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Abstract 
In sub-Saharan Africa, breast cancer (BC) constitutes a serious public health 
problem and the genetic basis of its development is remaining poorly un-
derstood. Although the SNPs at codon 72 of TP53 (rs1042522) and at the 
UTR of SET8 (rs16917496) have both been associated with BC development 
among Asian and European women, no published data has been reported 
within African population. We herein report on the impact of these poly-
morphisms on the risk of BC among Cameroonian women. Blood samples 
were collected from 111 breast cancer patients and 224 controls. DNA was 
extracted from each sample and PCR-RFLP was used to investigate the poly-
morphisms at SNPs rs1042522 of TP53 and rs16917496 of SET8. Association 
studies were performed according to ethno-linguistic groups and menopausal 
status. The minor allele “T” of SET8 gene revealed a protective effect in pre-
menopausal women (OR, 0.327; 95% CI 0.125 - 0.852) while the CT genotype 
of SET8 was associated with increased risk of BC (OR, 2.93; 95% CI, 1.1 - 7.8). 
The minor “G” allele of TP53 gene was significantly associated (OR, 2.533; 
95% CI, 1.455 - 4.408) with increased disease risk in premenopausal women 
while the CG genotype was significantly associated (OR, 0.39; 95% CI, 0.23 - 
0.69) with decreased risk of BC. A synergistic genetic interaction at both loci 
for CC genotype of SET8 and CG genotype of TP53 was associated (OR, 0.46; 
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95% CI, 0.24 - 0.91) with reduced disease risk. No significant association be-
tween polymorphisms at the SET8 and TP53 loci and clinical pathologic fea-
tures of BC was observed. This study suggests significant associations be-
tween the SNPs located at the 3’-UTR of SET8 and codon 72 of the TP53 with 
the risk of breast cancer development among premenopausal women. There 
is an interaction between TP53 and SET8 genes. 
 

Keywords 
SNPs, TP53, SET8, Breast Cancer, Women, Cameroon 

 

1. Introduction 

Breast cancer (BC) is the most predominant cancer in women worldwide with 
about 2.2 million new cases diagnosed in 2018 [1]. Although the incidence of BC 
is relatively low in developing countries, the mortality rates are very high. Ac-
cording to the International Agency for Cancer Research (IARC), BC incidence 
ranges from 28 per 100,000 women in central Africa to more than 37 per 100,000 
women in Western Africa [1]. More than 50% of BC-related deaths occur in 
low-income countries probably due to advanced-stage at diagnosis and disease 
aggressiveness [2] [3] [4] [5]. Although enormous efforts have been undertaken 
to better understand BC etiology, several aspects remain underexplored, espe-
cially in sub-Saharan Africa where the disease is characterized by different epi-
demiological features. Although about 53,917 new breast cancer cases have been 
reported in North Africa, more than 114,707 new cases have been recorded in 
sub-Saharan Africa [1]. Moreover, amongst young women of 15 to 49 years, the 
incidence of breast cancer in North Africa is lower than in sub-Saharan African 
countries [1]. Women of Sub-Saharan African region also have a higher risk for 
early-onset, high-grade, node-positive and hormone receptor-negative disease 
[6]. Although lifestyle factors have been proposed to partially explain these ob-
served features [7] [8] [9], studies addressing BC genetics have highlighted the 
role of genetic factors. In the light of the foregoing, polymorphism at some spe-
cific genetic markers such as single-nucleotide polymorphisms (SNPs) have been 
postulated to explain the differences in BC outcome based on the race and/or 
ethnicity [10] [11] [12]. 

Single-nucleotide polymorphisms are the most frequent type of variation in 
the human genome [13]. Several studies have shown SNPs as important genetic 
variants that could help to predict individual susceptibility to various cancers 
and response to certain drugs [14] [15]. In some epidemiological investigations, 
SNPs in critical genes have been examined in order to unravel associations be-
tween specific alleles and genotypes with the risk of cancer development and/or 
the appearance of a specific pattern of cancer development [16] [17]. Recent in-
vestigations on the genetic bases of breast cancer revealed that one SNP of the 
TP63 gene was associated with reduce risk of breast cancer development in Ca-
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meroonian women [18]. However, other SNPs that have shown some associa-
tions with cancer development remain to be investigated in sub-Saharan African 
countries. For instance, the SNP (rs1042522) in codon 72 of TP53 has shown no 
associated with breast cancer in Rwandese Population [19]. However, for the same 
SNP, other studies reported its association with the risk of developing several 
cancers including breast cancer [20]; thus highlighting its potential role in the 
development of breast cancer in other populations. This SNP produces two va-
riants G and C with distinct biological and biochemical properties [21]. It has 
been reported to play important role by mediating apoptotic response [22]. It 
has been also associated with the risk of developing cancer including BC. More-
over, polymorphism at SNP rs16917496 T/C located at the 3’UTR of SET8 has 
been associated with BC risk in young Asian women [23]. Subsequent investiga-
tions have shown this SNP to be a susceptibility factor for a number of cancers 
including non-small cell lung cancer [24], childhood acute lymphoblastic leu-
kemia and cervical cancer [25]. Remarkably, TP53 and SET8 genes may have some 
biological molecular interactions. For instance, as a methyltransferase, SET8 me-
thylates TP53 gene at Lys-382, which may affect the gene function [26]. By this 
methylation, there is an interaction between the SET8 and TP53 gene products 
and polymorphism on these genes could alter their function. The deletion at the 
SET8 gene increased proapoptotic and checkpoint activation functions of TP53 
[27]. Thus, polymorphism in either the SET8 or TP53 genes may lead to the loss 
of homeostatic control during human carcinogenesis [28] [29]. However, there 
is no evidence to show a correlation between the SNP in the 3’-UTR of SET8 
(rs16917496 C/T) and BC in Sub-Saharan Africa population. Meanwhile the afore- 
mentioned SNPs have been associated with the risk of BC in young Asian wom-
en [23], no published data has shown their implications in the risk of developing 
BC in African women. Understanding the impact of these SNPs in the develop-
ment of BC in sub-Saharan Africa may help in designing well-tailored preventive 
measures and sensitization measures. 

