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Abstract

Background: Matrix metalloproteinases (AM/AMPs) gene polymorphisms contrib-
ute to the risk of developing cardiovascular diseases. This study aimed to de-
termine the possible association of two polymorphisms of two MMP genes
(MMP1 and MMP3) with essential hypertension (EH) in a Burkinabé popula-
tion. Method: The genomic DNA of 72 hypertensive patients and 73 normo-
tensive patients was extracted from their blood samples by the Salting Out
technique. The —1607 1G/2G MMP1, —1171 5A/6A MMP3 polymorphisms
were detected by the allele-specific polymerase chain reaction technique. Re-
sults: The chi-squared test shows that an association exists between frequen-
cies of alleles 1G (OR = 1.93; p = 0.012) and 5A (OR = 1.9; p = 0.013); geno-
types 1G1G (p = 0.007) and 5A5A (p = 0.0001) and EH in the study popula-
tion. So, the frequencies of the combined 1G1G/5A5A and 2G2G/6A6A gen-
otypes were higher in cases (p = 0.0068). Multinomial logistic regression found
that HDL cholesterol (OR = 38.27; p = 0.011), blood glucose (OR = 2. 46; p =
0.009), family history of hypertension (OR = 6.88; p = 0.03), lack of exercise
(OR =23.85; p = 0.008), were independent risk factors for developing essential
hypertension in our general study population. Conclusion: Our study sug-
gests that genetic polymorphism in MAMP1 and MMP3 might be helpful in
determining susceptibility to EH in Burkinabe patients. In addition, suscepti-

DOI: 10.4236/jbm.2025.135013 May 21, 2025 154

Journal of Biosciences and Medicines


https://www.scirp.org/journal/jbm
https://doi.org/10.4236/jbm.2025.135013
http://www.scirp.org
https://www.scirp.org/
https://orcid.org/0000-0002-4317-5930
https://doi.org/10.4236/jbm.2025.135013
http://creativecommons.org/licenses/by/4.0/

P. Bado et al.

bility to EH might be related to AMAMP1 and MMP3 gene expression, which
affect its plasma levels.
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1. Introduction

High blood pressure (HBP) is a chronic medical condition that causes a real public
health problem. It affects, on average, 1 in 3 adults and is responsible for 13% of
deaths worldwide [1]. In the world, the overall prevalence of HBP in adults from
39 to 79 years was around 33% [2]. It’s higher among adults in low- and middle-
income countries (LMICs) (31.5%) than in high-income countries (28.5%) [3] [4]
and varies from one country to another and across residential areas [5]. The over-
all prevalence of hypertension in Burkina Faso was 18% in adults aged 25 to 65
years [6]. In several countries, HBP risk factors were well documented and com-
prise non-modifiable factors such as age, sex, and family history of HBP; behav-
ioral risk factors such as salt intake, alcohol consumption, smoking, and physical
inactivity; socio-demographic factors such as the place of residence, educational
level, economic status; and metabolic factors such as diabetes, obesity, dyslipidemia.
The family history as a risk factor suggests a genetic factor in HBP. However, in
the almost HBP surveys in Sub-Saharan Africa as Burkina Faso, the genetic factors
are least investigated. But, in 90% to 95% of hypertension, the cause is unknown;
it’s essential hypertension (EH) as opposed to secondary hypertension. Among
these unknown causes genetic factors would be one of the main factors. Now, most
of one hundred (100) human genes are suspected to be involved in hypertension
variability. Overall, these genes are involved in the production of vasoactive me-
tabolites which are very polymorphic. Among these metabolites, there are metal-
loproteinases (A/MPs) which are a protein family involved in several biological pro-
cesses such as extracellular matrix degradation [7] [8]. Because of their major sig-
nificance in vascular remodeling, some studies have demonstrated that MMP gene
polymorphism are associated with artery stiffness and high blood pressure [9] [10].
Increased expression and activity of MMP have been identified in the change of
relative amounts of structural proteins and vascular remodeling, contributing to
the developing arterial stiffness by vascular smooth muscle modification causing
hyperplasia. In the MMP1 and MMP3 genes, some functional SNPs were found to
correlate at the different levels of these genes’ expression. Indeed, in the MAMP1 gene,
the SNP due to the additional insertion of a guanine (G) at position —1607/-1608 in
the MMP1 promoter creates a binding site (5'-GGAA/T-3') for the transcrip-
tion factors of the ETS family [11]. This SNP has been associated with up-regula-
tion of MMP1 transcription and possibly increases the activity of this enzyme.

The insertion of adenosine (A) into the promoter of the MMP3 gene, at position
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—1612/-1617 upstream of the start of transcription, creates a polymonomeric se-
ries of six adenosines (allele 6A), while another variant has five adenosines (allele
5A). These activities of MAMPs contribute to hypertension rising by a blood vessels
constriction [12]. That explains the great interest in leading studies about these
predisposing genes and their polymorphism to hypertension and cardiovascular
diseases.

Studies about genetic factors associated with HBP risk and blood pressure reg-
ulation in populations of African ancestry were conducted [13]. However, to date,
no study has explored the relationship between EH and metalloproteinase gene
polymorphism. Given the genetic diversity of African populations, the available
data cannot be extrapolated from one population to another. This study aims to
determine the involvement of polymorphisms in the promoters of the AAP1 and
MMP3 genes as genetic markers in the development of cardiovascular diseases, in

particular EH, in Burkina Faso.

2. Methodology
2.1. Study Setting

It’s a case control study which took place from December to February 2023 in Oua-
gadougou city, Burkina Faso. The sampling was performed at the Hopital Saint Ca-
mille de Ouagadougou (HOSCO), Centre médical Schiphra, and Centre médical du
Camp Sangoulé Lamizana. Biochemical and biomolecular analyzes were carried out
respectively at Centre de Recherche biomoléculaire Pietro Annigoni (CERBA) and
at Laboratoire de biologie moléculaire et de Génétique (LABIOGENE).

