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Abstract

Background An extensive quest for genetic variables impacting the susceptibility for type 2 diabetes mellitus
(T2DM) and other cardiometabolic disorders has been sparked by the global growth in the frequency of those
widespread ailments. Although the association between several SNPs and T2DM has been reported in prior research,
little is known about the association between SNPs FTO rs8050136, and CDKAL1 rs10946398 and T2DM in Egyptian
population. This study aims to investigate these two identified SNPs in Egyptian diabetic patients to ascertain their
underlying genetic influences on T2DM. This study included 50 diabetic patients and 50 healthy subjects. Each indi-
vidual underwent a clinical assessment and total body examination, laboratory investigations including liver enzymes,
fasting blood sugar, glycated hemoglobin (HbA1C), and lipid profile. The DNA Purification Kit was used to separate
genomic DNA from the whole blood. Gene polymorphism was detected via PCR-REFLP and PCR-AS methods.

Results There was a significant association between the presence of the C allele in the FTO gene at rs8050136

and T2DM among studied people. The patient group had a considerably higher frequency of the FTO "AC" genotype
and the "C" allele (P< 0.05). Additionally, only the wild-type homozygous “GG" of the CDKAL1 rs10946398 was found
in all the studied cases.

Conclusions The FTO "CC" genotype is significantly associated with T2DM in the Egyptian population. However,
no association was detected between CDKALT rs10946398 and T2DM. This result may be attributed to the small
sample size or the rare incidence of this SNP in the Egyptian population. The study suggests verifying the findings
on a larger sample and looking into the relationship between T2DM and additional gene polymorphisms.

Highlights

+ Type 2 diabetes becomes a challenge health problem owing to its growing prevalence, complex pathogenesis.

+ It is necessary to study the relationship between different SNPs and T2D to identify their underlying genetic
influences on T2DM, which could help to delay the onset of the disease or prevent it or its related complica-
tions.

*Correspondence:

Wafaa Abd Elaziz

fofa991@yahoo.com

Full list of author information is available at the end of the article

. ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43088-023-00402-8&domain=pdf

Ragab et al. Beni-Suef Univ J Basic Appl Sci (2023) 12:64

Page 2 of 10

« In Egypt, limited studies evaluate the association between SNPs in Fat mass and obesity-associated protein
(FTO rs8050136); as well as CDKALI rs10946398 and T2DM.
+ Thus, it may be useful to idenfiy the association between these polymorphisms and T2D.
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1 Background

The most prevalent and clinically significant metabolic
illness is type 2 diabetes (T2D), which has become a
major global healthcare burden in recent years [1]

The International Diabetes Federation (IDF) estimates
that 463 million adults between the ages of 20—80 years
had diabetes in 2019, and it is anticipated to reach 700
million by the year 2045. In 2019, it caused 4.2 million
deaths worldwide. At least 720 billion USD in medical
expenses were related to diabetes in 2019. Additionally,
since 1 in 3 diabetics—or 232 million people—had their
diabetes misdiagnosed, the true disease burden of T2DM
is probably underrepresented [2]. In Egypt, as in other
countries, T2DM appears to be a significant public health
issue among the population as there are more than 8.222
million adults (15.1%) with diabetes in 2017 [3].

T2DM is one of the most prevalent disorder caused by
genetic, environmental factors, and metabolic defects [4].
Numerous single nucleotide polymorphisms (SNPs) have
been implicated with the development of T2DM.

In order to prevent and cure T2DM, genetic risk factors
must be investigated. Information gleaned from genome-
wide association studies (GWAS) [5-7] indicated that
several single nucleotide polymorphisms (SNPs) play a
vital role in the development of T2DM. They also recog-
nized common genetic variants associated with the dis-
covery of diabetes susceptibility genes.

Numerous studies reported that fat-mass and obesity-
associated protein (FTO) polymorphisms are firmly haz-
ard factors for type 2 diabetes (T2D) [8, 9]. It is involved
in the fatty acid metabolism, repairing DNA and post-
translational modifications [10].