We herein report on the association between polymorphisms at two SNPs of 
SET8 and TP53 genes with risk of BC in Cameroonian women both as indepen-
dent factors as well as in an interaction model. 

2. Materials and Methods 
2.1. Ethical Approval and Consent to Participate 

This study was approved by the Ethics Review and Consultancy Committee (ERCC) 
of the Cameroon Bioethics Initiative (CAMBIN) under the reference number CBI/ 
395/ERCC/CAMBIN and Protocol number 1086, according to standards of the 
Declaration of Helsinki. All study participants received explicit information about 
the study and voluntarily consented by signing an informed consent form. 

2.2. Study Population 

The Cameroonian population is made up of more than 250 ethno-linguistic sub- 

https://doi.org/10.4236/jbm.2020.811004


A. A. Z. Tiofack et al. 
 

 

DOI: 10.4236/jbm.2020.811004 26 Journal of Biosciences and Medicines 
 

groups from three major ethnic groups: Bantu (e.g.: Bulu, Bassa, Bakundu, Ma-
ka, Douala), Semi Bantu (e.g.: Bamileke, Gbaya, Bamoun, Tikar) and Sudano- 
Sao (e.g.: Fulbe, Mafa, Toupouri, Shoa-Arabs, Moundang, Massa, Mousgoum) 
[30]. Beside these three groups, some minor groups exist such as the Baka who 
generally speak the Bantu languages but who are not closely related to any of 
these three major groups [31]. For this study, a total of 335 women including 
111 breast cancer patients and 224 controls were recruited between October 
2015 and December 2016. They belong to Bantu, Semi-Bantu and Sudano-Sao 
ethno-linguistic groups. All BC patients were histologically confirmed of having 
invasive BC, but without other clinically detectable neoplasm. These patients 
were treated at the oncology and radiotherapy unit of the Douala General Hos-
pital and the St. Joseph clinic cancer center of Yaoundé. Patients were included 
only if they were Cameroonians, consented to participate to the study and did 
not have other known neoplasms. From each patient, clinical and pathological 
data including age at the diagnosis, tumor localization, histological sub-type and 
clinical stage of the disease were obtained from the physician and/or collected 
from hospital records. Controls were void of any form of neoplasm as deter-
mined from their medical histories and general physical examination. Controls 
were randomly recruited amongst women attending the same hospitals as the 
patients. All women who accepted to participate to the study signed a consent 
form and filled out a structured questionnaire. 

2.3. Blood Sampling and DNA Extraction 

About 5 ml of whole blood sample was taken by vein-puncture into EDTA-coated 
tubes. After centrifugation at 3000 ×g for 5 minutes, the buffy coat was collected. 
From each buffy coat, DNA was extracted using phenol-chloroform-isoamylic 
alcohol (25:24:1) as described by Kerney [32] and then, precipitated with iso-
propanol. The DNA pellets were washed twice with 70% cool ethanol and then 
dried at room temperature. DNA pellets were finally re-suspended in 50 µl of 
sterile ultrapure water and stored at −20˚C until use. 

2.4. Genotyping of SNPs in SET8 and TP53 Genes 

In this study, the SNPs in SET8 and TP53 were investigated by PCR-RFLP where 
a DNA fragment of each of these genes was amplified and subsequently digested 
by a specific restriction enzyme. The following primer pairs were used: SET8-Fow 
(5’-TGAGCTGAGGTGTGAGCCTA-3’) and SET8-Rev (5’-AGAGTTCTGGGA 
AACACGCT-3’) for SET8, sense 5’-ATGGGACTGACTTTCTGCTCTTG-3’ and 
anti-sense 5’-GGAAGCCAAAGGGTGAAGAGG-3’ for TP53. These primers were 
designed using Primer-BLAST software as described by Ye et al. [33]. For each 
of these genes, the PCR reactions were performed in total volume of 25 µL con-
taining 1× PCR buffer (Tris·Cl, KCl, (NH4)2SO4, 0.15 mM MgCl2), 1× Q-Solution 
(Cat No./ID: 203203 Qiagen, Germany), 1.25 µL of each primers (20 picoM), 0.5 
µL (10 mM/L) of each dNTP, 0.3 mM of additional MgCl2 (25 mM), 0.125 µL of 
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Hot star Taq DNA polymerase (5 U/µl; Cat No./ID: 203203, Qiagen, Germany) 
and 5 µL of 10-fold diluted genomic DNA extract and supplemented with sterile 
ultrapure water. The amplification program was made up of an initial denatura-
tion step of 95˚C for 15 min followed by 40 cycles of 95˚C for 45 s, 58˚C and 
57˚C for 45 s respectively for SET8 and TP53, and 72˚C for 1 min, and a final 
extension step of 72˚C for 10 min. 

PCR products from different amplification reactions were resolved by elec-
trophoresis on 2% agarose gel, visualized under UV-light and documented with 
UVItec (Cambridge, UK). All successfully amplified samples (a DNA fragment 
of 700 bp for SET8 or 500 bp for TP53) were selected and subsequently subjected 
to restriction digestion. 