2.2. Study Population

Aged 20 years and older, the study population consisted of subjects of all genders
and all social categories who came to consult in the health facilities mentioned
above. In total, 145 subjects, including 72 patients suffering from EH (cases) and
73 normotensive subjects (controls), were included in this study. This relatively
small sample size is explained by the limited means of hypertensive patients, who
are generally elderly and choose to be native. Also, many people without vascular
disease who should be control group refuse to participate in these studies because
of certain cultural preoccupations, thus reducing the efficient recruitment of con-
trols.

We considered the case of the black subject who had a systolic blood pressure
(SBP) = 140 mmHg and/or diastolic blood pressure (DBP) = 90 mmHg or who
was under antihypertensive treatment. Secondary hypertensives or those on hor-
monal treatments (estrogen, thyroid, corticosteroids) and pregnant or breastfeed-
ing women were not included in this study.

The control group was subjects whose blood pressure was less than 140/90 mmHg.
Pregnant and breastfeeding (less than 6 months) women and anyone on antihy-
pertensive or hormonal treatment or suffering from a cardiovascular condition

were also not included in this group.
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2.3. Biological Material and Data Collection

In each subject, about 4 mL of venous blood was taken in a tube with EDTA and one
tube without anticoagulant. Serum from tubes without anticoagulants was used
for biochemical analysis, and whole blood from EDTA tubes was used for molec-
ular analysis.

We conducted face-to-face interviews with a structured questionnaire, includ-
ing mainly participants’ sociodemographic characteristics and family history for

some noncommunicable diseases such as diabetes, HBP, and asthma.

2.4. Clinical, Anthropometric, and Biochemical Data

The clinical (blood pressure), anthropometric (height, Weight, body mass index, and
Waist circumference), and biological ( Glycemia, Total Cholesterol, HDL-c, LDL-c,
and Triglycerides) parameters of patients were measured and collected on an in-
dividual sheet.

Height, Weight, and body mass index (BMI) were calculated by dividing the
weight (kilograms) by the square of the height (meters). BMI was used to deter-
mine obesity when BMI > 30 kg/m? overweight when BMI was between 25 and 30
kg/m?, normal weight when BMI was between 20 and 25 kg/m? and underweight
for a BMI less than 20 kg/m?

Waist circumference (WC) was determined by measuring the circumference of
the abdomen when the subject had minimal breathing using a tape measure. Ab-
dominal obesity was determined in men when the WC is greater than 102 cm and
in women when it is greater than 88 cm.

Blood pressure was measured in both arms using a mercury sphygmoma-
nometer in subjects after 20 minutes of rest, in a sitting or lying position, with the
cuff placed on the plane of the heart. Two measurements were taken on each arm,
5 minutes apart during the same consultation, and the BP figure retained was the
average of the readings in the arm where the BP was highest.

Biochemical analyses were conducted using the COBAS C311 automatic ana-
lyzer (Roche-Hitachi).

2.5. Characterization of MMP1 and MMP3 Genes Polymorphism

»  Purification of DNA

The Salting Out technique described by Miller ef al [14] was used for DNA
purification from whole blood. A Nanodrop spectrophotometer (TermoFisher Sci-
entific Inc., Wilmington, DE, USA) was used to assess DNA purity and concentra-
tion before genotyping. DNA extracts with a good concentration and purity were
stored at —20°C until the next step.
»  Genotyping of genes MMP1 and MMP3 promoter polymorphisms

The polymorphism looked for was single nucleotide polymorphism (SNP) caused
by an insertion (I) or a deletion (D) into the MMP1 and MMP3 genes’ promoter.

The amplification techniques used were described by Morosova et al [15] which
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consisted of amplification of each allele using specific primers (Table 1). The am-
plification was performed according to the following program: initial activation
at 95°C (5 min); 40 cycles of 94°C (30 s), 55°C (30 s), and 72°C (30 s); and a final
extension to 72°C (7 min).

Table 1. The pairs of specific primers to the MMP1 and MMP3 alleles.

Alleles Primers Size (pb) References
MMP1—1607
Forward: gaa att gta gtt aaa taa tta gaa aga t
G 8 gta g gaa ag 226
Reverse: aaa aca tac agt gga gaa aca c [15]
Forward: aaa ttg tag tta aat aat tag aaa gga
26 g lag g 88 241
Reverse: tgg aag cat tta ttg aaa ac
M M }B—1171
Forward: ttg at a aaa ac
A g alg g8g g8 226

Reverse: act cca gag aaa att tac aaa gg [15]

Forward: ttg atg ggg gga aaa aa

6A 282
Reverse: aac ata tta tct atc agg ctt tcc t

PCR products (MMP3 and MMP1) were evaluated after 45 min electrophoresis
under 120 V and 450 mA in a 1.5% agarose gel under SYBR Green and visualized
in an ultraviolet transilluminator (E-BOX Vilber) (Figure 1).

WM S1 S2 S3 S1I 82 S3 S1 S2 S3

B
pmme—
S———
—_——
—
—
-— -
- -

1G 5A 2G 6A
(226 pb)  (226pb)  (241pb) (282 pb)

Legend: WM = weight marker (100 bp); S1: Samples 1; S2: Sample 2; S3: Sample 3.

Figure 1. Agarose gel picture showing AMMP1 and MMP3 allele bands.

