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Abstract: Background: Type 2 diabetes (T2DM) is a metabolic disease characterized by chronic hyperglycemia.
We investigated the relationship between the polymorphisms rs5219 of KCNJ11, rs7903146 of TCF7L2, and
rs13266634 of SLC30AS8 in a Gabonese population with T2DM. Method: This case-control study was conducted at
the Endocrinology Department of the University Hospital of Libreville. We enrolled 97 patients with T2DM and, from
the general population, 87 control subjects who met the inclusion criteria. Genomic DNA was extracted with the Qia-
gen kit, and polymorphisms were analyzed using the RFLP method. Results: For KCNJ11, the wild type (EE) genotype
frequency was 62.2% in controls versus 42.6% in cases, whereas the mutant type (KK) genotype frequency was
28.7% in cases versus 21.1% in controls (P=0.0243). For TCF7L2, the wild type (CC) genotype was found in 51.7%
of controls and 37.1% of cases, and the mutant type (TT) genotype was found in 22.7% of cases versus 9.2% of
controls (P=0.0253). For SLC30AS8, the wild type (CC) genotype occurred in 26.0% of cases and 24.6% of controls
(P=0.9326). After adjustment for age and body mass index, the recessive transmission models of rs5219 (KCNJ11)
and rs7903146 (TCF7L2) were significantly associated with T2DM (P=0.021 and P=0.026, respectively). Conclu-
sion: The rs5219 variant of KCNJ11 and the rs7903146 variant of TCF7L2 were associated with the occurrence of
T2DM in this population.
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Introduction

Type 2 diabetes (T2DM) is a metabolic disease
characterized by chronic hyperglycemia caused
by impaired insulin secretion by pancreatic
B-cells and insufficient responses of insulin-
sensitive tissues to insulin [1]. T2DM is a major
global health threat with substantial social and
economic burden. In 2024, 589 million people
aged 20-79 years were reported to have diabe-
tes worldwide, representing a prevalence of
11.1%, compared with 537 million in 2021 [2,
3]. By 2050, this chronic disease is projected to
be the second leading cause of death world-
wide and one of the major global health emer-
gencies of the 21st century, with a mortality
rate of 9.3% [2]. The primary manifestations of
complications associated with type 2 are sev-
eral, such as kidney disease, retinopathy, neu-
ropathy, peripheral artery disease and foot
ulceration. Diabetes-related mortality is largely

due to severe cardiovascular complications
such as myocardial infarction and cerebrovas-
cular accidents [2]. The increasing burden re-
flects the complexity of T2DM, which arises
from interactions among genetic, environmen-
tal, and lifestyle factors [4]. Consequently, eluci-
dating the genetic architecture of T2DM is of
great interest for risk prediction and preventive
interventions [5].

Genetics are linked to T2DM. Individuals with
family history with first degree diabetics type 2
face 2 or 3 times greater risk to T2DM [5]. There
is compelling evidence that genetic suscepti-
bility to the disease is polygenic, and genome-
wide association studies have identified over
400 loci associated with T2DM risk. Indeed,
several T2DM genome wide association studies
have shown the complex polygenic nature of
T2DM in which most of these loci increase
T2DM risk through reducing insulin action [6].
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Numerous susceptibility loci for T2DM have
been identified, largely through genome-wide
association studies, predominantly in popula-
tions of European ancestry [6]. Among the im-
plicated genes, those involved in insulin secre-
tion or signaling are particularly important, in-
cluding KCNJ11 (Potassium inwardly-rectifying
channel, subfamily J, member 11), TCF7L2
(Transcription factor 7-Like 2), and SLC30A8
(Solute carrier family 30 member 8). The ade-
nosine triphosphate (ATP)-sensitive potassium
channel (KATP) plays a key role in insulin secre-
tion by glucose-stimulated pancreatic B-cells
[7]. The KCNJ11 gene, located at 11p15.1, en-
codes the KATP subunit Kir6.2, which is highly
expressed in the pancreas and is critical for
insulin secretion [7, 8]. Several single nucleo-
tide polymorphisms (SNPs) in KCNJ11 have
been identified, including rs5219, which has
been associated with diabetes. The rs5219
polymorphism reflects a guanine-to-adenine
substitution at codon 23, resulting in a glutam-
ic acid (E) to lysine (K) change that can impair
glucose-induced insulin secretion [7, 8]. This
alteration reduces the potassium channel’s
sensitivity to ATP, leading to channel hypera-
ctivity and inhibition of insulin secretion [7].
KCNJ11 thereby links the membrane potential
of pancreatic B-cells to glucose metabolism [7].