The CDKALI ‘“cyclin-dependent kinase 5 (CDK5)
regulatory subunit-associated protein 1-like 1”7 gene
encodes a 65-kD protein which has a protein domain
in common with a neuronal protein “cyclin-dependent
kinase 5 (cdk5) regulatory subunit-associated protein 1
(CDK5RAP1)” that especially inhibits activation of Cyc-
lin-dependent kinase 5 (CDKS5). Serine/threonine pro-
tein kinase CDKS5 is known to be a crucial molecule in
the brain and has a number of extra-neuronal impacts
[11]. It has been demonstrated that CDK5 inhibits the
release of insulin in response to glucose, contributes
to the glucotoxicity-induced reduction in insulin gene
expression, and contributes to the pathophysiology of cell

dysfunction and vulnerability to type 2 diabetes. One can
therefore hypothesize that increased activity of CDK5 in
B cells would be caused by reduced CDKALL expression
which would lead to decreased insulin secretion [12].
Patients with diabetes were found to have a lower chance
of developing diabetic nephropathy when CDKALI1
rs7756992 was present [13]. It appears that the disparity
in how different people react to environmental stimuli is
an important reason for ethnic variance and race-specific
inheritance. Although the association between several
SNPs and T2DM has been reported in prior research [14,
15], little is known about the association between SNPs
FTO rs8050136, and CDKALI1 rs10946398 and T2DM in
Egyptian population.

Therefore, our aim is to investigate these two identi-
fied SNPs (FTO rs8050136, and CDKALI rs10946398) in
some Egyptian diabetic patients to identify their under-
lying genetic influences on T2DM in this group, which
could help to delay the onset of the disease or prevent it
or its related complications.

2 Subjects and methods

The present study included 100 individuals (50 with
T2DM and 50 apparently healthy controls) collected from
outpatients’ clinics of the Internal Medicine Department
of Kasr Al Ainy Hospital Cairo, Egypt. All participants
are between 22 and 60 years old.

2.1 Exclusion criteria

(1) Cases and subjects with ages <22 and > 60 years.

(2) People with type 1 diabetes or any other form of
diabetes.

(3) People suffering from chronic endocrine or renal
conditions, liver illness, thyroid issues, chromo-
somal abnormality or other diseases.

(4) People suffering from any prior or present malig-
nant disease.

(5) Patients who are receiving corticosteroid or hor-
mone replacement treatment.

The Medical Research Ethical Committee at the
National Research Center in Cairo, Egypt, gave its
approval to the study plan under number (2153042021).
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All participants gave their permission in writing after
being fully informed.

All patients and controls underwent a thorough his-
tory taking process that included questions about smok-
ing history, occupational chemical exposure history, drug
use history, prior illnesses, etc. Body mass index (BMI)
was calculated. Also, liver enzymes (ALT, AST, and ALP),
serum albumin, serum creatinine, urea, lipid profile, fast-
ing blood sugar, and HbA1C were measured in all indi-
viduals according to the manufacturer’s instructions. The
chemicals were bought from Spectrum Company, Cairo,

Egypt.

2.2 Samples collection and methods

10 ml venous blood was drawn from all study partici-
pants in the morning after a 12 h fast; a portion of the
blood was collected on an EDTA tube for the extraction
of DNA. The other portion is left to clot at room tem-
perature. Serum was separated by centrifuging for 10 min
at 3000 rpm. Sera were used immediately for other bio-
chemical investigations including alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), serum
albumin, fasting blood glucose, cholesterol, triglycerides,
HDL-C, LDL-C following the directions provided by the
c. The chemicals were bought from the Cairo, Egypt-
based Spectrum Company according to the manufactur-
er’s instructions.

2.3 DNA extraction and polymorphism determination
Using GeneJET genomic DNA Purification Kit (Thermo
Scientific, Lithuania, genomic DNA was extracted from
blood following the manufacturer’s suggestions. Geno-
typing was carried out via either restriction enzyme
digestion of PCR product (PCR-RFLP) or using allele-
specific Polymerase Chain Reaction (PCR-AS). Primers
sequences [16] and the expected size of PCR products are
listed in Table 1.

Table 1 PCR primers of all studied genes:
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2.4 PCR conditions and procedure
For PCR-RFLP, each SNP’s reaction was done in a sepa-
rate tube, whereas PCR-AS occurs in two reaction tubes
per sample. The total volume was 20 pl for each PCR
reaction including 2 pL of extracted DNA, 10 pL of PCR
Master Mix (2X) (Thermo Scientific, Lithuania), 6 pL
nuclease-free water, and 1puL of each forward and reverse
primers (10 pM). The circumstances for the CDKALI1
gene’s cycling were set up as previously advised: ini-
tial activation for 3 min at 94 °C, followed by 35 cycles
of denaturation at 94 °C for 30 S, annealing at 58 °C for
30 s and extension via heated-up to 72 °C for 40 s. The
plate was cooled to 4 °C after the final extension at 72 °C
for 5 min. In contrast, For FTO (rs8050136) the cycling
conditions were as follows: initial activation at 94 °C for
3 min, followed by thirty-five cycles of denaturation at
94 °C for 30S, annealing at 57 °C for 30 s and elongation
at 72 °C for 40 s. The final extension was settled at 72 °C
for 5 min and then the plate was cooled to 4 °C.
Following agarose gel electrophoresis and staining
with ethidium bromide, the sizes of PCR products were
observed under UV light using a 100 bp plus DNA lad-
der. The restriction enzyme (FastDigest Ssil) was used to
digest the PCR products of the CDKAL1 gene. On 3%
agarose gels, restriction fragments and 100 bp plus ladder
were resolved and the outcomes were analyzed as shown
in Table 1.