2.6. Statistical Analysis

The data were recorded in the Excel 2016 version, analyzed, and interpreted by

the software STATA 14. The student test was used to compare means of quantitative
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variables, and the Chi-square test was used to compare proportions between groups.
The SNP analyses were performed using the SNPStat software online. By consid-
ering the hypertensive status as a dependent variable, we did a logistic regression
to identify the risk factors associated with EH in this study. The results were con-

sidered statistically significant if the value of p < 0.05.

2.7. Ethical Approval and Informed Consent

This study obtained the agreement of the research internal ethics committee of
CERBA/LABIOGENE. The confidentiality and anonymity of patients and the in-
formation concerning them are respected.

3. Results

3.1. Sociodemographic Features of Study Population

The overall features of the study population are summarized in Table 2. There are
145 subjects, including 72 hypertensives with 23 men and 49 women, and 73 nor-
mal-hypertensive with 32 men and 41 women. The gender distribution in the two
groups (hypertensive and normotensive) was homogeneous. In the case group,
the mean age (54,64 * 2.58) was more than that of the control group (45.38 + 2.06)
(p > 0.05). Most biochemical parameters (SBP, DBP, Glucose, HDL-c, LDL-c, To-
tal cholesterol, BMI) measured were significantly rising in the hypertensive group

(p < 0.05), except for triglycerides (p = 0.62).

Table 2. Overall features of the study’s population.

Variables Total Normotensive (control) Hypertensive (Case) p-value
(% or IC, 95%) (% or IC, 95%) (% or IC, 95%)
M 55 (0.44) 32 (0.38) 23 (0.32)
Sex (n) 0,1415
F 90 (0.56) 41 (0.62) 49 (0.68)

Age (years) 49.98 (48.18 - 51.78) 45.38 (43.32 - 47.44) 54.64 (52.06 - 57.22) <0.0001*
SBP (mmHg) 127.69 (124.63 - 130.76)  115.25 (112.55 - 117.95)  140.31 (136.60 - 144.03)  <0.0001*
DBP (mmHg) 78.24 (76.47 - 80.01) 73.52 (71.18 - 75.86) 83.03 (80.84 - 8523)  <0.0001*
Glucose (mM) 4.87 (4.56 - 5.18) 4.02 (3.71 - 4.33) 5.73 (1.97 - 5.27) <0.0001*

Triglyceride (mM) 1.13 (1.03 - 1.23) 1.10 (0.98 - 1.23) 1.15 (0.99 - 1.32) 0.6293
HDL-c (mM) 1.30 (1.19 - 1.40) 1.07 (0.99 - 1.16) 1.53 (1.35 - 1.71) <0.0001*
LDL-c (mM) 2.75 (2.6 - 2.89) 2.48 (2.29 - 2.67) 3.03 (2.85 - 3.20) <0.0001*

Total cholesterol (mM) 4.67 (4.48 - 4.85) 4.09 (3.84 - 4.35) 5.25 (5.07 - 5.43) <0.0001*
BMI (Kg/m?) 26.86 (25.74 - 27.97) 24.70 (23.42 - 25.98) 29.04 (27.33 - 30.75) 0.0001*

Values are reported as means + standard deviation for continuous variables; Statistical analysis (Cases versus controls) by
t-test or chi-square; *: significant difference between groups (p < 0.05); MD: Means difference, CI: Confidence interval, SBP:
Systolic blood pressure, DBP: Diastolic blood pressure, HDL-c: High-density lipoprotein cholesterol, LDL-c: Low-density
lipoprotein cholesterol, Mm: Millimolar, Mm/Micromolar, BMI: body mass index.

The sports practice was raising in the normotensive group than the hyperten-
sive group (OR = 3.82, IC 95% = 1.81 — 8.06, p < 0.0002); there is no significant
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difference in the alcohol consumption among the two groups (OR = 1.43, IC95%
=0.74-2.77, p = 0.28). Most subjects had previous own or family EH and diabetes

type 2 in hypertensive groups (Table 3).

Table 3. Lifestyle and pathologic antecedents of the study population.

Parameters

Fh-HTA
Fh-Asthma
Fh-DT2
Ph-Asthma
Ph-DT2

Sport
Alcohol

Cases n (%)

Controls n (%)

Familial or personal history

43 (0.60)

4(0.06)
8 (0.11)
3(0.04)
7 (0.10)

Sport practice and alcohol consumption

32 (44.4)
40 (55.5)

13 (0.18)
0(0)
2(0.03)
0 (0)
2(0.03)

55 (75.3)

334 (46.6)

OR (IC 95%)

0.27 (0.11 - 0.62)
0.00 (ND)
0.36 (0.7 - 0.83)
0.00 (ND)
0.42 (0.8 - 2.16)

3.82 (1.81 - 8.06)
1.43 (0.74 - 2.77)

P-value

0.0001
0.06
0.04
0.07

0.0314

< 0.0001
0.2811

Fh-HTA, Family history of HTA, Fh-asthma, Family history of Asthma, FA-D72, Family history of diabetes type 2, Ph-
asthma, Personal history of asthma, Ph-D7T2, Personal history of diabetes type 2.

3.2. Genetic Feature: Genotypic and Allelic

Table 4. Frequency distribution of haplotype MMP1 (-1607 2G/1G) and MMP3 (—1612 5A/6A) genotypes among case and

control subjects.