For this digestion, ten micro-liters of SET8 or TP53 PCR products were di-
gested with SwaI and BstUI respectively (cat # New England BioLabs, Inc. coun-
try). The digestion was performed overnight at 25˚C and 60˚C respectively in 
the buffers NEBuffer 3.1 for SwaI and NEBuffer CutSmart for BstUI. The di-
gested products were resolved on 2% agarose gel (FMC Bio Products) at 100 
volts for 90 minutes and documented using a UVItec (Cambridge, UK) gel do-
cumentation system. The expected size of DNA fragments resulting from the 
digestion of PCR products was determined using the online Restriction Map 
software (Restriction Mapper version 3) at http://www.restrictionmapper.org. 
This was done by simulating the digestion of each PCR product sequence with 
the corresponding restriction enzyme identified in the previous studies (Table 
1). For SET8 and TP53 loci, three different profiles were expected (Table 1): 1) 
the homozygote wild type genotype with one DNA fragment of 700 bp for SET8 
and two DNA fragments of 286 and 214 bp for TP53; 2) the homozygote geno-
type with two DNA fragments of 203 and 497 pb for SET8 and one DNA frag-
ment of 500 bp for TP53; 3) and the heterozygote genotype showing three DNA 
fragments of 203, 497 and 700 bp for SET8, and 214, 286 and 500 bp for TP53 
(Table 1). 

Amplicons from controls and BC patients were quantified before their diges-
tion. Equal amount of amplicons was digested to minimize misinterpretation of 
heterozygote frequency resulting probably from partial digestion. For each series 
of amplification and digestion, samples with known genotypes were added as 
internal controls in order to control the reproducibility and digestion efficiency. 

 
Table 1. The expected sizes of PCR products of TP53 and SET8 genes and their fragments 
digested in relationship with each genotype. 

Gene Locus 
Size of  

amplicons 
Restriction  

enzyme 

Size of digested DNA  
fragments in base pair 

References 
Heterozygote  

genotype 

Homozygote  
genotypes 

Wild type Mutant 

SET8 rs16917496 T/C 700 bp SwaI 203/497/700 700 203/497 [23] [24] 

TP53 rs1042522 C/G 500 bp BstUI 214/286/500 286/214 500 pb [24] [68] 
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2.5. Power Calculation 

The power of this study was calculated using the PGA modeller package in 
MATLAB [34]. It was estimated by considering an odd ratio (OR) or a relative 
risk (RR) ≥ 2 for the locus with the allele frequency of the disease of 0.085 - 
0.1791 for the two genotyped loci. In addition, the disease prevalence estimated 
at 0.1% in women aged from 20 to 74 years according to WHO [35], a type 1 er-
ror of 5% of risk, a complete linkage parameter (r2) of 0.8 for the linkage dise-
quilibrium (LD) [36], a case-control ratio of 1:2 and the size of sampling was al-
so taken into account in the power calculation. 

2.6. Association Analyses 

Before association studies, the HWE test was undertaken on the entire popula-
tion and different subpopulations stratified according to ethno-linguistic sub-
groups or menopausal status. Each population or subpopulation was considered 
in HWE when the p value (comparing the observed heterozygote rate and that of 
expected heterozygote) was ≥0.05 using PLINKv1.9 package. Association studies 
between the polymorphisms at SET8 and TP53 gene loci and the risk of BC de-
velopment were investigated with a logistic regression model that was performed 
to estimate odds ratio (OR) at 95% confidence intervals (CI) in PLINKv1.9 
package [37]. They were performed on the entire population as well as different 
subpopulations represented by ethno-linguistic groups and women with differ-
ent menopausal status. To avoid standard error resulting from the absence of 
genotypes or alleles (represented by zero), a value of 0.5 was added to all cells as 
described previously [38] [39]. Pearson chi-square (χ2) tests and Fisher’s exact 
test were used to compare categorical variables between participants while the 
student t-test was used to compare the mean values for continuous variables 
between subpopulations using SPSS Software 22.0 (SPSS Inc., Chicago, Illinois, 
USA). The test was considered significant for a P value below 0.05. 

The Cochran-Mantel-Haenszel (CMH) test implemented in PLINKv1.9 pack-
age was performed with the allelic frequencies because this test can only be done 
with binary variables [37]. Used as an extension of the chi-square test, the CMH 
allows for the estimation of odds ratio and 95% confidence interval across the 
stratified populations represented here by different ethno-linguistic groups and 
menopausal women. This test enabled to assess the association between alleles 
and the probability to develop breast cancer within each stratified subpopula-
tion. The CMH2 test, also implemented in PLINKv1.9 package, was used to de-
termine if significant differences exist between the allelic frequencies in different 
subpopulations. In addition to genotypic and allelic tests, the Cochran-Armitage 
trend test for interaction between genotypes was performed on the entire and 
different subpopulations in order to see if there is any association between po-
lymorphism at a given locus and the risk of breast cancer development [40]. 

To confirm results of association studies generated by CMH tests, the logistic 
regression model was performed on different subpopulations stratified by eth-
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no-linguistic subgroup and menopausal status. The Fisher exact test was per-
formed on samples from premenopausal women that were in HWE and that 
showed significant association with polymorphisms at TP53 and SET8 loci in 
order to see if there is any association between the genotypic frequencies and 
different clinico-pathological presentations of BC. It was also performed to as-
sess the implication of the combined polymorphism at TP53 and SET8 loci with 
risk of BC development [27]. 

3. Results 
3.1. Socio-Demographic and Clinical Characteristics  

of the Study Population 

For this study, 335 participants were recruited: 111 (33.1%) BC patients with 
histologically confirmed infiltrating ductal carcinomas and 224 (66.9%) controls 
(Table 2). Amongst these, 74 (22.09%) were Bantu, 254 (75.82%) semi Bantu 
and 7 (2.09%) Sudano-Sao. The age of BC patients at diagnosis ranged from 24 
to 72 years with a mean of 41.64 (SD = 12.31) years while those of the controls 
varied from 25 to 78 years with a mean of 39.55 (SD = 10.63) years. No signifi-
cant difference was observed between mean age of patients and controls (p = 
0.11). However, significant differences (p < 0.001) were observed between BC 
patients and controls considering the ethno-linguistic origin, the menopausal 
status (p < 0.001) as well as familial BC history (p < 0.001) (Table 2). 

