
Mol Genet Genomic Med. 2022;10:e2074.	﻿	     |  1 of 7
https://doi.org/10.1002/mgg3.2074

wileyonlinelibrary.com/journal/mgg3

Received: 12 November 2021  |  Revised: 4 October 2022  |  Accepted: 7 October 2022

DOI: 10.1002/mgg3.2074  

O R I G I N A L  A R T I C L E

Gene polymorphisms of cyclin-dependent kinase inhibitor 
and matrix metalloproteinase-9 in Sudanese patients with 
esophageal squamous cell carcinoma

Majdolin Mohammed Eltayeb1  |   Mohamed M. Ali1  |   Saeed M. Omar2  |    
Nouh Saad Mohamed3  |   Ishag Adam4  |   Hamdan Z. Hamdan5,6

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any 
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. Molecular Genetics & Genomic Medicine published by Wiley Periodicals LLC.

1Faculty of Medicine, Bahri University, 
Khartoum, Sudan
2Faculty of Medicine, Gadarif 
University, Gadarif, Sudan
3Molecular Biology Unit, Sirius 
Training and Research Centre, 
Khartoum, Sudan
4Department of Obstetrics and 
Gynecology, Unaizah College of 
Medicine, Qassim University, Unaizah, 
Kingdom of Saudi Arabia
5Department of Basic Medical Sciences, 
Unaizah College of Medicine, Qassim 
University, Unaizah, Kingdom of Saudi 
Arabia
6Department of Biochemistry and 
Molecular Biology, Faculty of Medicine, 
Al-Neelain University, Khartoum, 
Sudan

Correspondence
Majdolin Mohammed Eltayeb, 
Department of Biochemistry, Faculty of 
Medicine, Bahri University, Khartoum, 
Sudan.
Email: majdo.m.eltayeb@gmail.com

Abstract
Background: The polymorphisms of the cyclin-dependent kinase inhibitor 
(CDKN1A) gene and matrix metalloproteinase-9 (MMP9) gene may increase one's 
susceptibility to malignancies. In this study, the association of the single nucleo-
tide polymorphisms (SNPs) CDKN1A rs1059234 c.70C>T at the 3′ untranslated 
region and MMP9 rs17576 (c.836A>G, p.Gln279Arg) with esophageal squamous 
cell carcinoma (ESCC) in Sudanese individuals were investigated.
Materials and Methods: A case-control study involving age- and gender-
matched groups were conducted in a cancer center in eastern Sudan (Gadarif) 
between April and October 2020. The case group consisted of ESCC patients, 
whereas the control group comprised healthy subjects. Polymerase chain reaction-
restriction fragment length polymorphism was performed for the genotyping of 
the CDKN1A rs1059234 and MMP9 rs17576 SNPs. The genotyping results were 
confirmed by Sanger sequencing.
Results: The genotype distributions for CDKN1A rs1059234 and MMP9 rs17576 
were in agreement with the Hardy–Weinberg equilibrium. The variant allele T 
in CDKN1 rs1059234 c.70C>T was significantly more prevalent in the ESCC pa-
tients than in the healthy controls [51.3% vs. 19.2%; OR = 4.4; 95% CI (2.6–7.4); 
p < 0.001]. Moreover, in CDKN1A rs1059234, the genotype TC + TT [76.9% vs. 
38.4%; OR  =  5.3; 95% CI (2.6–10.7); p < 0.001] was more frequent in the cases 
than in the controls, and it was significantly associated with ESCC risk. In MMP9 
rs17576, the variant allele G was also significantly prevalent in the cases relative 
to the controls, and it was significantly associated with increased ESCC risk in 
the cases compared with the controls [27.5% vs. 1.9%; OR =  19.4; 95%CI (5.8–
64.1); p < 0.001]. Both genotypes containing the allele G (AG + GG) were the most 
common genotypes in the cases [48.7% vs. 3.8%; OR  =  23.7; 95%CI (6.8–81.7); 
p < 0.001], and they significantly increased the risk of ESCC.
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1   |   INTRODUCTION