General pop Case Control
SNP OR P-val
® n (%) n (%) n (%) vetne
1G1G 78 (0.54) 48 (0.67) 30 (0.41) 1 (ref groupe)
1G2G 51 (0.35) 17 (0.23) 34 (0.47) 0.31 (0.14 - 0.68) 0.007
Genotypes
2G2G 16 (0.11) 7 (0.10) 9 (0.12) 0.48 (0.1 - 1.47)
MMP1
HWE p=022  p=036
1G 0.71 0.78 0.64
Alleles 1.93 (1.12 - 3.37) 0.012
2G 0.29 0.22 0.36
5A5A 68 (0.47) 47 (0.64) 21 (0.29) 1 (ref groupe)
5A6A 65 (0.45) 15(0.21) 50 (0.68) 0.13 (0.05 - 0.32) <0.0001
Genotypes
6A6A 12 (0.08) 10 (0.15) 2(0.3) 2.23(0.44 - 11.33)
MMP3
HWE p=024  p=037
5A 0.69 0.76 0.63
Alleles 1.9 (1.10 - 3.27) 0.0132
6A 0.31 0.24 0.37

Genotypic and allelic frequencies generated by the two SNPs in each gene pro-
moter (MMP1, MMP3) are summarized in Table 4. Both genes were in Hardy-
Weinberg equilibrium (HWE) (p > 0.05). The two alleles looked for were found
for each gene; there are 1G and 2G alleles for MA/P1 and 5A and 6A alleles for the
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MMP3 gene. The 1G allele was more frequent in hypertensive (0.78) than in the
normotensive group (0.64). Similarly, the 5A allele was more frequent (0.76) than
in the normotensive (0.63). Three genotypes were found for each gene (MAMPI:
1G1G, 1G2G, 2G2G; MMP3: 5A5A, 5A6A, 6A6A), and among them, 1G1G was
more frequent in the hypertensive group than the other two genotypes of the
MMP1 gene (67% versus 41%, p = 0.007). Similarly, the 5A5A genotype was more
frequent in the hypertensive group than the two other genotypes of the AMAMP3
gene (64% versus 29%, p = 0.0001).

To investigate the effect of gene-gene polymorphism interaction on the EH risk
in case and control groups, haplotype and linkage disequilibrium were performed
on two genes, MMP1 and MMP3. Four common haplotypes were found in both
cases and the control. Haplotype 1G-5A being taken as a reference, any significant
difference was found between the other free haplotypes in cases and controls (p >
0.05) (Table 5). In another part, there was no significant linkage disequilibrium
(LD) D between both genes (D = 0.01; p =0.52).

Table 5. Frequency distribution of haplotype MMP1 (-16072 G/1G) and MMP3 (-1612 5A/6A) genotypes among case and

control subjects.

Haplotype Frequency in the total population Frequency in case Frequency in control OR (95% CI) P-value

1G-5A

2G-5A

1G-6A

2G-6A
D

0.34 0.27 0.40 1.00 (ref)

0.25 0.28 0.22 0.57 (0.27 - 1.20)  0.14

0.22 0.27 0.17 0.43 (0.18 - 1.03)  0.06

0.19 0.18 0.21 0.81 (0.39 - 1.68)  0.57
0.01 0.52

Table 6. Logistic regression for risk analysis of essential hypertension.

Factors OR I1C95% p-value
Age 1.04 0.96 - 1.13 0.336
Chol-HDL 38.27 2.33-627.98 0.011
Chol-Total 6.22 0.98 - 39.67 0.053
Glycemia 2.46 1.25-4.8 0.009
BMI 1.13 0.97 - 1.33 0.120
Fh-HTA 6.88 1.12 - 42.16 0.037
Alcohol 3.36 0.55 - 20.51 0.189
Sport 23.85 2.32 - 244.61 0.008

A logistic regression for the EH risks factor in the study population allowed us
to show that the concentration rising of cholesterolemia HDL (OR = 38.27; IC
95% = 2.33 — 627.98; p = 0.011) and glycemia (OR = 2.46; IC 95% = 1.25 — 4.8; p
= 0.009), familial EH previous history (OR = 6.88; IC 95% = 1.12 — 42.16; p <
0.001), and the sport practice lack (OR =23.85; IC 95% = 2.32 — 244.61; p = 0.008),
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was the independent risk factor associated to develop EH in our study population
(Table 6).

4. Discussion

EH has become one of the frequent health issues both in developed and develop-
ing areas. EH raising is explained by the contribution of several factors, including
genetics, which is estimated from 25% to 75% in different populations according
to familial and twin studies [16]-[19]. Among these genetic factors, there are genes
such as matrix metalloproteinase, which code for a specific enzyme group with
biological activities such as the degradation of matrix extracellular (ECM) com-
ponents [20] [21]. The imbalance between ECM synthesis and degradation caused
by the modification of MAMPs expression can lead to a decrease in the remodeling
capacity of the vascular wall. It has been noticed that SNPs of MMPs genes are
associated with EH and its complications in different populations such as Austral-
ian (rs3025058 MAMP3), Polish (rs3025058 MMP3), American (rs652438 MMP12),
Sweden (rs11568818 MMP7), Brazilian (rs243865 MMP2) and Serbian (rs11225395
et 1s1320632 MMUPS, rs1799750 MMP1) [22] [23]. This study aimed, on the one
hand, to find features of MMP1 and MMP3 gene promoters in Burkina Faso and,
on the other hand, to analyze a potential relationship between these genotypes and
the risk of getting EH.

The study population consisted of 145 subjects with 55 men and 90 women.
Similarly, the women are most raised in the hypertensive group (p = 0,1415). Overall,
EH is less frequent in women than in men. This rising frequency in our study
could be explained by two reasons: according to the national statistics, women rep-
resent 51.7% of the general population [24] and also women visit health facilities
more than men in Burkina Faso [24]. Until then, no study has allowed explaining
if this difference between men and women is related to the protective effect of
endogenous estrogen on the EH risk, to genetic differences related to sex, or con-
founding variables such as salt and alcohol consumption, body mass index, psy-
cho-socio-economic factors, and sedentary lifestyle.