Another gene with a strong effect on T2DM risk
is TCF7L2, particularly the SNP rs7903146.
TCF7L2 is located on chromosome 10025.2-
25.3 (also known as the TCF4 locus), spans
215.9 Kb, and contains 17 exons encoding a
596-amino acid protein [9, 10]. TCF7L2 en-
codes a transcription factor of the T cell factor
family that is expressed in numerous tissues,
including liver, adipose, and pancreatic tissue
[11, 12]. It is a key transcriptional effector of
the Wnt/B-catenin signaling pathway, which is
involved in cell proliferation [13], and function-
ally interacts with the insulin signaling pathway
through shared targets such as insulin receptor
substrate IRS1, thereby activating insulin sig-
naling [4, 9, 14]. TCF7L2 regulates not only pro-
insulin synthesis, but also the conversion of
proinsulin to insulin [10].

Zinc has shown potential to improve glucose
metabolism [15]; thus, alterations in zinc home-
ostasis can affect glucose control. SLC30AS,
located on chromosome 8g24.11, encodes the
zinc transporter ZnT8. This 369-amino acid pro-
tein has six transmembrane domains with histi-

dine-rich regions between domains IV and V
[16, 17]. It is predominantly expressed in pan-
creatic B-cells, which contain the majority of
cellular zinc. ZnT8 transports zinc into the lu-
men of insulin-containing vesicles, in exchange
for a proton via an ATPase pump; within these
vesicles, Zn?* is chelated by insulin hexamers
to facilitate storage [18]. The most commonly
studied SLC30A8 SNP is rs13266634 (C/T),
which reflects substitution of arginine (allele C)
at position 325 with tryptophan (allele T) in the
carboxy-terminal domain [18-20]. This variant
has been proposed to alter the kinetics of zinc
transport in insulin granules [19]. In Gabon, the
prevalence of T2DM reported in 2024 was
7.5%, with annual increases similar to global
trends [2]. Studying polymorphisms in genes
associated with T2DM may therefore aid in
identifying tools for the treatment or prevention
of T2DM. This led us to investigate the relation-
ships between rs5219 in KCNJ11, rs7903146
in TCF7L2, and rs13266634 in SLC30A8 and
T2DM in a Gabonese population.

Materials and methods

This case-control study was conducted from
May 27, 2019, to November 15, 2022, at the
Endocrinology Department of the University
Hospital of Libreville, the Biochemistry Labo-
ratory of the University of Health Sciences (Li-
breville), and the Molecular Biology Laboratory
of the Research Institute of Health Sciences
(Bobo-Dioulasso). The study adhered to the
principles of the Declaration of Helsinki and
was approved by the National Ethics Commit-
tee of Gabon (PROT N°015/2018/PR/CNE). All
blood samples and sociodemographic data
were collected after written informed consent
was obtained. At CHUL, we enrolled 97 T2DM
cases and 87 controls from the general popula-
tion who met the inclusion criteria.

Study population

Case’s inclusion criteria: Participants in this
study were individuals recruited from the En-
docrinology Department who were undergoing
treatment for diabetes classified as type 2
according to the ADA 2019 criteria [21]. Addi-
tionally, they were fasting and at least 20 years
old, having provided their consent.

Case’s exclusion criteria: Participants were ex-
cluded from the study if they had type 1 diabe-
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tes, as determined through an interview as-
sessing age and insulin dependence. Addi-
tionally, pregnant women, those with gestation-
al diabetes, and individuals with other con-
firmed types of diabetes were not included in
this study.

Control’s inclusion criteria: The control subjects
of the study population were fasting patients
who came to the biochemistry laboratory for
routine check-ups (blood glucose, triglycerides,
total cholesterol, HDLc, LDLc, and transami-
nases ALT and AST). Furthermore, the control
subjects were aged 20 years or older with no
family history of diabetes and consented.

Control’s exclusion criteria: Exclusion criteria
for control subjects were based on systolic
blood pressure, diastolic blood pressure, and
the analysis of blood glucose, CRP, triglycer-
ides, total cholesterol, HDLc, LDLc, transami-
nases ALT/AST, and HIV test. Patients who had
known inflammatory diseases and fasting
blood glucose outside 74.5-110.9 mg/dL were
excluded.

The weight of all patients was measured using
a TEFAL scale, and height with a stadiometer.
Waist circumference was measured with a tape
measure. Body mass index (BMI) was calculat-
ed as: BM/=%. Blood pressure (BP) was
measured with a BEURER monitor after 5 min-
utes of rest on both arms, and the mean value

was recorded.
Biochemical analysis

Blood glucose, triglycerides, total cholesterol,
and creatinine were determined by standard
enzymatic methods at the Biochemistry
Laboratory of USS. HDL cholesterol was
obtained after precipitation of other lipopro-
tein fractions with phosphotungstic acid and
magnesium. LDL cholesterol was calculated
using the Friedewald equation for triglyceride
concentrations <353.9 mg/dL. The triglycer-
ide-glucose index (TyG) was calculated as
6 = o] <[oveemiz] with a threshold of 8.18

[22].