From all BC patients, 77 (69.37%) were premenopausal and 34 (30.64%) post- 
menopausal. Fifty eight (52.3%) BC patients were above 40 years while 53 (47.75%) 
were aged 40 and below. One hundred and two (91.89%) patients were either at 
stage III or IV while 9 (8.11%) were either at stage I or II. Forty one (36.94%) 
patients had a metastatic disease (Table 2) while 71 (63.96%) had lymph node 
involvement (Table 2). 

Of the 224 controls, 195 (87%) were premenopausal women while 29 (13%) 
were postmenopausal. Moreover, 41.96% (94/224) of them were above 40 years 
while 58.04% (130/224) had 40 years or less (Table 2). 

With a complete linkage parameter (r2) of 0.8, a disease prevalence 0.1% in 
women aged 20 to 74, the disease allelic frequencies ranging from 0.085 to 
0.1791 for two loci genotyped and a sampling size of 335 individuals including 
111 BC patients and 224 controls, the power of this study was estimated at 
86%. 

3.2. Amplification of SET8 and TP53 Genes 

The DNA extracts from 335 participants were successfully amplified for both SET8 
and TP53 genes. Figure 1(a) and Figure 1(b) illustrate the electrophoretic profiles 
obtained on agarose gel. They show the amplicons resulting from the amplification 
of different DNA extracts. The quality and intensity of bands observed on agarose 
gel testify not only the good amplification, but also the quality of DNA extracts 
resulting from phenol-chloroform-isoamyl alcohol extraction method used. 
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Table 2. Socio-demographic and clinical characteristics of the study population. 

Clinical 
Cases,  

n = 111 (%) 
Controls,  

n = 224 (%) 
p-value 

Age group   0.11 

>40 58 (52.3) 94 (41.96)  

≤40 53 (47.75) 130 (58.04)  

Age (means ± SD) 41.64 ± 12.31 39.55 ± 10.63  

Ethnic group   <0.001 

Bantu 33 (29.73) 41 (18.30)  

Semi Bantu 72 (64.86) 182 (81.25)  

Sudano-sao 6 (5.41) 1(0.45)  

Menopause status   <0.001 

postmenopausal 34 (30.63) 29 (12.95)  

Premenopausal 77 (69.37) 195 (87.05)  

Familial breast cancer   <0.001 

Yes 29 (26.13) 16 (7.14)  

No 82 (73.87) 208 (92.86)  

Histological grade    

I, II 9 (8.11) -  

III, IV 102 (91.89) -  

p-value <0.0001   

Lymph node    

Yes 71 (63.96) -  

No 40 (36.04) -  

p-value <0.0001   

Metastasis    

Yes 41 (36.94) -  

No 70 (63.06) -  

p-value <0.0001   

3.3. Genotyping of Different SNPs 

According to SNPs that were investigated, different electrophoretic profiles were 
generated after digestion of PCR products. Figure 2 is an example of electro-
phoretic profiles illustrating DNA fragments resulting from the digested PCR 
products of SET8 and TP53 genes. All study participants were successfully ge-
notyped at SET8 and the TP53 gene loci. At the SET8 locus, 97 (87.39%) cases 
were homozygote wild-type with CC genotype while 14 (12.61%) were hetero-
zygote with CT genotype. In the control group, 183 (81.70%) were homozygote 
wild-type (CC), 39 (17.41%) heterozygote (CT) and 2 (0.89%), homozygote mu-
tant (TT) (Table 3). 
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Figure 1. Examples of electrophoretic profiles showing the PCR results of SET 8 and TP53 genes. (a) Amplifica-
tion of SET8 gene locus, Lane M: Molecular marker 1 kb; (b) Amplification of TP53 gene locus, Lane M: Mole-
cular marker 100 bp. 

 

 
Figure 2. Examples of electrophoretic profiles showing the separation of PCR-RFLP 
products of SET8 and TP53. (a) polymorphisms of TP53 gene locus. Lane M: Molecular 
marker 100 pb; Lanes 1, 3, and 4, CC homozygous mutant (500 bp); lanes 2, and 5, CG 
heterozugous genotype (500, 286, and 214 bp), Lane 6: undigested band. (b) Polymor-
phism of SET8 gene locus. Lane M: Molecular marker 1 kb; Lane 3, 4, 5, 6 and 8, CC ho-
mozygous Wild type (700 bp); lanes 1, and 7, CT heterozygous genotype (500, 497, 203 
bp), lanes 2, TT homozygous mutant (497 and 203 bp); Lane 9; undigested band. 
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At the TP53 gene locus, 61 (54.95%) cases were homozygote wild-type with 
CC genotype while 50 (45.05%) were heterozygote with CG genotype. Amongst 
the 224 controls, 159 (70.98%) were homozygote wild-type (CC) while 65 (29.02%) 
were heterozygote (CG). No patient or control was found with a profile corres-
ponding to homozygote mutant (GG genotype) (Table 3). 

Within the entire population, the SET8 locus had allelic frequencies of 91.49% 
(613/670) for the C allele and 8.51% (57/670) for T. In patients with breast cancer, 
the allelic frequencies for alleles C and T of the same locus were 93.69% (208/222) 
and 6.31% (14/222) respectively. In the controls, the allelic frequencies were 90.40% 
(405/448) and 9.60% (43/448) for the C and T alleles, respectively (Table 4). 

For the TP53 locus, the alleles C and G had the frequencies of 82.84% (555/ 
670) and 17.16 (115/670) respectively in the general population. Among patients, 
the TP53 locus had the frequencies of 77.48% (172/222) for allele C and 22.52% 
(50/222) for G. In the controls, the allelic frequencies were 85.49% (383/448) for 
alleles C and 14.51% (65/448) for G (Table 4). 