The mean age in the study population was 45.38 + 2.06 years in the normoten-
sive group; in contrast, it was 54.64 * 2.58 years in the hypertensive group (p <
0.0001). The average age in the hypertensive group was close to that (52 + 9,82)
reported in a study in Burkina Faso ten years ago [25]. Many studies have shown
that advancing age increases the risk of hypertension, which is explained by arte-
rial stiffness due to aging, and increasing pressure in the arteries [26]-[29].

Several biochemical parameters such as SBP (mmHg), DBP (mmHg), Glucose
(mM), HDL-c (mM), LDL-c (mM), Total cholesterol (mM), and BMI (Kg/m?) are
significantly higher in hypertensives than in normotensives (p < 0.001). The BMI
average in hypertensives was superior to that in normotensives (29.04 £ 1.70 ver-
sus 24.70 = 1.28; p < 0.001). This BMI average supposes that most of the hyper-
tensive subjects of our study were overweight, obesity being defined as BMI supe-

rior to or equal to 30 Kg/m? [30]. This significant difference in average BMI be-
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tween the two groups means that obesity would be an EH risk factor. Similar stud-
ies have been carried out in Nigeria [31] and Burkina Faso [32] showed that obe-
sity was the most prevalent risk factor associated with EH. In the hypertensive
group, previous familial EH and diabetes type 2 were more frequent than in the
normotensive group (p < 0.001). Many studies about subjects with parents’ hy-
pertension have shown an increasing risk of having hypertension, and that means
heredity plays an essential part in the occurrence of hypertension occurring [33]-
[35]. The elevation of HDL cholesterol in hypertensive patients compared to hy-
potensive patients can be explained by several pathophysiological mechanisms
and associated risk factors. These include, for example, the use of antihypertensive
medications that increase HDL levels; concomitant cardiovascular risk factors,
such as diabetes, obesity, and dyslipidemia, which are associated with variations
in HDL levels; and genetic variations influencing lipid metabolism, such as those
affecting lipoprotein lipase (LPL), cholesterol exchange protein (CETP), or HDL
receptors, may play a role in HDL concentration, independent of blood pressure
status [36] [37].

MMPs are a family of enzymes encoded by a set of genes of the same name,
which are involved in the degradation of the extracellular matrix (ECM). Among
these genes, there are MMP1 and MMP3 genes, which are located on the same
chromosome 11g21 - 22, and certain SNPs in these genes would be related to the
level of expression of proteins coded by that [38]. In the hypertensive group MMP1,
MMP2, MMP3, and MMP9 genes were the MMPs the most frequently expressed
[21] [39].

Genotypic frequency analysis of each gene (MAMP1, MMP3) has shown that the
study population was in Hardy-Weinberg equilibrium (p > 0.05). We found three
genotypes for each gene in our study population: MMP1 with genotypes 1G1G,
1G2G, 2G2G, and MMP3 with genotypes 5A5A, 5A6A, and 6A6A. Genotypes
1G1G and 5A5A were the most frequent in our study population, especially in the
hypertensive group (p = 0.007, p < 0.0001 respectively). 1G1G genotype could be
associated with EH, increasing the risk of developing the disease; in contrast, the
2G2G genotype, which is most frequent in control groups, could have a beneficial
effect on EH. The first study about these SNPs, performed by Rutter et al, described
that the insertion of an additional guanine giving a 2G allele into the A/A/P1 gene
promoter increases its expression, causing collagen and ECM degradation [11].
However, the 1G allele was associated with decreasing expression of the MMP1
gene [11], causing less degradation of collagen, leading to the accumulation of other
ECM components in the arteries, which promotes fibrosis development in the ar-
teries. These modulations raise the arterial stiffness and develop isolated systolic
blood pressure [40]. The hybrid genotype 1G2G has shown a high frequency in
the control group; that could mean normotensive subjects profit from the antag-
onist effect of these two alleles.

About the MMP3 gene, the 5A5A genotype was the most observed in the hy-
pertensive subjects (0.64 vs 0.29; p < 0.0001). Also, the 5A6A genotype was more
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frequent in the normotensive group than the hypertensive group (0.68 vs 0.21; p
< 0.0001). As in several previous studies, 5A5A genotypes were related to EH. The
adenine deletion in the MMP3 gene promoter at —1612/-1617 position creates a
succession of five adenines instead of six, which is strongly recognized by tran-
scription factors, causing a strong expression of MAMP3 [20] [41].

In contrast, the 6A allele, creating a succession of six adenines, is strongly rec-
ognized by repression factors ZBP-89, which regulate down the A/MP3 expression
[20] [41]. That would explain that the heterozygous subjects 5A6A could be pro-
tected from EH due to the antagonist effect of these two alleles. Increasing MMP
activities contribute to the development of arterial stiffness by vascular smooth
muscle modification, causing hyperplasia [39]. That explains why the heterozy-
gous 5A6A subjects are protected from EH due to the antagonist reactions of these
two alleles.

Analysis of haplotypes and Linkage disequilibrium of two genes (MAMP1 and
MMP3) has not shown any significant results. Despite the lack of significant re-
sults about these parameters, probably due to the small size of the study popula-
tion, this study gives the first doubt (data) in our community about the involve-

ment of these genes and their polymorphism in the acquisition of EH.

5. Conclusion

The current study documented that EH is linked to biochemical parameters such
as SBP, DBP, Glucose, HDL-c, LDL-c, Total cholesterol, BMI, and the genes
MMP1 and MMP3 polymorphisms as 1G1G and 5A5A genotypes. Our results sug-
gest that polymorphisms of the A/AZP1 and MAMP3 genes may be linked with EH,
and therefore, they can be considered as a potential marker of cardiovascular dis-
eases. These findings need to be investigated in larger populations to better clarify
this association, and further investigations are needed to explain the potential role
of MMP1 and MMUP3 in EH and cardiovascular diseases in the West African com-

munity.