Molecular genotyping

Genotyping was performed at the IRSS Mo-
lecular Biology Laboratory. Genomic DNA was
extracted with the Qiagen kit using the DNeasy
Blood & Tissue protocol from 250 uL of whole
blood and stored at -20°C until PCR. Poly-
morphisms were analyzed by RFLP. KCNJ11

3

was amplified with the primers: forward 5-GA-
CTCTGCAGTGAGGCCCTA-3’ and reverse 5-ACG-
TTGCAGTTGCCTTTCTT-3' [23]. TCF7L2 priemrs
were forward 5-TTAGAGAGCTAAGCACTTTTTA-
GGTA-3' and reverse 5-AGAGATGAAATGTAG-
CAGTGAAGTG-3’ [24]. SLC30A8 primers we-
re forward 5-GGACAGAAAGAGTTCCCATAGCG-
3’ and reverse 5-ATAGCAGCATGTTTGAAGGTG-
GC-3’ [18]. Primer concentrations were 5 uM, 3
uUM, and 4 uM for KCNJ11, TCF7L2, and SLC3-
OA8, respectively. The reaction mixture was
prepared as described in Table 1.

For rs5219 (KCNJ11), PCR cycling conditions
were: initial denaturation at 94°C for 5 min-
utes; 35 cycles of 95°C for 30 seconds, 60°C
for 30 seconds, and 72°C for 30 seconds; final
extension at 72°C for 9 minutes; and hold
at 4°C for 10 minutes [23]. For rs7903146
(TCF7L2), conditions were: initial denaturation
at 94°C for 5 minutes; 36 cycles of 94°C for 30
seconds, 51°C for 30 seconds, and 72°C for 30
seconds; final extension at 72°C for 10 min-
utes; and hold at 4°C for 10 minutes [24]. For
rs13266634 (SLC30A8), conditions were: ini-
tial denaturation at 94°C for 4 minutes; 36
cycles of 94°C for 35 seconds, 55°C for 40
seconds, and 72°C for 30 seconds; final exten-
sion at 72°C for 5 minutes; and hold at 4°C for
10 minutes [18].

Following amplification, PCR product integrity
was checked by loading 1 uL of amplicon on a
2% agarose gel (Figure 1). Amplicons were then
digested with restriction enzymes: Ban |l for
rs5219 (KCNJ11), Rsa | for rs7903146 (TCF7-
L2), and Hpa Il for rs13266634 (SLC30AS8). For
each gene, 10 pL of amplicon was mixed with 1
uL of enzyme, 5 L of 10x buffer, and 34 uL of
water (total volume 50 uL), and incubated for
4 hours at 37°C. Digestion products were re-
solved on 2% or 3% agarose gels in 1x TAE buf-
fer with ethidium bromide and a molecular
weight marker. Electrophoresis was run for 1.5
hours at 300 V/300 mA, and bands were visu-
alized on a 360 nm UV transilluminator.

Statistical analysis

Analyses were performed using IBM SPSS
Statistics, Version 25. Quantitative variables
are presented as mean + standard deviation;
qualitative variables are presented as percent-
ages with 95% confidence intervals (Cl). Group
comparisons for quantitative variables used
ANOVA. The chi-square test was used for quali-
tative variables, along with odds ratios (OR) and
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Table 1. Reaction mixture according to the PCR

Polymorphism

Forward primer Reverse primer Mastermix (1X) DNA  H,O0 DNAfree volume (ul)

Reagents final concentration for PCR mixture Total
rs5219 (KCNJ11) 1 1 4 2 12 20
rs7903146 (TCF7L2) 0.6 0.6 4 2 12.8 20
rs13266634 (SLC30A8) 1 1 5 2 16 25

S
g

95% Cls. Hardy-Weinberg equilibrium was as-
sessed using the x? goodness-of-fit test. Logi-
stic regression models were fitted to assess
associations between polymorphisms and
T2DM occurrence, adjusted for age and BMI.
The aim was to simulate three types of geno-
type transmission models: dominant, reces-
sive, and codominant. This was done to assess
the association between the different polymor-
phisms and the occurrence of type 2 diabetes.
In the dominant model, having KK genotype
was compared to having KE or EE genotypes
of the KCNJ11 gene; having TT genotype was
compared to having CT or TT genotypes for
TCF7L2 gene; and having TT genotype was then
compared to having CC or TT genotypes of the
SLC30A8 gene. In the recessive models, the
comparison was made between having EE gen-
otype and to having the KE or KK genotypes of
KCNJ11; having TT genotype and to having CT
or CC genotypes of TCF7L2 gene, and having TT
genotype against to having CT or CC genotypes
of SLC30A8 gene. Finally, in the codominant
model, having KE genotype was compared to
having KK or EE genotypes; having CT genotype
was compared to having CC or CT genotypes,