3.4. Association Study Performed on the Whole Population 

At the SET8 gene locus, the overall population as well as different subpopulations 
were in HWE (p = 1). No significant difference was observed at this locus when 
the allelic and genotypic frequencies were compared between patients and con-
trols. 

 
Table 3. Genotypic frequencies at SET8 and TP53 loci in the entire population. 

Genes Loci Genotype 
Case  

(N = 111)  
(%) 

Control  
(N = 224) 

(%) 
P OR (CI 95%) Bonf *P 

SET8 rs16917496 CC 97 (87.39) 183 (81.70) - - - 

0.147 CT 14 (12.61) 39 (17.41) 0.24 1.48 (0.76 - 2.85) 1 

TT 0 (0.00) 2 (0.89) 0.53 2.66 (0.13 - 55.89) 1 

CT+TT 14 (12.61) 41 (18.30) 0.1881 1.5523 (0.80 - 2.99) 0.3 - 

TP53 rs1042522 CC 61 (54.95) 159 (70.98) - - - 
0.0036 

CG 50 (45.05) 65 (29.02) 0.004 0.5 (0.311 - 0.798) 0.008 

*P-value for Cochran-Armitage trend test; Bonf: Bonferroni; P: Nominal p unadjusted asymptotic probabil-
ity value; OR: odds ratio; Confidence Interval at 95%. 

 
Table 4. Allelic frequencies at SET8 and TP53 loci in the entire population. 

Genes Loci Alleles Case (%) Control (%) P OR (95% CI) Bonf 

SET8 rs16917496 C 208 (93.7) 405 (90.4) - -  

  T 14 (6.3) 43 (9.6) 0.15 0.629 (0.33 - 1.18) 0.301 

TP53 rs1042522 C 172 (77.5) 383 (85.5) - - - 

  G 50 (22.5) 65 (14.5) 0.00389 2.005 (1.25 - 3.215) 0.007 

Bonf: Bonferroni; P: Nominal p unadjusted asymptotic probability value; OR: odds ratio; CI: Confidence 
Interval. 
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For TP53 gene, the allelic frequencies were not in HWE (p-value = 0.021) 
when the entire population was considered. In this context, results of association 
studies cannot be considered despite the fact that a significantly increased risk of 
BC development was observed for the G allele (Table 4) (OR, 2.002; CI 95%, 
1.25 - 3.215; p-value = 0.00389) and CG genotype (Table 3) (OR, 0.5; CI 95%, 
0.311 - 0.798; p-value = 0.004). When the population was stratified into eth-
no-linguistic subgroups and according to the menopausal status, the allelic fre-
quencies were in HWE for the Bantu (p-value = 0.5859), Semi-bantu (p-value = 
0.1428) ethno-linguistic groups, premenopausal (p-value = 0.1) and postmeno-
pausal (p-value = 0.5841) women, respectively. The Sudano-Sao ethno-linguistic 
subgroup was not in HWE (p = 0.0373) (Table 5). Data presented in Table 5 
shows detailed results of HWE values when the population was stratified into 
ethno-linguistic groups. 

The heterogeneous nature of the studied population formed by several eth-
no-linguistic subgroups has an impact on the HWE. For these reasons (various 
ethno-linguistic groups and the deviation of HWE in the entire population), ad-
ditional analyses were performed with the Cochran-Mantel-Haentszel test (CMH) 
that takes into account the population stratification. For these analyses, the popu-
lation was stratified on the basis of ethno-linguistic groups and the menopausal 
status. During these analyses, the Sudano-Sao subgroup was excluded. 

3.5. Association Study Performed on the Stratified Population 

Data used in the CMH test included 328 participants (105 BC patients and 223 
controls) from Bantu and Semi-bantu ethno-linguistic groups; the Sudano-sao 
group being excluded. With the CMH test, no significant association was observed 
between the polymorphisms at SNPs of SET8 and TP53 genes and the risk of 
developing BC in different ethno-linguistic groups. The minor allele T at the 
SET8 locus was not significantly associated (unadjusted p = 0.096, X2 = 2.777, 
adjusted p = 0.1913) with BC development. For the TP53 locus, the minor allele  

 
Table 5. Variations of HWE values according to loci and ethno-linguistic groups. 

Subpopulations Genes Loci Cases Controls HWE 

Bantu SET8 rs16917496 33 82 0.4922 

TP53 rs1042522 0.5859 

Semi-bantu SET8 rs16917496 72 182 1 

TP53 rs1042522 0.1428 

Sudano-Sao SET8 rs16917496 6 1 1 

TP53 rs1042522 0.0373 

Premenopausal SET8 rs16917496 77 195 0.6764 

TP53 rs1042522 0.1 

Postmenopausal SET8 rs16917496 34 
 

29 
 

1 

TP53 rs1042522 0.5841 
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G was not also significantly associated (unadjusted p = 0.394, X2 = 0.727, ad-
justed p = 0.787) with BC development. Regarding the menopausal status, the 
CMH test revealed no significant association at SET8 locus (OR, 0.547, 95% CI, 
0.2764 - 1.085; unadjusted p = 0.089; adjusted p = 0.1792) as well as TP53 (OR, 
1.245, 95% CI 0.7318 - 2.119; and unadjusted p = 0.412; adjusted p = 0.8252) lo-
cus. With CMH2 test, no significant difference was observed in allelic frequen-
cies between different subpopulations either at SET8 locus (p-value = 0.181) or 
TP53 locus (p-value = 0.485). 

3.6. Association Study Performed on Each Subpopulation 

Due to the fact that the CMH test did not show any significant association with 
the different subpopulations, each of them was analyzed independently with the 
logistic regression model by considering only the subpopulations that were in 
HWE. 