Author Contribution Statement

This study was conceived and designed by Jacques SIMPORE, Florencia Wend-
kuuni DJIGMA, and Koudougou Jonas KOLOGO. Experiments performed, re-
sults analysis, and manuscript writing were done by Prosper BADO, Jean Marie
KABORE, Herman Karim SOMBIE, and Lassina TRAORE. All authors have read

and verified the underlying data and approved the final manuscript.

Acknowledgements

We would like to thank LABIOGENE and CERBA for the experiment platform
availability, the Hopital Saint Camille de Ouagadougou, Centre médical Schiphra,
and Centre médical du Camp Sangoulé Lamizana for facilitating sampling, and
UNESCO chair in “Génie génétique et Biologie Moléculaire” for the technical sup-
port.

DOI: 10.4236/jbm.2025.135013

164 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.135013

P. Bado et al.

Conflicts of Interest

The authors state no conflict of interest.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

World Health Organization (2012) World Health Statistics 2012. World Health Or-
ganization. https://iris.who.int/handle/10665/44857

World Health Organization (2023) Global Report on Hypertension: The Race against
a Silent Killer. https://www.who.int/publications/i/item/9789240081062

Mills, K.T., Bundy, ].D., Kelly, T.N., Reed, J.E., Kearney, P.M., Reynolds, K., et al
(2016) Global Disparities of Hypertension Prevalence and Control: A Systematic
Analysis of Population-Based Studies From 90 Countries. Circulation, 134, 441-450.
https://doi.org/10.1161/circulationaha.115.018912

Mills, K.T., Stefanescu, A. and He, J. (2020) The Global Epidemiology of Hyperten-
sion. Nature Reviews Nephrology, 16, 223-237.
https://doi.org/10.1038/s41581-019-0244-2

Hendriks, M.E., Wit, E.W.N.M., Roos, M.T.L., Brewster, L.M., Akande, T.M., de Beer,
LH.,, et al (2012) Hypertension in Sub-Saharan Africa: Cross-Sectional Surveys in
Four Rural and Urban Communities. PLOS ONE, 7, ¢32638.
https://doi.org/10.1371/journal.pone.0032638

Soubeiga, J.K., Millogo, T., Bicaba, B.W., Doulougou, B. and Kouanda, S. (2017) Prev-
alence and Factors Associated with Hypertension in Burkina Faso: A Countrywide
Cross-Sectional Study. BMC Public Health, 17, Article No. 64.
https://doi.org/10.1186/s12889-016-3926-8

Ali, M.A.M., Cho, W.]., Hudson, B., Kassiri, Z., Granzier, H. and Schulz, R. (2010)
Titin Is a Target of Matrix Metalloproteinase-2: Implications in Myocardial Ische-
mia/Reperfusion Injury. Circulation, 122, 2039-2047.
https://doi.org/10.1161/circulationaha.109.930222

Nagase, H., Visse, R. and Murphy, G. (2006) Structure and Function of Matrix Met-
alloproteinases and TIMPs. Cardiovascular Research, 69, 562-573.
https://doi.org/10.1016/j.cardiores.2005.12.002

Djuric, T., Kuveljic, J., Djordjevic, A., Dekleva, M., Stankovic, G., Stankovic, A., et al.
(2022) Association of MMP1 and MMP3 Haplotypes with Myocardial Infarction and
Echocardiographic Parameters of the Left Ventricle. Molecular Genetics & Genomic
Medicine, 10, €2022. https://doi.org/10.1002/mgg3.2022

Huang, R., Deng, L., Shen, A, Liu, J., Ren, H. and Xu, D. (2013) Associations of
MMP1I, 3, 9 and TIMP3 Genes Polymorphism with Isolated Systolic Hypertension in
Chinese Han Population. International Journal of Medical Sciences, 10, 840-847.
https://doi.org/10.7150/ijms.5728

Rutter, J.L. et al (1998) A Single Nucleotide Polymorphism in the Matrix Metallo-
proteinase-1 Promoter Creates an ETS Binding Site and Augments Transcription.
Cancer Research, 58, 5321-5325.

de Almeida Belo, V., Parente, ].M., Tanus-Santos, J.E. and Castro, M.M. (2016) Ma-
trix Metalloproteinase (MMP)-2 Decreases Calponin-1 Levels and Contributes to Ar-
terial Remodeling in Early Hypertension. Biochemical Pharmacology, 118, 50-58.
https://doi.org/10.1016/j.bcp.2016.08.012

Sirugo, G., Hennig, B.J., Adeyemo, A.A., Matimba, A., Newport, M.J., Ibrahim, M.E,,
et al. (2008) Genetic Studies of African Populations: An Overview on Disease Suscep-
tibility and Response to Vaccines and Therapeutics. Human Genetics, 123, 557-598.

