression [15].

In this study, MDM2 overexpression was observed in 6.9% of the cases. This is in line with

similar studies by Turbin et al. [33] who recorded 14% MDM2 expression out of which 10%

showed weak MDM2 expression and 4% strong MDM2 expression. 6% MDM2 amplification

in breast carcinoma has been reported in another study of over 2000 breast cancer cases [34].

These results were however, way below that observed by Loo et al. [19] who observed 80%

MDM2 expression in a 787 multi-ethnic population based TMA study. MDM2 amplification

and overexpression has been observed in many tumour types including breast cancer [16].

The role it plays in prognosis has been inconsistent, with MDM2 overexpression linked to

both worst and favourable prognosis [18]. It is conceivable that this may be due to our limited

comprehension of the role MDM2 plays in various ethnic and racial groups as well as multiple

splice variants of the MDM2.

Our study found a significant association between MDM2 and HER2 overexpression sub-

type (p = 0.027) and is also in agreement with previous comprehensive analysis of the molecu-

lar subtype of breast cancer and MDM2 in which MDM2 expression were frequent in HER2

and luminal B subtypes but less common in luminal A and triple negative subtypes [12]. This

study however showed no significant association between MDM2 and luminal B subtype.

Our study also found a significant positive correlation between MDM2 and a proliferative

marker Ki-67, a mirrored result obtained by Turbin et al. [33].

In this study, association between p53 and MDM2 co-expression was not significant

(p<0.05). Most studies reported that MDM2 overexpression and p53 mutation were not

observed in the same cancer samples [35]. However Cordon-cardo et al. [36] and Turbin et al.
[33] reported significant co-expression of p53 and MDM2. Thus, MDM2 and p53 alterations

may not be mutually exclusive. Notwithstanding, they still concluded that MDM2 was an inde-

pendent negative prognostic marker in breast cancer. In other words, the role of MDM2 in

tumorigenesis is independent of its physiologic regulation of p53. Because p53 transcriptional

function is deactivated by MDM2, co-expression of p53 and MDM2 might be unexpected in

the same tumour samples. Thus our finding may be interpreted as increased activity of mutant

p53-MDM2 or ‘gain of function’ of aberrant p53 proteins.

PLOS ONE p53 and MDM2 in breast cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0258543 October 25, 2021 9 / 12

https://doi.org/10.1371/journal.pone.0258543


Conclusion

The findings in this study are in line with earlier ones that showed overexpression of p53 to be

associated with breast cancer with poor histological variant, high histological grade and poor

immunohistochemical phenotype which are characteristics of breast cancer cases with aggres-

sive biological behaviour.

High expression of MDM2 in our cohort with high Ki67; also in cases with Her2/neu over-

expression known with predictable poor prognosis in the absence of target therapy suggest

MDM2 may be associated with aggressive biological behaviour in our breast cancer cases.

The non-significant association of p53 and MDM2 expression in the same case as also doc-

umented by previous studies suggest independent genetic pathway in tumourigenesis.

A population based studies with expanded sample size and survival data will strenghten our

hypothesis.
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