3.7. Association Study Performed According to Menopausal Status 

The CT genotype of SET8 gene was significantly associated with increased risk 
of BC development in premenopausal women (OR, 2.93 95% CI, 0.12 - 0.81; and 
unadjusted p = 0.03; adjusted p = 0.042) (Table 7). After performing the associ-
ation studies with the dominant model between CT and TT genotypes versus CC 
genotype of SET8, the CT and TT genotypes were significantly (OR, 3.1 95% CI, 
1.17 - 8.24; unadjusted p value = 0.02 and adjusted p = 0.04) associated the in-
crease risk BC development in premenopausal compared to CC genotype. With 
the allelic test, the minor allele T of SET8 gene was significantly associated with 
decrease risk of developing BC compared to the C allele (OR, 0.327, 95% CI, 
0.125 - 0.852; and unadjusted p = 0.02; adjusted p = 0.044) (Table 6). This result 
indicates that the T allele of SET8 gene has a protective effect on the develop-
ment of BC in premenopausal women. In postmenopausal women, no signifi-
cant association was observed between polymorphism at SET8 and the risk of 
developing BC at the genotypic (Table 7) and allelic (Table 6) levels. 

For TP53 gene, the minor allele G showed a significant (OR, 2.533, 95% CI, 
1.455 - 4.408; and unadjusted p = 0.001; adjusted p = 0.002) association with an 
increased risk of BC development in premenopausal women (Table 6). Howev-
er, the logistic regression model revealed that the CG genotype was significantly 
associated with decreased (OR, 0.39, 95% CI, 0.23 - 0.69; and unadjusted p = 
0.001; adjusted p = 0.002) the risk of BC development. 

3.8. Association Studies According to Different  
Ethno-Linguistic Groups 

Table 6 and Table 7 illustrate the allelic and genotypic frequency distribution at 
TP53 and SET8 loci in population stratified by ethno-linguistic groups and me-
nopausal status. In different ethno-linguistic groups, no significant association 
was observed between polymorphisms at TP53 and SET8 loci and the risk of BC  
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Table 6. Allelic frequencies at SET8 and TP53 loci in populations stratified by ethno-linguistic groups and menopausal status. 

Gene Subpopulations alleles Cases (%) Controls (%) P-value OR (95% CI) Bonf 

SET8 rs16917496 Premenopausal C 141 (95.27) 358 (92.27) - - - 

 T 5 (3.42) 38 (9.79) 0.02 0.327 (0.125 - 0.852) 0.044 

Postmenopausal C 56 (87.5) 53 (91.38) - - - 

 T 8 (12.5) 5 (8.62) 0.462 1.6 (0.4573 - 5.598) 0.924 

Bantu C 61 (92.42) 73 (89.02) - - - 

 T 5 (7.58) 9 (10.98) 0.4967 0.6774 (0.2203 - 2.083) 0.9935 

Semi-Bantu C 136 (94.44) 183 (84.33) - - - 

 T 8 (5.56) 34 (15.67) 0.1594 0.5591 (0.2488 - 1.257) 0.3188 

TP53 rs1042522 Premenopausal C 102 (69.86) 332 (85.57) - - - 

 G 37 (25.34) 56 (14.43) 0.001 2.533 (1.455 - 4.408) 0.002 

Postmenopausal C 57 (89.06) 50 (86.21) - - - 

 G 7 (10.94) 8 (13.79) 0.6056 0.735 (0.2284 - 2.365) 1 

Bantu C 50 (75.76) 73 (89.02) - - - 

 G 16 (24.24) 9 (10.98) 0.1102 3.346 (1.22 - 9.155) 0.2205 

Semi-Bantu C 116 (80.55) 309 (84.89) - - - 

 G 28 (19.44) 55 (15.11) 0.1855 1. 469 (0.83 - 2.598) 0.4 

 
Table 7. Genotypic frequencies at SET8 and TP53 loci in populations stratified by ethno-linguistic groups and menopausal status. 

Gene variants Subpopulations Genotypes Cases Controls p-value OR (95% CI) Bonf *p-value 

SET8 
rs16917496 

Premenopausal CC 68 (93.15) 158 (81.44) - - - 0.0166 

 CT 5 (6.85) 34 (17.53) 0.03 2.93 (1.1 - 7.8) 0,042 

 TT 0 (0.00) 2 (1.03) 0.62 2.16 (0.22 - 221.14) 1 

 CT + TT 5 (6.85) 36 (18.56) 0.018 3.1 (1.21 - 7.93) 0.036 

Postmenopausal CC 24 (75) 24 (82.76) - - - 0.4599 

 CT 8 (25) 5 (17.24) 0.46 0.63 (0.19 - 2.1) 1 

 TT 0 (0.0) 0 (0.0) 1 1 (0.06 - 16.9) 1 

Bantu CC 28 (84.85) 33 (80.49) - - - 0.4937 

 CT 5 (15.15) 7 (17.07) 0.79 1.19 (0.35 - 3.98) 1 

 TT 0 (0.0) 1 (2.44) 0.56 2.6 (0.22 - 29.61) 1 

 CT + TT 5 (15.15) 8 (19.51) 0.62 1.3 (0.42 - 4.43)  

Semi-bantu CC 64 (88.89) 149 (81.87) - - - 0.1546 

 CT 8 (11.11) 32 (17.58) 0.20 1.72 (0.77 - 3.86) 0.4 

 TT 0 (0.0) 1 (0.55) 0.88 1.3 (0.12 - 14.53) 1 

 CT + TT 8 (11.11) 33 (18.13) 0.17 1.78 (0.79 - 3.98) 0.2 

TP53 rs1042522 Premenopausal CC 36 (49.32) 138 (71.13) - - - 0.00085 

 CG 37 (50.68) 56 (28.87) 0.001 0.39 (0.23 - 0.69) 0.002 
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Continued 

 Postmenopausal CC 25 (78.12) 21 (72.41) - - - 0.6049 

 CG 7 (21.88) 8 (27.59) 0.61 1.36 (0.43 - 4.24) 1 

Bantu CC 17 (66.67) 32 (82.93) - - - 0.11 

 CG 16 (33.33) 9 (17.07) 0.18 3.346 (1.22 - 9.155) 1 

Semi-bantu CC 44 (61.11) 127 (69.78) - - - 0.2 

 CG 28 (38.89) 55 (30.22) 0,184 0.7 (0.386 - 1.199) 0.4 

*p-value Cochran-Armitage trend test; Bonf: Bonferroni; p-value: Nominal p unadjusted asymptotic probability value; OR: odds ratio; Confidence Interval 
at 95%. 
 