Figure 1. PCR products analysis of study popu-
lation. A: M, 100 bp DNA ladder; lane 1-20:
represent 210 bp PCR products of KCNJ11
gene, Lane 21: negative control, Lane 22: pos-
itive control. B: M, 100 bp ladder, Lane 1-22
for 200 bp PCR products of TCF7L2 gene. C:
M, 100 bp ladder, Lane 1-22 for 429 bp PCR
products of SLC30AS8 gene.

and having CT genotypes were compared to
having CC or TT genotypes, respectively, for
KCNJ11, TCF7L2, and SLC30A8 genes. Further-
more, the association between mutant alleles
and the risk of developing type 2 diabetes was
assessed by calculating the odds ratio (OR) for
each gene with a 95% confidence interval (Cl).
The OR is a statistical measure that allows esti-
mation of the association by comparing differ-
ent genotypes of the “patient” and “control”
groups. A protective variant allele results in an
OR between 0 and 1, and if the OR is greater
than 1, the variant allele is predisposing. The
association is considered statistically signifi-
cant when the 95% confidence interval of the
OR does not include the value 1. Two-sided
p-values 0.05 were considered statistically
significant.

Results

Sociodemographic and biological parameters
of the study population

In total, 184 participants were enrolled (97
T2DM cases and 87 controls). Mean age was
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Table 2. Socio-demographic and biological parameters of the study population

Variables Total Cases Controls p

Age (years) 48.4+13.8 56.3+10.3 39.6+11.8 0.0000
BMI (kg/m?2) 27.3+5.7 28.216.3 26.2+4.9 0.0204
SBP (mmHg) 134.4+24.4 142.8+25.1 124.9420.0 0.0000
DBS (mmHg) 84.3118.5 89.2+19.0 78.8+16.3 0.0001
Abdominal perimeter (cm) 93.8+£13.8 96.91+13.8 90.2+13.0 0.0008
Blood glucose (mg/dl) 118.2+65.4 147.3+76.4 85.4+18.2 0.0000
Triglycerides (mg/dl) 70.8+44.2 79.6+26.5 53.1+26.5 0.0002
Total cholesterol (mg/dl) 177.9+46.4 181.7+46.4 170.1+42.5 0.1673
HDL cholesterol (mg/dl) 46.4+15.5 50.3+15.5 42.5+19.3 0.0513
LDL cholesterol (mg/dl) 119.9+50.3 112.1450.3 123.7+46.4 0.1527
Triglyceride index 8.0+0.7 8.4+0.7 7.6+0.4 0.0000

Figure 2. Digestion products for RFLP analysis of
study population. A: Digestion products for KCNJ11-
rs5219 by Banll enzyme with 2% agarose gel. Lane
M: 100 bp ladder, Lane (1): homozygote EE (wild
type), Lane (2-6, 9, 10): heterozygote EK (wild/
mutant type), Lane (7, 8): homozygote KK (mutant
type). B: Digestion products for TCF7L2-rs7903146
by RSAI enzyme with 3% of electrophoresis gel. Lane
(1,2,7,9, 10,11,12,16, 18): heterozygote CT (wild/
mutant type); Lane (3,4,5,6,8,13,14): homozygote
CC (wild type); lane 15: homozygote TT (mutant type);
lane 17: negative control. C: Digestion products for
rs13266634- SLC30A8 gene by Hpall enzyme with
3% of electrophoresis gel. Lane M: 100 bp ladder;
Lane (1): homozygote CC (wild type); Lane (2, 3,
5-21): heterozygote CT (wild type/mutant type); lane
(4, 22-24): homozygote TT (mutant type).

48.4+13.8 years overall, 56.3+10.3 years in
cases, and 39.6+11.8 years in controls (P<
0.001). Body mass index (BMI) averaged
27.3+5.7 kg/m? overall; it was 28.2+6.3 kg/m?
in T2DM cases versus 26.2+4.9 kg/m? in con-
trols (P=0.0204). Triglycerides averaged 70.8+
44.2 mg/dL in the total population; among
T2DM cases the concentration was 79.6+26.5
mg/dL versus 53.1+26.5 mg/dL in controls
(P=0.0002) (Table 2).

Distribution of genotypes and alleles of the
KCNJ11 gene

Digestion of rs5219 (KCNJ11) with Ban Il yield-
ed a wild-type EE band at 150 bp, a heterozy-
gous EK pattern with bands at 150 and 210 bp,
and a mutanttype KK band at 210 bp; frag-
ments <50 bp were not visualized (Figure 2A).
The EE genotype frequency was 62.2% in con-
trols versus 42.6% in T2DM cases, whereas the
KK genotype frequency was 28.7% in cases
versus 21.1% in controls (P=0.0243). At the
allele level, the E allele frequency was 56.9% in
cases versus 76.6% in controls (P=0.0023)
(Table 3).