Esophageal carcinoma (EC) is the eighth most commonly 
diagnosed cancer worldwide (Malhotra et al.,  2017). 
According to the National Cancer Registry report, the 
EC incidence rate is 5.8/100,000, making EC the seventh 
among the top 10 cancers in Sudan (Saeed et al.,  2014). 
EC has two major histopathological subtypes: esophageal 
squamous cell carcinoma (ESCC) and esophageal adeno-
carcinoma. A geographical variation has been observed 
between these major subtypes, with ESCC being predom-
inant in south and east African regions, including Sudan 
(Malhotra et al., 2017). The development of EC has been 
associated with many risk factors, such as personal habits 
(e.g., smoking and alcohol consumption), dietary habits 
(particularly red meat consumption), and genetic suscep-
tibility (Kamangar et al., 2009; Steccanella et al., 2017).

Several genes' variants such as rs4767364 
(NC_000012.12:g.112083644 G>A) in the aldehyde dehy-
drogenase-2 gene (ALDH2) (Chen et al., 2019), rs1229984 
(NP_000659.2:p.His48Arg) in acetaldehyde dehydroge-
nase gene (ADH1B) (Abnet et al., 2018) and many others 
(Simba et al., 2019) were found to be associated with EC 
among the African population. In the Sudanese popula-
tion in particular, a single study has reported an associ-
ation of P53 gene variants with EC (Eltaher et al., 2019). 
However, up to date, there is no single genome-wide asso-
ciation study (GWAS), or whole-genome sequencing study 
conducted among Sudanese or even African patients that 
investigated the association with EC. Therefore, we fol-
lowed the candidate gene approach in this study, and the 
selected genes have a prognostic impact on the patient's 
outcome (Liu et al., 2015).

Human cell growth is well controlled by the cell cycle. 
The cell cycle may be promoted by oncogenes and tumor 
suppressor genes; however, they may also arrest cell growth 
and instead induce apoptosis (Velez & Howard,  2015). 
Gene polymorphisms in tumor suppressor genes or down-
stream signaling proteins are well associated with cancer 
development (Velez & Howard, 2015).

Cyclin-dependent kinase inhibitor-1 (CDN1A) is a 
downstream signaling protein that is regulated by the 
P53 protein (guardian of the genome), a tumor suppres-
sor (Sharp et al.,  2014). CDN1A expression is markedly 

increased in response to DNA damage, resulting in cell 
cycle arrest at the transition between the G1 and S phases 
(El-Deiry et al., 1994). It is encoded by the CDKN1A gene 
(ID: 1026, OMIM: 116899), which is located in chromo-
some number 6 within the cytogenetic band 6p21.2 (El-
Deiry et al.,  1993). Apparently, a decrease in CDN1A 
expression may contribute to uncontrolled cellular growth 
and carcinogenesis (Li et al., 2005; Roninson, 2002). This 
phenomenon provides the rationale for the association of 
increased risk of malignancies with the SNP rs1059234 
c.70C>T (NC_000006.12:g.36685820 C>T) (Kaya 
et al., 2022), which is located at the 3′ untranslated region 
(3′-UTR). Studies have shown that the variant allele T of 
rs1059234 generates an unstable mRNA, which is suscep-
tible to rapid hydrolysis, leading to low CDN1A expression 
levels (Amara et al., 1995; Fan et al., 1996).