Table 8. Relationship between SET8, TP53 and known clinicopathological variables 

Clinicopathological 
variables 

Number (n = 
111) 

Genotype (%) SET8 p-value Genotype (%) TP53 p-value 

CC TC CC CG 

Age (years)    1   0.09 

≤40 53 46 (86.79) 7 (13.21)  34 (64.15) 19 (35.85)  

>40 58 51 (87.93) 7 (12.07)  46 (79.31) 12 (20.69)  

Site of Breast    0,611   0.72 

Left 53 45 (84.91) 8 (15.09)  40 (75.47) 13 (24.52)  

Right 54 48 (88.89) 6 (11.11)  37 (68.52) 17 (31.48)  

Bilateral 4 4 (100) 0 (0.00)  3 (75) 1 (25)  

Tumor stage    1   0.70 

I, II 9 8 (88.89) 1 (11.11)  6 (66.67) 3 (33.33)  

III, IV 102 89 (87.25) 13 (12.75)  74 (72.55) 28 (27.45)  

Lymph node    0.37   0.51 

Yes 71 60 (84.51) 11 (15.49)  53 (74.65) 18 (25.35)  

No 40 37 (92.5) 3 (7.5)  27 (67.5) 13 (32.5)  

Metastasis    1   0.66 

Yes 41 36 (87.80) 5 (12.19)  31 (75.61) 10 (24.39)  

No 70 61 (87.14) 9 (12.86)  49 (70) 21 (30)  

 
development between women with and without breast cancer. 

Additional association studies that take into consideration the clinical and 
pathological characteristics of the disease revealed no significant association be-
tween the polymorphisms at SET8 and TP53 loci and the risk of developing dif-
ferent clinical evolution of breast cancer in the studied population (Table 8). 

3.9. Frequencies of Combined Genotypes 

The combination of CC genotype of SET8 and GC genotype of TP53 revealed a 
significant protective effect (OR = 0.46, 95% CI: 0.24 - 0.91, p-value = 0.024) for 
BC development with the significant enlargement in healthy controls compared 
to BC patients. The other genotype combinations didn’t show any association 
with BC development (Table 9). 
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Table 9. SET8 and TP53 Genotype Combination Distribution in BC Cases and Controls 
in premenopausal. 

SET8 and TP53 Cases, N = 77 (%) Controls, N = 195 (%) p-value OR (95% CI) 

CC and CC 52 (67.53) 135 (69.23) - - 

CC and CG 20 (25.97) 24 (12.31) 0.024 0.46 (0.24 - 0.91) 

CT and CC 3 (3.90) 23 (11.79) - - 

CT and CG 2 (2.60) 11 (5.64) 0.735 0.72 (0.10 - 4.91) 

TT and CC 0 (0.00) 2 (1.03) - - 

TT and CG 0 (0.00) 0 (0.00) 0.524 0.2 (0.001 - 28.47) 

4. Discussion 

In this study, polymorphisms in two BC-related genes (SET8 and TP53) were 
investigated for their association with breast cancer development in Cameroo-
nian women. Our results revealed that the polymorphism at SET8 gene locus is 
significantly associated with BC development in premenopausal women. The 
minor T allele was significantly (OR, 0.31, 95% CI, 0.12 - 0.81; and unadjusted p 
= 0.02; adjusted p-value = 0.03) associated with a reduced risk of BC develop-
ment in premenopausal women. These results are in agreement with those re-
ported in premenopausal Chinese women with BC [23]. Moreover, this allele has 
been associated with an increased risk of epithelial ovarian cancer among Chi-
nese women [41]. The discrepancies observed in the association of T allele of 
SET8 with the development of different cancers could result from the cancer 
type and/or the genetic diversity between the studied populations. This diversity 
can be illustrated by the differences in the allelic frequencies and linkage dise-
quilibrium (LD) blocks among different ethnicities/races [42]. In Chinese and 
non-Hispanic white populations for instance, the allelic frequency for T allele is 
above 63% while in black African population, it is less than 12% according to the 
1000 genomes project [43]. For these reasons, certain polymorphisms associated 
with cancer development at this locus and for a given population could not be 
reproduced in others [44] [45]. 

Compared to TT genotypes, the TC genotype of SET8 is significantly asso-
ciated (OR, 3.08, 95% CI, 1.15 - 8.19; adjusted P = 0.04) with an increased risk of 
BC development in premenopausal women. This finding does not corroborate 
results reported in Chinese premenopausal women where Song et al. [23] showed 
that the TC genotype seemed to reduce the risk of getting BC compared to TT 
and CC genotypes. The discrepancies between these results could be related to 
the differences in allele frequencies and the genetic differences between Came-
roon and Chinese populations. With evidence that the T allele reduces the risk of 
BC development in premenopausal women, unlike the TC genotype which car-
ries both the T and C alleles, a dominant model was performed for over-domi- 
nance of the TC genotype over the genotype TT in comparison with the CC ge-
notype. Using this model (CT + TT vs CC), we found an increased risk of breast 
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cancer in individuals with both genotypes (OR, 3.26, 95% CI, 1.23 to 8.65; and 
unadjusted p = 0.02; adjusted p = 0.04). This could be explained by the low fre-
quency of the TT genotype in cases and controls. However, our results are in line 
with those demonstrating that polymorphism at SET8 locus increased the risk of 
prostate cancer in the co-dominant (i.e.: TC vs TT and CC vs TT) and dominant 
models of inheritance tested [46]. 