Distribution of genotypes and alleles of the
TCF7L2 gene

After digestion of rs7903146 (TCF7L2) with
Rsa |, three patterns were observed: wild type
(CC) at 175 bp, heterozygous (CT) at 175 and
200 bp, and mutant type (TT) at 200 bp (Figure
2B). The CC genotype was present in 51.7% of
controls and 37.1% of cases; the TT genotype
was found in 22.7% of cases versus 9.2% of
controls (P=0.0253). Among T2DM cases, the T
allele predominated (42.8%), whereas the C
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T2DM (P=0.021 and P=0.026,
respectively) (Table 4).

controls . .
Total Cases Controls p Discussion

KCNJ11 The genetic profiles of the
Genotypes 0.0243 rs5219 polymorphism of the
EE 96 (52.2) 40 (42.6) 56 (62.2) KCNJ11 gene were determin-
EK 42 (22.8) 27 (28.7) 15 (16.7) ed. The genotype distribution
KK 46 (25.0) 27 (28.7) 19 (21.1) conformed to Hardy-Weinberg
Alleles 0.0023 equilibrium, and analysis show-
E 234 (63.6) 107 (56.9) 127 (70.6) ed that the homozygous mu-
K 134 (36.4)  81(431)  53(29.4) tant (KK) and heterozygous
TCF7L2 (EK) genotypes were signifi-
Genotypes 0.0253 cf’antly mo.re frequent in indi-
cc 81 (44.0) 36(37.1) 45 (51.7) V|dua.ls with T2DM, whereas
CcT 73(39.7) 39 (40.2) 34 (39.0) the V\.’”d'type. (EE) genotype pre-
dominated in controls. Thus,
m 30(16.3)  22(22.7) the K allele and the KK and
Alleles 0.0443 EK genotypes were associated
c 235(63.9)  111(57.2)  124(71.3) with the occurrence of T2DM in
T 133 (36.1) 83 (42.8) 50 (28.7) this Gabonese population. Si-
SCLC30A8 milar findings have been re-
Genotypes 0.9326 ported by several authors, in-
CC 34 (25.3) 19 (26.0) 15 (24.6) cluding Al-Khalayfa et al. in a
cT 69 (51.5) 38 (52.0) 31(50.8) Jordanian population (2023)
T 31(23.1) 16 (22.0) 15 (24.6) and Houshman et al. in a Ku-
Alleles 0.4350 waiti population (2020) [25,
c 137 (51.1)  76(52.1)  61(50.4) 26]. Moreover, a 2022 meta-
T 131 (51.1) 70 (47.9) 61 (50.0) analysis by Yaxuan et al. en-

allele predominated in controls (71.3%; P=
0.0443), with an OR of 0.6 (95% CI, 0.2-1.0)
(Table 3).

Distribution of genotypes and alleles of the
SLC30AS8 gene

For rs13266634 (SLC30A8), digestion with
Hpa 1l yielded the following patterns: wild type
(CC) at 200 and 229 bp, heterozygous (CT) at
429, 200, and 229 bp, and mutant type (TT) at
429 bp (Figure 2C). The CC genotype frequency
was 26.0% in cases and 24.6% in controls
(P=0.9326). The C allele frequency was 52.1%
in cases versus 50.0% in controls (P=0.4350)
(Table 3).

Association by genetic transmission models

After adjustment for age and BMI, recessive
models for rs5219 (KCNJ11) and rs7903146
(TCF7L2) were significantly associated with

compassing 31 studies further
supported the association be-
tween the E23K polymorphism of KCNJ11 and
T2DM [27]. By contrast, a few studies reported
no association [28]. Discrepancies may reflect
the multifactorial nature of T2DM, in which
genetic effects are modified by environmental
and lifestyle factors, or differences in study
design, ancestry, and sample size. The link
between hyperglycemia in T2DM and the K
allele can be explained by mutation-induced
reduction in the ATP sensitivity of the K* chan-
nel, which decreases insulin secretion and
thereby promotes elevated blood glucose
levels.