2.5 Statistical analysis

Utilizing the program SPSS version 21 (Chicago, USA),
data were analyzed. Results are shown as mean * stand-
ard deviation or percentages (%). The unpaired Student’s
t-test or One-Way ANOVA test was used to compare
quantitative clinical data of the diabetic patients and
controls as appropriate. The Chi-square test was used to
compare the genotype and allele frequencies. Odds ratios
(OR) and their 95% confidence intervals (CI) were cal-
culated using the test for Hardy—Weinberg equilibrium.
P-values <0.05 were considered significant.

Gene (SNP) Primer Primer sequence PCR product (bp) Length of
digestion
fragments (bp)

CDKAL1 Forward 5 -CTGCTTGCTGTTGGGGAAGA -3° 157 Gallele: 157 bp

510946398 Reverse 5'-CTCAATGCTGTTCATCAGGCAC -3' Callele: 121 +36 bp

FTO (rs8050136) Forward TGCCCACTGTGGCAATA 246

(Normal)
Forward TGCCCACTGTGGCAATC
(Mutant)

Reverse

AGACTTTCTAGCCCTGAGATTGT
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3 Results

Baseline characteristics of the cases included in the pre-
sent study are listed in Table 2 The diabetic group’s aver-
age age was 48.4+11.7 years older on average than the
controls’ 36.26 + 12 years, P<0.001). Besides, there were
more females among diabetic cases (86%) compared
to 62% in controls. As expected, the BMI was signifi-
cantly higher in diabetic cases compared with the con-
trols (28.4+5.5 vs. 24.39+3.2; P<0.001). Also, the levels
of FBS, postprandial glucose level, HbAlc, and total
cholesterol (TC), were all higher in diabetic cases com-
pared to controls (P<0.001). Other examined param-
eters, however, did not vary between the two groups
(P>0.05) (Table 2). No statistically significant difference
(P values>0.05) was found between T2DM patients and
controls for the genotypic and allelic frequencies for the
tested SNP in the CDKAL1 gene as only the wild-type
homozygous GG genotype of the CDKAL1 rs10946398
gene was found in all the samples of the present study
(100%), whereas GC and CC genotypes were not found
(Fig. 1 and Table 3).

However, there was a significant association between
the presence of the C allele in FTO gene polymorphism
(rs8050136) and T2DM among studied people. The dis-
tribution of FTO rs8050136 genotypes in diabetic cases
was 10 patients with AA genotype (20%) and 25 with AC
(50%) while 15 patients (30%) had homozygous mutant
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genotype CC. However, in the control group, 24 healthy
cases had the AA genotype (48%), 15 (30%) had the AC
genotype, and 11 (22%) had the CC genotype. Con-
cerning the allele frequency, the “C” allele in the FTO
rs8050136 polymorphism was more frequent in the
diabetic group (55%) compared to the normal “A” allele
which is more frequent in normal cases (63%), (P=0.011)
(Fig. 1 and Table 3). The present study showed that the
carrier of rs8050136-C allele (CC+AC genotypes) of
FTO has an increased risk for T2DM (OR=3.69; 95% CI
1.52-8.97) (Table 4).

Table 5 illustrates the observed and expected genotype
frequencies of FTO" gene’ polymorphisms in the control
group. It was detected that FTO genotypes deviated sig-
nificantly from Hardy-Weinberg equilibrium expecta-
tions (Fig. 2).

Table 6 displays the results of the relation between
FTO genotypes and the measured biochemical param-
eters. Statistical analyses showed that there was no sig-
nificant association between different FTO genotypes
and all studied investigated parameters.