Although some investigations suggested no association between polymor-
phism at TP53 locus of codon 72 and BC development in Africa [19] [23] [47] 
[48], other studies reported some associations with a variety of human cancers in-
cluding BC [49] [50] [51]. When our analyses were undertaken on the entire pop-
ulation without stratification, no association was found between polymorphism at 
TP53 locus with BC development neither with the Cochran-Mantel-Haenszel 
(CMH) nor with the Cochran-Armitage trend test. These results are in line with 
those reported elsewhere in Africa where, whatever the menopausal status, no 
association was reported between polymorphism at rs1042522 of TP53 and the 
risk of BC development [19] [48]. However, it is important to point out that the 
allele frequencies were not in HWE at this locus when the entire population was 
analyzed. This deviation of HWE could result from the heterogeneity of our stu-
died population formed by three different ethno-linguistic groups with some 
genetic differences. This heterogeneity induces a deviation from HWE resulting 
probably from the Wahlund effect [52] which is caused by some variations in al-
lele frequency among subpopulations [52] [53] [54]. Indeed, in different regions 
of Cameroon, the populations are grouped according to their ethno-linguistic 
groups with very few probabilities of inter-marriage between people from dif-
ferent ethno-linguistic groups. This social behavior could induce Wahlund effect 
resulting from the lack of genetic exchange between populations of different eth-
no-linguistic groups [30]. Consequently, an increase in the inbreeding rate, a 
strong genetic drift and a decrease of the genetic diversity could be observed 
within and between these populations [55] [56] [57]. The small sample size of 
Sudano-sao ethno-linguistic groups could also increase the inbreeding effect on 
the high variance of allele frequencies. The heterogeneous structure of our stu-
died population may impale a strong genetic drift that changes the gene ratio of 
population in a random manner. Moreover, the errors impaled by genotyping 
methods could increase the heterozygote frequency and the observation of some 
mutant alleles [58] [59] [60] [61]. These hypotheses are strengthened by the dif-
ferences observed for the values of HWE within and between different eth-
no-linguistic groups (S5 Table). All these factors could bias results of association 
studies and consequently, a reduction of the power of this study. 

When the Sudano-sao ethno-linguistic group was excluded because it was not 
in HWE, an association was found between polymorphism at TP53 locus and 
the risk of BC development in premenopausal women. In fact, the G allele of 
TP53 locus is significantly associated (OR, 2.533, 95% CI, 1.455 - 4.408; adjusted 
P = 0.002) with risk of BC among premenopausal Cameroonian women. These 
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results are in line with those reported in Caucasian patients where polymor-
phism at the same locus seemed to increase risk of BC among premenopausal 
women [62]. However, some studies have suggested that there is no association 
between the rs1042522 variant and the development of BC in Africa, whatever 
the menopausal status [19] [47]. The discrepancies between association studies 
involving this SNP could be explained by the genetic variability of the African 
population made up of various ethno-linguistic groups characterized by a diver-
sity of genetic background [21] [62]. 

Although the CG genotype of TP53 has not been implicated in premenopausal 
BC susceptibility [48], results (adjusted p-value of 0.002 and an OR of 0.39) of 
our study revealed its association with a reduced risk of developing BC in pre-
menopausal women. These results contrast those of Cherdyntseva et al. [61] re-
porting that CG genotype seemed to increase the risk of BC in premenopausal 
Caucasian patients. Moreover, the GC genotype of TP53 showed a protective ef-
fect against retinoblastoma invasion [63]. The differences observed in these as-
sociation studies could be related to differences in genotype frequencies between 
various populations and the type of cancer considered. In our study, both cases 
and controls showed a high prevalence of C allele compared to G allele and the 
lack of GG genotype. Indeed, Brenna et al. [64] had shown that the frequency of 
G allele increases with latitude, while the C allele shows the opposite effect. 
Moreover, several studies reported that polymorphism at SNP rs1042522 is ba-
lanced by natural selection [65] [66]. They also reported that the frequency of C 
allele increases in a linear manner in multiple populations as they are near the 
equator, with around 60% in people of African descent and 17% - 34% in those 
of Caucasian descent [65] [66]. These variations in the allelic and genotypic fre-
quencies according to geographical position of the studied populations could 
partly explain the rarity of G allele and GG genotype in Cameroon and therefore, 
their association with the risk of breast cancer development in Cameroonian 
premenopausal women. 

In our study, the combination of CC genotype of SET8 with CG genotype of 
TP53 has a significant protective effect (OR = 0.46, 95% CI: 0.24 - 0.91, P = 
0.024) against BC development in premenopausal women. These results do no 
corroborate with those obtained in Chinese population where individuals with 
the same combined genotypes had a high risk of developing BC at an early age 
[23]. These results suggest that SET8 and TP53 gene variants may interact in BC 
development. They are in line with observations of Yang et al. [25] providing 
evidence that there is a gene-gene interaction between SET8 and TP53 poly-
morphisms and the risk of cervical cancer. Indeed, past investigations revealed 
the contribution of cancer-related SET8 mutants with p53 in the installation of 
DNA-damage signaling and senescence in primary human cells [67]. TP53 is 
regulated by monomethylation at K382 by SET8, which might render TP53 gene 
inert in part by preventing acetylation at K382 [67]. Further studies with large 
sample sizes are needed to confirm our findings. 
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5. Conclusion 

This study showed a significant association between the polymorphisms in the 
3’-UTR of SET8 and in the codon 72 of TP53 genes and the risk of developing 
BC in premenopausal Cameroonian women. The association of SET8 and TP53 
polymorphisms with the risk of BC suggests a multiplicative gene-gene interac-
tion. Further studies are warranted to elucidate the role of genetic polymorphisms 
in breast carcinogenesis in Cameroon. 
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