Tissue remodeling is an important process that enables 
malignant cells to invade and metastasize to other tissues 
(Liu et al., 2015). Zinc-containing matrix metalloprotein-
ases (MMPs) are among the protein families that are ac-
tively involved in tissue remodeling. A total of 26 MMPs 
have been identified, and these are coded by different genes 
in the human genome (Fields, 2015). The MMP9 gene (ID: 
4318, OMIM:120361) is mapped to chromosome 20 and is 
located within the cytogenetic band 20q12.2-13.1. It is a 
large gene containing 13 coding exons and 12 non-coding 
introns (Wu et al., 2013). MMP9 encodes the matrix metal-
loproteinase protein-9 (MMP-9), which is an enzyme that 
catalyzes the degradation of extracellular matrix struc-
tures. A report has indicated that MMP is involved in an-
giogenesis and cancer metastasis (Wieczorek et al., 2012). 
Meanwhile, SNPs may substitute amino acids in enzyme 
sequences, and as a result, enzyme activity may be al-
tered. Among the SNPs sequenced from the MMP9 gene 
is rs17576 c.836A>G (NC_000020.11:g.46011586A>G) 
(Hunt et al., 2018), which is a missense mutation wherein 
glutamine is substituted with arginine p.Gln279Arg. 
This substitution increases the MMP-9 activity, resulting 
in increased levels of active enzymes that induce neo-
vascularization and metastasis (Okada et al., 2017; Yang 
et al., 2014).

Although genetic susceptibility to EC has been studied 
before (Chen et al., 2021), there is a scarcity of published 
data on the association of EC with CDKN1A rs1059234 

Conclusion: A significant increase in ESCC risk is associated with the SNPs 
CDKN1A rs1059234 and MMP9 rs17576.
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and MMP9 rs17576 (Taghavi et al., 2010). Therefore, this 
study aimed to investigate the association of these SNPs 
with EC.

2   |   MATERIALS AND METHODS

2.1  |  Study subjects

An age- and gender-matched case-control study in-
volving newly diagnosed and untreated EC patients 
and healthy controls was conducted between April 
and October 2020. The patients were histologically 
confirmed as ESCC cases at a cancer center in Eastern 
Sudan (Gadarif). The controls were recruited from the 
same community and were matched for age and gen-
der. The participants were interviewed after they have 
signed informed consent. Data were collected using a 
questionnaire, which were filled out by the investigators 
after they have interviewed the participants. The ques-
tionnaire collects the participants' socio-demographic 
data (age, gender, weight, height, and place of resi-
dence), personal habits (smoking history and alcohol 
consumption), and clinical data (symptoms and tissue 
diagnosis). Then, peripheral venous blood (5  ml) was 
collected in EDTA-containing vacutainer tubes; DNA 
was immediately extracted, and the aliquot was stored 
at −20°C until genotyping through polymerase chain 
reaction (PCR)–restriction fragment length polymor-
phism (RFLP) analysis.

2.2  |  DNA extraction

Genomic DNA was extracted from peripheral blood leuco-
cytes by a salting-out procedure. In brief, 5 ml of blood was 
mixed with a lysis buffer (0.32 M sucrose, 1% TritonX-100, 
5 mM MgCl2, 10 mM Tris–HCl, pH 7.5). Leucocytes were 
spun down and washed with H2O; the pellet was incu-
bated with proteinase K at 37°C and subsequently salted 
out at 4°C using a saturated NaCl solution. The precipi-
tated proteins were removed by centrifugation, and the 
DNA was precipitated with ethanol.

2.3  |  SNP selection and genotyping

The genotypes for CDKN1A rs1059234 and MMP9 
rs17576 were determined by PCR-RFLP, as described 
previously (Huang et al., 2004; Wu et al., 2013). The PCR 
reaction mixtures (25 μl) for the CDKN1A (NG_009364.1) 
and MMP9 (NG_011468.1) genes consisted of 0.1  μM 
each of the forward and reverse primers, 100 μM each 

of the dNTPs, 0.5  U Taq polymerase (i-Taq iNtRON 
Biotechnology, Korea), and 2  μl of the extracted DNA. 
The PCR conditions for CDKN1A rs1059234 were as 
follows: an initial denaturation step at 95°C for 5  min 
followed by 35 cycles of denaturation at 96°C for 30 s, 
annealing at 65°C for 30 s, an extension at 72°C for 30 s, 
and a final extension at 72°C for 6  min. This reaction 
yielded an amplicon product of 298 bp. This product was 
digested by (Pst1, Thermo Scientific) after overnight in-
cubation at 37°C. For MMP9 rs17576, the PCR reactions 
were as follows: an initial denaturation step at 95°C for 
5 min followed by 30 cycles of denaturation at 94°C for 
30 s, annealing at 66°C for 1 min, an extension at 72°C 
for 1 min, and a final extension at 72°C for 10 min. This 
reaction yielded a PCR product of 300 bp, which was 
subjected to digestion by (MSPI, Thermo Scientific) after 
overnight incubation at 37°C. The digestion products for 
both SNPs are detailed in Table S1.