The intronic polymorphism rs7903146 (C/T)
in intron 3 of TCF7L2 is among the strongest
genetic risk factors for T2DM and has been
widely implicated in the disease [29]. In our
study, the CC genotype was more common in
controls, whereas the CT and TT genotypes
were significantly more frequent in T2DM cas-
es. This pattern is consistent with a recessive
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Table 4. Association between polymorphisms rs5219 (KCNJ11), rs7903146 (TCF7L2) and
rs13266634 (SLC30A8), according to genetic transmission models

Genotypes/alleles Cases n (%) Controls n (%) OR [95% Cl] p
KCNJ11 rs5219
Recessive model 0.384 [0.171-0.865] 0.021
EE 38 (42.7) 51 (57.3)
KE+KK 53 (63.1) 31 (36.9)
Dominant model 1.933[0.763-4.897] 0.165
KK 27 (62.8) 16 (37.2)
KE+EE 64 (49.2) 66 (50.8)
Co-dominant model 1.824 [0.730-4.556] 0.198
KE 26 (63.4) 15 (36.6)
KK+EE 65 (49.2) 67 (50.8)
TCF7L2 rs7903146
Recessive model 3.460[1.161-10.308] 0.026
1T 22 (73.3) 8 (26.7)
CT+CC 75 (48.7) 79 (51.3)
Dominant model 0.742[0.344-1.601] 0.447
cC 36 (44.4) 45 (55.6)
CT+TT 61 (59.2) 42 (40.8)
Co-dominant model 0.684 [0.316-1.481] 0.336
CT 39 (53.4) 34 (46.6)
CC+TT 58 (52.3) 53 (47.7)
SLC30A8 rs13266634
Recessive model 0.757 [0.244-2.350] 0.630
1T 16 (51.6) 15 (48.4)
CT+CC 54 (59.3) 37 (40.7)
Dominant model 0.625 [0.202-1.934] 0.414
cc 19 (63.3) 11 (36.7)
CT+TT 51 (55.4) 41 (44.6)
Co-dominant model 1.000 [0.488-2.050] 1.000
CT 35 (57.4) 26 (42.6)
CC+TT 35 (57.4) 26 (42.6)

inheritance model even after adjustment for
age and BMI, indicating that the T allele is a risk
factor for T2DM in this population. Comparable
associations between rs7903146 and T2DM
have been reported in India [6], Morocco [30],
and across Asian cohorts [31]. Mechanistically,
TCF7L2 variation has been linked to impaired
exocytosis of insulin granules and reduced glu-
cose tolerance [30]. Nonetheless, genotype
and allele distributions vary across popula-
tions. The prevalence of the TT genotype has
been reported as low as 5.7% in Iraqg and 7% in
parts of Asia, whereas in Morocco (24.0%) it is
similar to our finding. Other studies, such as
Farag (Egypt, 2024), did not detect an associa-
tion between the T allele of rs7903146 and
T2DM [32].

For SLC30AS, the rs13266634 (C/T) variant -
proposed to alter zinc transport kinetics in insu-
lin granules [20] - showed no significant differ-
ences in genotype or allele frequencies be-
tween T2DM cases and controls in our data,
indicating no association with T2DM in this
Gabonese cohort. This observation aligns with
results from Abu-Khadra et al. (Jordan, 2025)
[33]. However, discordant findings have been
reported elsewhere, including Iran (Yazdi et al.,
2020), Jordan (Mashal et al., 2020), and India
(Goyal et al., 2022) [18, 34, 35]. For example,
Mashal et al. reported a CC genotype frequency
of 52.8%, whereas Yazdi et al. reported 9.88%.
Such variability likely reflects population-specif-
ic genetic backgrounds and environmental
exposures, as well as differences in sampling
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frames and analytic approaches. Our sample
size (n=184) may limit statistical power relative
to larger studies, a challenge noted in work
from Central Africa. Nevertheless, to our knowl-
edge, this is the first study to examine these
genetic factors in relation to T2DM in Gabon.

The principal limitation of this study is the mod-
est sample size. Larger studies, ideally with rep-
lication cohorts and sequencing, will be neces-
sary to confirm the associations observed and
to identify additional variants relevant to T2DM
risk in this population.

Conclusion

Two polymorphisms were associated with the
occurrence of T2DM in this population: rs5219
in KCNJ11 and rs7903146 in TCF7L2. By con-
trast, rs13266634 in SLC30A8 was not asso-
ciated with the disease. Future work should
include larger samples and extend genotyping
to additional loci involved in diabetes and glu-
cose metabolism.

Acknowledgements

We acknowledge patients with T2DM from En-
docrinology Department of University Hospital
of Libreville to participate.

Disclosure of conflict of interest
None.

Address correspondence to: Aude S Mbang
Bengone, Department of Chemistry-Biochemistry,
Faculty of Medicine, University of Health Science
Libreville, BP 4009, Libreville, Gabon. Tel: +241-77-
62-27-34; ORCID: 0000-0003-4169-5737; E-mail:
haudess@yahoo.fr

References

[1] Galicia-Garcia U, Benito-Vicente A, Jebari S,
Larrea-Sebal A, Siddiqi H, Uribe KB, Ostolaza H
and Martin C. Pathophysiology of type 2 diabe-
tes mellitus. Int J Mol Sci 2020; 21: 6275.

[2] Duncan BB, Magliano DJ and Boyko EJ. IDF di-
abetes atlas 11th edition 2025: global preva-
lence and projections for 2050. Nephrol Dial
Transplant 2025; 41: 7-9.