DOI: 10.4236/jbm.2025.135013

165 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.135013
https://iris.who.int/handle/10665/44857
https://www.who.int/publications/i/item/9789240081062
https://doi.org/10.1161/circulationaha.115.018912
https://doi.org/10.1038/s41581-019-0244-2
https://doi.org/10.1371/journal.pone.0032638
https://doi.org/10.1186/s12889-016-3926-8
https://doi.org/10.1161/circulationaha.109.930222
https://doi.org/10.1016/j.cardiores.2005.12.002
https://doi.org/10.1002/mgg3.2022
https://doi.org/10.7150/ijms.5728
https://doi.org/10.1016/j.bcp.2016.08.012

P. Bado et al.

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

https://doi.org/10.1007/s00439-008-0511-y

Miller, S.A., Dykes, D.D. and Polesky, H.F. (1988) A Simple Salting Out Procedure
for Extracting DNA from Human Nucleated Cells. Nucleic Acids Research, 16, 1215-
1215. https://doi.org/10.1093/nar/16.3.1215

Morosova, E.B., Chukhlovin, A.B., Kulagina, N.V., Kipich, N.V. and Totolian, A.A.
(2012) Functional Gene Polymorphism of Matrix Metalloproteinase-1 Is Associated
with Benign Hyperplasia of Myo- and Endometrium in the Russian Population. Ge-
netic Testing and Molecular Biomarkers, 16, 1032-1037.
https://doi.org/10.1089/gtmb.2011.0376

Yamada, Y., Matsui, K., Takeuchi, I., Oguri, M. and Fujimaki, T. (2015) Association
of Genetic Variants with Hypertension in a Longitudinal Population-Based Genetic
Epidemiological Study. International Journal of Molecular Medicine, 35, 1189-1198.
https://doi.org/10.3892/ijmm.2015.2151

Wang, X., Xu, X,, Su, S. and Snieder, H. (2015) Familial Aggregation and Childhood
Blood Pressure. Current Hypertension Reports, 17, Article No. 509.
https://doi.org/10.1007/s11906-014-0509-x

Levine, R.S., Hennekens, C.H., Perry, A., Cassady, J., Gelband, H. and Jesse, M.]J.
(1982) Genetic Variance of Blood Pressure Levels in Infant Twins. American Journal
of Epidemiology, 116, 759-764. https://doi.org/10.1093/oxfordjournals.aje.al 13465
Lifton, R.P. (1996) Molecular Genetics of Human Blood Pressure Variation. Science,
272, 676-680. https://doi.org/10.1126/science.272.5262.676

Souslova, V., Townsend, P.A., Mann, J., van der Loos, C.M., Motterle, A., D’ Acquisto,
F., et al (2010) Allele-Specific Regulation of Matrix Metalloproteinase-3 Gene by
Transcription Factor NFkB. PLOS ONE, 5, €9902.
https://doi.org/10.1371/journal.pone.0009902

Sakowicz, A., Lisowska, M., Biesiada, L., Rybak-Krzyszkowska, M., Gach, A., Sa-
kowicz, B., et al. (2018) Association of Maternal and Fetal Single-Nucleotide Poly-
morphisms in Metalloproteinase (MMP1, MMP2, MMP3, and MMP9) Genes with
Preeclampsia. Disease Markers, 2018, Article 1371425.
https://doi.org/10.1155/2018/1371425

Qintao, C., Yan, L., Changhong, D., Xiaoliang, G. and Xiaochen, L. (2014) Genetic
Polymorphism of Matrix Metalloproteinase-1 and Coronary Artery Disease Suscep-
tibility: A Case-Control Study in a Han Chinese Population. Genetic Testing and Mo-
lecular Biomarkers, 18, 826-831. https://doi.org/10.1089/gtmb.2014.0222

Saratzis, A., Bown, M.J., Wild, B., Nightingale, P., Smith, J., Johnson, C., et al (2015)
Association between Seven Single Nucleotide Polymorphisms Involved in Inflamma-
tion and Proteolysis and Abdominal Aortic Aneurysm. Journal of Vascular Surgery,
61, 1120-1128.E1. https://doi.org/10.1016/].jvs.2013.11.099

Institut National de la Statistique et de la Démographie (2022) Cinquiéme recense-

ment général de la population et de 'habitation du burkina faso. Institut National de
la Statistique et de la Démographie.
https://www.insd.bf/fr/file-download/download/public/2073

Tchelougou, D., Kologo, J.K., Karou, $.D., Yaméogo, V.N,, Bisseye, C., Djigma, F.W.,
et al. (2015) Renin-Angiotensin System Genes Polymorphisms and Essential Hyper-
tension in Burkina Faso, West Africa. International Journal of Hpypertension, 2015,
Article 979631. https://doi.org/10.1155/2015/979631

Kaess, B.M., Rong, J., Larson, M.G., Hamburg, N.M., Vita, J.A., Levy, D., et al. (2012)
Aortic Stiffness, Blood Pressure Progression, and Incident Hypertension. JAMA, 308,

DOI: 10.4236/jbm.2025.135013

166 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.135013
https://doi.org/10.1007/s00439-008-0511-y
https://doi.org/10.1093/nar/16.3.1215
https://doi.org/10.1089/gtmb.2011.0376
https://doi.org/10.3892/ijmm.2015.2151
https://doi.org/10.1007/s11906-014-0509-x
https://doi.org/10.1093/oxfordjournals.aje.a113465
https://doi.org/10.1126/science.272.5262.676
https://doi.org/10.1371/journal.pone.0009902
https://doi.org/10.1155/2018/1371425
https://doi.org/10.1089/gtmb.2014.0222
https://doi.org/10.1016/j.jvs.2013.11.099
https://www.insd.bf/fr/file-download/download/public/2073
https://doi.org/10.1155/2015/979631

P. Bado et al.

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

Article 875. https://doi.org/10.1001/2012.jama.10503
Kim, H. and Kim, S. (2019) Pulse Wave Velocity in Atherosclerosis. Frontiers in Car-
diovascular Medicine, 6, Article 41. https://doi.org/10.3389/fcvim.2019.00041

Renna, N.F., de las Heras, N. and Miatello, R.M. (2013) Pathophysiology of Vascular
Remodeling in Hypertension. International Journal of Hypertension, 2013, Article
808353. https://doi.org/10.1155/2013/808353

Takase, H., Dohi, Y., Toriyama, T., Okado, T., Tanaka, S., Sonoda, H., et al (2011)
Brachial-Ankle Pulse Wave Velocity Predicts Increase in Blood Pressure and Onset

of Hypertension. American Journal of Hypertension, 24, 667-673.
https://doi.org/10.1038/ajh.2011.19

Geronooz, I. and Krzesinski, J.M. (2000) Obesity and Hypertension: From Physio-
pathology to Treatment. Revue Médicale de Liége, 55, 921-928.