The digested products were visualized by running 
them in 2.5% gel electrophoresis and staining them with 
ethidium bromide.

The genotypes of the two SNPs were sequenced to 
confirm the PCR-RFLP results by using the Sanger deoxy-
ribonucleic acid sequencing method. Sequencing was pro-
vided by the BGI Company in China.

The sample size of 78 was calculated based on a 1:1 
case-to-control ratio and based on the predicted difference 
in the rate of MMP9 rs17576 polymorphism between the 
cases and the controls. Based on a previous report on EC 
in Sudan (Eltaher et al.,  2019), we assumed that the in-
vestigated SNPs would be present in at least 30% of the 
EC cases and 10% of the controls, giving this study an 
80% power to detect differences at the α-level of 0.05. The 
sample size was calculated using the OpenEpi calculator 
(OpenEpi, n.d.)

2.4  |  Statistics

The collected data were entered into SPSS (Statistical 
Package for Social Science) version 22.0 for Windows 
for data analysis. Continuous data (age) were checked 
for normality using the Shapiro–Wilk test. The clinical 
data for the two groups were compared using the Mann–
Whitney U test (for not normally distributed data) and 
Pearson's chi-square (χ2) test for continuous and categori-
cal data. The observed and expected genotype distribu-
tions and their agreement with the Hardy–Weinberg 
equilibrium (HWE) were assessed by using the chi-square 
(χ2) goodness-of-fit test. Differences in allele frequencies 
between the EC patients and the controls were compared 
using Pearson's chi-square test. The risk associated with a 
specific genotype was estimated using the Chi-square or 
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Fisher's exact test and using odds ratios (ORs), and it is 
expressed with a 95% confidence level. p-values of <0.05 
were considered significant.

3   |   RESULTS

The CDKN1A rs1059234 and MMP9 rs17576 SNPs were 
successfully genotyped in 78 EC patients and 78 controls. 
These two groups were well-matched in terms of age and 
gender. The mean (SD) age was 60.0 (18.0) years for the 
cases and 58.0 (13.0) years for the controls (p  =  0.687). 
The number of individuals with first-degree relatives who 
have had cancers and with a history of being alcoholic was 
significantly higher in the patient group than in the con-
trol group (Table 1).

The CDKN1A rs1059234 polymorphism was signifi-
cantly associated with EC (OR = 5.3; 95% CI = 2.6–10.7; 
p < 0.001). The proportion of heterozygotes (TC) was sig-
nificantly higher in the patient group (51.3%) than in the 
control group (38.5%) (p < 0.001; OR = 3.5; 95%CI = 1.7–
7.3). The proportion of T allele was also significantly higher 
in the patient group than in the healthy control group 
(51.3% vs. 19.2%; OR = 4.4; 95% CI = 2.6–7.4; p < 0.001) 
(Table 2).

Similarly, the MMP9 rs17576 polymorphism was sig-
nificantly associated with EC (OR = 23.7; 95% CI = 6.8–
81.7; p < 0.001). The proportion of heterozygotes (AG) was 
also significantly higher in the patient group (42.3%) than 
in the control group (3.8%) (p <  0.001; OR  =  20.6; 95% 
CI = 5.95–71.46). Additionally, the proportion of the G al-
lele was significantly higher in the patient group than in 
the healthy control group (27.5% vs. 1.9%; OR = 19.4; 95% 
CI = 5.8–64.1; p < 0.001) (Table 3).

The distribution of the genotypes and alleles of MMP9 
(rs17576) (goodness of fit χ2 = 1.050, df = 1, p = 0.305) and 
CDKN1A (rs1059234) (goodness of fit χ2 = 0.045, df = 1, 
p = 0.830) was consistent with the HWE.