[3] Magliano DJ, Boyko EJ and Atlas ID. Global pic-
ture. IDF DIABETES ATLAS 10th edition: Inter-
national Diabetes Federation; 2021.

[4] Kumar S, Prakash P, Kumari R and Kumar N.
Genetic association of transcription factor

(5]

(6]

(7]

(11]

[12]

(13]

(14]

(15]

7-Like-2 rs7903146 polymorphism with type 2
diabetes mellitus. Cureus 2024; 16: e52709.
Sami A, Javed A, Ozsahin DU, Ozsahin |, Mu-
hammad K and Waheed Y. Genetics of diabe-
tes and its complications: a comprehensive
review. Diabetol Metab Synd 2025; 17: 185.
Phu S, Thida A, Maung KK and Chit TT. Single
nucleotide polymorphism at rs7903146 of
transcription factor 7-like 2 gene among sub-
jects with type 2 diabetes mellitus in Myanmar.
J ASEAN Fed Endocr Soc 2021; 38: 41-47.
Buraczynska M, Boczkowska S and Zaluska W.
Association of KCNJ11 E23K/rs5219 Gene
Polymorphism with Type 2 Diabetes and Diabe-
tes-Related Cardiovascular Disease. Diabetes
Metab Syndr Obes 2025: 18: 653-61.

Tran NQ, Truong SD, Ma PT, Hoang CK, Le BH,
Dinh TTN, Van Tran L, Tran TV, Le LHG, Le KT,
Nguyen HT, Vu HA, Mai TP and Do MD. Associa-
tion of KCNJ11 and ABCCS8 single-nucleotide
polymorphisms with type 2 diabetes mellitus in
a Kinh Viethamese population. Medicine (Bal-
timore) 2022; 101: e31653.

Lu YC, Yu TH, Hsuan CF, Hsu CC, Hung
WC, Wang CP, Tang WH, Cheng MC, Chung FM,
Lee YJ and Lee TL. Association of TCF7L2
rs7903146 (C/T) Polymorphism with type 2
diabetes mellitus in a Chinese population: clin-
ical characteristics and ethnic context. Diag-
nostics (Basel) 2025; 15: 2110.

Younus AH and Al-Faisal AHM. Correlation be-
tween TCF7L2 gene expression and certain
biochemical parameters in type 2 diabetes
mellitus. Taibah Univ Med Sci 2024; 19: 575-
84.

Krawczyk J, O’Connor W, Vendramini P, Schell
M, Biddinger KJ, Kanke M, Pengo G, Semova I,
Fougeray T, Haigis M, Aragam KG, Lamers WH,
Tsai LT, Sethupathy P and Biddinger SB. The
diabetes gene Tcf712 organizes gene expres-
sion in the liver and regulates amino acid me-
tabolism. Mol Metab 2025: 99: 102208.
Zhang Z, Xu L and Xu X. The role of transcrip-
tion factor 7-like 2 in metabolic disorders.
Obes Rev 2021; 22: €13166.

Adeerjiang Y, Sidike A, Gan XX, Li QT and Jiang
S. The role of Wnt3a/B-catenin/TCF7L2 path-
way in diabetes and cardiorenal complications.
Cardiorenal Med 2025; 15: 72-82.

Tian S, Tan S, Jia W, Zhao J and Sun X. Activa-
tion of Wnt/B-catenin signaling restores insulin
sensitivity in insulin resistant neurons thr-
ough transcriptional regulation of IRS-1. J Neu-
rochem 2021; 157: 467-78.

Norton L, Shannon C, Gastaldelli A and De-
Fronzo RA. Insulin: the master regulator of glu-
cose metabolism. Metabolism 2022; 129:
155142.

Ferdowsi PV, Ahuja KDK, Beckett JM and My-
ers S. Capsaicin and Zinc signalling pathways

Int J Biochem Mol Biol 2026;17(1):1-9


mailto:haudess@yahoo.fr

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Gene polymorphisms and type 2 diabetes

as promising targets for managing insulin re-
sistance and type 2 diabetes. Molecules 2023;
28:2861.

Daniels MJ, Jagielnicki M and Yeager M. Struc-
ture/function analysis of human ZnT8 (SL-
C30A8): a diabetes risk factor and zinc trans-
porter. Curr Res Struct Biol 2020; 2: 144-55.
Mashal S, Khanfar M, Al-Khalayfa S, Srour L,
Mustafa L, Hakooz NM, Zayed AA, Khader YS
and Azab B. SLC30A8 gene polymorphism
rs13266634 associated with increased risk
for developing type 2 diabetes mellitus in Jor-
danian population. Gene 2021; 768: 145279.
Sala D, Giachetti A and Rosato A. Insights into
the dynamics of the human zinc transporter
ZnT8 by MD simulations. J Chem Inf Model
2021; 61: 901-12.