Murthy, G.V.S,, Fox, S., Sivasubramaniam, S., Gilbert, C.E., Mahdi, A.M., Imam,
AU, etal (2013) Prevalence and Risk Factors for Hypertension and Association with
Ethnicity in Nigeria: Results from a National Survey: Cardiovascular Topics. Cardio-
vascular Journal of Africa, 24, 344-350. https://doi.org/10.5830/cvja-2013-058

Doulougou, B., Kouanda, S., Rossier, C., Soura, A. and Zunzunegui, M.V. (2014) Dif-
ferences in Hypertension between Informal and Formal Areas of Ouagadougou, a
Sub-Saharan African City. BMC Public Health, 14, Article No. 893.
https://doi.org/10.1186/1471-2458-14-893

Ahn, S. and Gupta, C. (2018) Genetic Programming of Hypertension. Frontiers in
Pediatrics, 5, Article 285. https://doi.org/10.3389/fped.2017.00285

Munroe, P.B., Barnes, M.R. and Caulfield, M.]. (2013) Advances in Blood Pressure
Genomics. Circulation Research, 112, 1365-1379.
https://doi.org/10.1161/circresaha.112.300387

Yayehd, K., Damorou, F., Akakpo, R., Tchérou, T., N'Da, N.W., Pessinaba, S., et al
(2013) Prévalence de ’hypertension artérielle et description de ses facteurs de risque
a Lomé (Togo): Résultats d’un dépistage réalisé dans la population générale en mai
2011. Annales de Cardiologie et d Angéiologie, 62, 43-50.
https://doi.org/10.1016/j.ancard.2012.09.006

Chen, J,, Li, R, Geng, T., Wang, Y., Lu, Q., Tu, Z,, et al (2023) Differences in HDL-
Related Mortality Risk between Individuals with and without Hypertension: A Pro-
spective Cohort Study in UK Biobank. European Journal of Preventive Cardiology,
30, 951-959.

https://doi.org/10.1093/eurjpc/zwad053

von Eckardstein, A., Nordestgaard, B.G., Remaley, A.T. and Catapano, A.L. (2023)
High-Density Lipoprotein Revisited: Biological Functions and Clinical Relevance.
European Heart Journal, 44, 1394-1407. https://doi.org/10.1093/eurheartj/ehac605

Cheng, Y., Kao, W.L., Mitchell, B.D., O’Connell, ].R., Shen, H., McArdle, P.F,, et al.
(2009) Genome-Wide Association Scan Identifies Variants near Matrix Metallopro-

teinase (MMP) Genes on Chromosome 11q21-22 Strongly Associated with Serum
MMP-1 Levels. Circulation: Cardiovascular Genetics, 2, 329-337.

https://doi.org/10.1161/circgenetics.108.834986

Bisogni, V., Cerasari, A., Pucci, G. and Vaudo, G. (2020) Matrix Metalloproteinases
and Hypertension-Mediated Organ Damage: Current Insights. Integrated Blood

Pressure Control, 13, 157-169. https://doi.org/10.2147/ibpc.s223341

de Jaeger, C. and Cherin, P. (2012) Matrice extracellulaire, physiologie et vieillisse-
ment vasculaire. Médecine & Longévité, 4, 41-53.

DOI: 10.4236/jbm.2025.135013

167 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.135013
https://doi.org/10.1001/2012.jama.10503
https://doi.org/10.3389/fcvm.2019.00041
https://doi.org/10.1155/2013/808353
https://doi.org/10.1038/ajh.2011.19
https://doi.org/10.5830/cvja-2013-058
https://doi.org/10.1186/1471-2458-14-893
https://doi.org/10.3389/fped.2017.00285
https://doi.org/10.1161/circresaha.112.300387
https://doi.org/10.1016/j.ancard.2012.09.006
https://doi.org/10.1093/eurjpc/zwad053
https://doi.org/10.1093/eurheartj/ehac605
https://doi.org/10.1161/circgenetics.108.834986
https://doi.org/10.2147/ibpc.s223341

P. Bado et al.

https://doi.org/10.1016/j.mlong.2012.02.002

[41] Letra, A., Zhao, M,, Silva, R M., Vieira, A.R. and Hecht, J.T. (2014) Functional Sig-
nificance of MMP3 and TIMP2Polymorphisms in Cleft Lip/Palate. Journal of Dental

Research, 93, 651-656. https://doi.org/10.1177/0022034514534444

DOI: 10.4236/jbm.2025.135013 168 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.135013
https://doi.org/10.1016/j.mlong.2012.02.002
https://doi.org/10.1177/0022034514534444

	Essential Hypertension and Risk Factors: Evaluation of Biochemical Parameters and Polymorphism of the MMP1 and MMP3 Genes
	Abstract
	Keywords
	1. Introduction
	2. Methodology
	2.1. Study Setting
	2.2. Study Population
	2.3. Biological Material and Data Collection
	2.4. Clinical, Anthropometric, and Biochemical Data
	2.5. Characterization of MMP1 and MMP3 Genes Polymorphism
	2.6. Statistical Analysis
	2.7. Ethical Approval and Informed Consent

	3. Results
	3.1. Sociodemographic Features of Study Population
	3.2. Genetic Feature: Genotypic and Allelic

	4. Discussion
	5. Conclusion
	Author Contribution Statement
	Acknowledgements
	Conflicts of Interest
	References