4   |   DISCUSSION

To our best knowledge, this study is the first to investi-
gate the association of the gene polymorphisms of MMP9 
and CDKN1A with ESCC in the African–Sudanese pop-
ulation. The major finding of this study is that there is 
a significant association of CDKN1A c.70C>T rs1059234 
with ESCC development. This finding is contrary to that 
reported by Taghavi et al., who investigated Iranian 
ESCC patients (Taghavi et al.,  2010). Taghavi and col-
leagues have found smoking as the major risk factor for 
ESCC, and it may have a synergistic interaction with 
CDKN1A rs1059234, leading to the development of 
ESCC. This gene-environment interaction was not in-
vestigated in our study. Another factor that may have 
contributed to this disagreement is the ethnic group 
variations between the African–Sudanese patients and 
the Iranian patients, who belong to the Persian ethnic 
group. The dominant genotype in Iranian patients was 
homozygous CC (wild genotype), whereas TT (variant 
genotype) was dominant in our study population. Of 
note, the exact chromosomal location of the c.70C>T 
polymorphism is just 20 nucleotides after the stop 
codon. This is a critical position in the 3′-UTR of the 
gene containing the variant allele T, as the occurrence 
of a mutation in this region results in a physiologically 
unstable mRNA that is prone to rapid degradation; con-
sequently, CDKN1A levels are affected and ultimately 

Variables
EC patients (n = 78) 
frequency (%)

Controls (n = 78) 
frequency (%) p-value

Gender

Female 40 (51.2) 39 (50.0) 0.872

Male 38 (48.8) 39 (50.0)

Smoking

No 68 (87.2) 70 (89.7) 0.803

Yes 10 (12.8) 8 (10.3)

Alcohol

No 69 (88.5) 77 (98.7) 0.018*

Yes 9 (11.5) 1 (1.3)

Family history of cancer

No 69 (88.5) 78 (100) 0.003

Yes 9 (11.5) 0 (0)

*p-value <0.05.

T A B L E  1   Clinical characteristics 
of esophageal cancer (EC) patients and 
healthy controls from eastern Sudan 
(2020)
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cells' ability to divide, grow, and undergo apoptosis is 
reduced (Amara et al., 1995; Fan et al., 1996). Another 
finding of this study is that the minor allele frequency 
(MAF) for the variant allele was T = 0.352 in our popu-
lation, and it is associated with ESCC development, as 
observed in this study. This allele frequency is far from 
T = 0.099 that was reported by Taghavi et al. However, 
according to the 1000 Genomes Project, the MAF among 
African populations is generally T  =  0.23, and that 
among the Gambian populations is T =  0.31, which is 
considered close to the frequency we reported (Hunt 
et al., 2018). Such MAF variations are not astonishing, 
as African populations are well known as having a con-
siderably high intra- and inter-African population diver-
sity (Bereir et al., 2003). Interestingly, the highest MAF 
reported in the 1000 Genomes Project is T = 0.50, which 
was observed in the Chinese Han population; this ethnic 
group is found in Southeast Asia, where the highest fre-
quency of ESCC has been reported, followed by the East 
African region (Malhotra et al., 2017).

In this study, we observed a significant association be-
tween the MMP9 rs17576 p.Gln279Arg and ESCC develop-
ment. The AG and GG genotypes, which possess the variant 
allele G, were significantly higher in the cases than in the 
controls. To date, no published studies have investigated the 
role of rs17576 p.Gln279Arg in EC. However, many studies 