Ullah R, Shehzad A, Shah MA, March M, Ismat
F, Ilgbal M, Onesti S, Rahman M and McPher-
son MJ. C-Terminal domain of the human zinc
transporter hZnT8 is structurally indistinguish-
able from its disease risk variant (R325W). Int
J Mol Sci 2020; 21: 926.

American Diabetes Association. Standards of
medical care in diabetes - 2019 abridged for
primary care providers. Clin diabetes 2019;
37:11-34.

Chamroonkiadtikun P, Ananchaisarp T and
Wanichanon W. The triglyceride-glucose index,
a predictor of type 2 diabetes development: a
retrospective cohort study. Prim Care Diabetes
2020; 14: 161-7.

Makhzoom O, Kabalan Y and Al-Quobaili F. As-
sociation of KCNJ11 rs5219 gene polymor-
phism with type 2 diabetes mellitus in a popu-
lation of Syria: a case-control study. BMC Med
Genet 2019; 20: 107.

Foroughmand AM, Shafidelpour S, Zakerkish
M and Borujeni MP. Association between the
UBE2Z rs46522 and TCF7L2 rs7903146 poly-
morphisms with type 2 diabetes in south west-
ern Iran. Afr Health Sci 2019; 19: 2484-90.
Al-Khalayfa S, Mashal S, Khanfar M, Srour L,
Mustafa L, Battah A, Zayed, Ayman K, Yousef A
and Bila. Association of E23K (rs5219) poly-
morphism in the KCNJ11 gene with type 2 dia-
betes mellitus risk in Jordanian population.
Human Gene 2023; 37: 201201.

Houshmand M and Najeeb M. Association of
the KCNJ11 rs5219 E23K polymorphism with
Type 2 diabetes. J Pers Med 2020; 5: 19-21.

(27]

(28]

[29]

[30]

(31]

(32]

(33]

(34]

[35]

Ren'Y, Zhu W, Shi J, Shao A, Cheng Y and Liu Y.
Association between KCNJ11 E23K polymor-
phism and the risk of type 2 diabetes mellitus:
a global meta-analysis. J Diabetes Complica-
tions 2022; 36: 108170.

Nguyen TTT and Tran QB. Distribution of
KCNJ11 rs5219 polymorphism in viethamese
population and its association with hyperglyce-
mia. VN J Nutr Food 2022; 18: 1-8.
Moazzam-Jazi M, Najd-Hassan-Bonab L, Mas-
joudi S, Tohidi M, Hedayati M, Azizi F and
Daneshpour MS. Risk of type 2 diabetes and
KCNJ11 gene polymorphisms: a nested case-
control study and meta-analysis. Sci Rep
2022; 12: 20709.

Verma AK, Beg MMA, Khan NA, Goyal Y, Dev K
and Joshi PC. CDKAL1 (rs10946398) and TC-
F7L2 (rs7903146) gene polymorphisms and
their association with risk of type-2 diabetes
mellitus in population of Uttarakhand, India.
Meta Gene 2020; 26: 100767.

Elhourch S, Arrouchi H, Mekkaoui N, Allou Y,
Ghrifi F, Allam L, Elhafidi N, Belyamani L, Ibra-
himi A, Elomri N and Eljaoudi R. Significant as-
sociation of polymorphisms in the TCF7L2
gene with a higher risk of type 2 diabetes in a
Moroccan population. J Pers Med 2021; 11:
461.

Farag MD, Sakr MA, Tayel NR and Abdelrah-
man AA. Association of TCF7L2 polymorphisms
rs7903146 and rs4506565 with risk of type 2
diabetes mellitus in the Egyptian patients. Afr J
Biol Sci 2024; 20: 109-19.

Abu-Khadra KM, Wahsha MA and Al-Najjar TH.
Analysis of the Association between SLC30A8
Gene Polymorphism (rs13266634 C/T) and
Type 2 Diabetes Mellitus in the North of Jor-
dan. Biomed Pharmacol J 2025; 18.
Vatankhah Yazdi K, Kalantar SM, Houshmand
M, Rahmanian M, Manaviat MR, Jahani MR,
Kamalidehghan B and Almasi-Hashiani A. SL-
C30A8, CDKAL1, TCF7L2, KCNQ1 and IGF2B-
P2 are associated with type 2 diabetes melli-
tus in Iranian patients. Diabetes Metab Syndr
Obes 2020; 13: 897-906.

Goyal Y, Verma AK, Kumar S, Bhatt D, Ahmad F
and Dev K. Association of SLC30A8 (rs13266-
634) and GLIS3 (rs7034200) gene variant in
development of type 2 diabetes mellitus in In-
dian population: a case-control study. Gene
Rep 2022; 28: 101655.

Int J Biochem Mol Biol 2026;17(1):1-9