have investigated this polymorphism in association with 
gastric and other types of malignancy (Oliveira et al., 2020; 
Tang et al.,  2008). Our finding is consistent with that of 
Tang and colleagues, who have found a significant associa-
tion between rs17576 and gastric cancer (Tang et al., 2008). 
It is worth mentioning that this missense mutation leads to 
the replacement of uncharged glutamine with a positively 
charged arginine. Structurally, arginine is a huge amino 
acid compared with glutamine. Moreover, this substitution 
occurs at position 279 in the MMP-9 protein sequence; this 
position is functionally important as it is located within 
the catalytic domain of the enzyme MMP-9, and it bears 
the enzyme active site for its substrate (Zhang et al., 1999). 
Biophysically, the variant residue 279R forms strong salt 
bridges with the 280D residue through its side chains. The 
formation of such a bridge will change the 3D conforma-
tion of the enzyme and hence the activity of the substrate-
binding cleft. These changes do not occur in the wild-type 
279Q residue (Tang et al.,  2008). Perhaps, this evidence 
may provide the rationale for the observed overactivity of 
MMP-9 in patients suffering from different types of cancer.

The frequency of the variant allele G, which is also the 
minor allele, was significantly higher in the cases than in 
the controls (G = 0.275 vs. G = 0.019). However, the over-
all MAF in this study is G = 0.147, which is lower than 
that reported for the African population (G = 0.34) in the 

T A B L E  2   Genotype and allele frequencies for the CDKN1A rs 1059234 gene polymorphism in esophageal cancer patients and healthy 
controls from eastern Sudan (2020)

Genotypes
Patients (n = 78) 
frequency (%)

Controls (n = 78) 
frequency (%) OR (95% CI) p-value

CC 18 (23.1) 48 (61.5) Reference

TC 40 (51.3) 30 (38.5) TC vs. CC 3.5 (1.7–7.3) <0.001***

TT 20 (25.6) 0 (0) TT vs. CC 53.3 (6.6–426.5) <0.001***

TC + TT 60 (76.9) 30 (38.4) TC + TT vs. CC 5.3 (2.6–10.7) <0.001***

Allele C 76 (48.7) 126 (80.7) Reference <0.001***

Allele T 80 (51.3) 30 (19.2) T vs. C 4.4 (2.6–7.4)

***p-value <0.001.

T A B L E  3   Genotype and allele frequencies for MMP9 rs17576 gene polymorphism in esophageal cancer patients and healthy controls 
from eastern Sudan (2020)

Genotypes
Patients (n = 78) 
frequency (%)

Controls (n = 78) 
frequency (%) OR (95% CI) p-value

AA 40 (51.2) 75 (96.3) Reference

AG 33 (42.3) 3 (3.8) AG vs. AA 20.6 (5.95–71.46) <0.001***

GG 5 (6.4) 0 (0) GG vs. AA 10.54 (1.18–93.5) <0.001***

AG + GG 38 (48.7) 3 (3.8) AG + GG vs. AA 23.7 (6.8–81.7) <0.001***

Allele A 113 (72.4) 153 (98.1) Reference <0.001***

Allele G 43 (27.5) 3 (1.9) G vs. A 19.4 (5.8–64.1)

***p-value <0.001.
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1000 Genomes Project, and it is nearly half that reported 
in the Gambian population (G = 0.27). This variation is ex-
pected, as the African population is considerably diverse, 
and the Sudanese population is not an exception (Bereir 
et al., 2003).

To the best of our knowledge, this is the first African 
study to investigate the association of rs17576 and 
rs1059234 with the development of EC. The variant alleles 
in the investigated SNPs were found to be significantly 
associated with ESCC. Our current findings are valuable 
to academics, clinical oncologists, and molecular oncol-
ogists. Our results are in addition to the current African 
literature on EC. Moreover, our results might help in the 
screening and stratification of cases with a poor-prognosis 
and poor clinical outcome. Furthermore, it consolidates 
the current understanding of the association of the inves-
tigated SNPs with EC, and this could be lay-out a base for 
a targeted molecular drug. However, for a better under-
standing of our results, some limitations should be men-
tioned. First, this study employed the case-control study 
design, so causality could not be determined. Second, we 
did not assess the expression level of CDKN1A or MMP9 
or their enzymatic activity, which would affirm the func-
tional impact of the investigated SNPs. Therefore, further 
studies employing cohort design that evaluate the expres-
sion level and enzymatic activity for CDKN1A and MMP9 
are warranted.
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