4 Discussion

T2DM is considered a chronic complex disease charac-
terized by hyperglycemia which results from reduced
insulin secretion, insufficient pancreatic cell response to
the ongoing onset of insulin resistance (IR) in peripheral

Table 2 Demographic, clinical and biochemical parameters of the control and diabetic patients

Parameters Healthy control group Diabetic patients P-value
(N=50) (N=50)
Age (Years) 36.26+12 4844117 <0001
Sex (male/female) 19/31 7/43 0.006™
Female % 62% 86%
BMI (kg/m?) 2439432 284455 <0001
Fasting blood glucose 91.9+6.99 177+56.9 <0.001™
2hPPG 11374103 2643+81.1 <0001
HbA1C (%) 528+04 726412 <0001™
ALT (U/L) 29.16+113 3239+168 0.271
AST (U/L) 2427+76 27424112 0.110
ALP (U/L) 11234292 122.7+48 0.219
ALB (g/dl) 39+036 3.7+046 0.058
Urea (mg/dl) 176+54 21.7+7.8 0.051
Creatinine (mg/dl) 0.77+0.17 0.79+0.16 0.586
Cholesterol (mg/dl) 12964416 16824297 <0.001”
Triglycerides (mg/dl) 131.5+£40.2 143+£874 0419
LDL 10494289 1123434 0.267
HDL 53.14+102 535+135 0.893

Data are presented as mean +SD

n number, BMI Body mass index, ALT Alanine aminotransferase, AST Aspartate aminotransferase, ALP Alkaline phosphatase, ALB Albumin, TC Total cholesterol, TG

Triglycerides, HDL High-density lipoprotein, LDL Low-density lipoprotein
*P<0.05,**P<0.01, ***P <0.001
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Fig. 1 Analysis of FTO gene polymorphism: the agarose gel picture showing the PCR-AS results of FTO gene polymorphism (rs8050136). The

upper gel showed the samples with normal primers (normal tube) while the lower gel showed the same sample with mutant primer (mutant
tube of the same sample in the upper gel. Lane M: 100 bp Plus DNA ladder, lane (1 & 1\) & (6 & 6\) & (7 & 7\) & (10 & 10\) & (13 & 13\) indicates
a homozygous AA sample (246 bp in normal tube), lane (2 & 2\) & (4 &4\) & (5 & 5\) & (9 &9N) & (11 & 11\) & (14 & 14\) & (15 & 15\) indicates

a heterozygous CA (246 bp in both tubes), lanes (3 & 3Y) & (8 & 8Y) indicates, a homozygous CC (246 bp in mutant tube).

Table 3 Genotype and allele frequencies of "CDKALT, and FTO" genes’ polymorphisms in patients and controls

SNP Allele Patients Controls Odd ratio P-value
CDKALT rs10946398 GG 50 (100%) 50 (100%) - -
GC 0 (0%) 0(0%) - -
cC 0 (0%) 0(0%) - -
Normal G 100 (100%) 100 (100%) - -
Mutant C 0 (0%) 0(0%) - -
FTO (rs8050136) AA 0 (20%) 24 (48%) 0.271(0.111-0.658) 0.003"
AC 25 (50%) 15 (30%) 2.333(1.027-53) 0.041"
cC 15 (30%) 11 (22%) 9(0.617-3.745) 0.362
Normal A 45 (45%) 63 (63%) 2,081 (1.182-3.664) 0011"
Mutant C 55 (55%) 37 (37%)

*P <0.05; **P <0.01

Table 4 The frequencies, odds ratios and P-values of the FTO (rs8050136) gene polymorphism among T2DM patient and control
subjects under recessive and dominant models

SNP Model Allele Patients Controls 0Odd ratio P-value
FTO (rs8050136) Dominant CC+AC 40 (80%) 26 (52%) 3.69 (1.52-8.97) 0.003"
model AA 10 (20%) 24 (48%)
Recessive CcC 15 (30%) 11 (22%) 1.519(0.617-3.745) 0362
model AA+AC 35 (70%) 39 (78%)

*P <0.05;**P <0.01
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Table 5 Hardy-Weinberg equilibrium in the FTO genotypes

Gene/SNP  Genotype Controls

Observed Expected Chisquare P-value

genotype genotype (X?)
FTO AA 24 19.8 6.354 0011
(rs8050136) AC 15 233
CcC 11 6.8
*P <0.05

organs, or compromised liver glucose control [17]. Iden-
tification of new genetic variants that increase suscepti-
bility to T2DM makes it possible to translate this genetic
information to the clinical practice and maybe enhance
risk prediction. Additionally, it might aid in delaying
or preventing the onset of disease, or any related com-
plications. Such research seeks to resolve the intricacy
that caused the illness’s urgency. As T2DM is a compli-
cated illness that is brought on by a number of variables,
including several genetic and environmental factors allied
to manifest the disease. Obesity, positive family history,
and physical inactivity are thought to be key risk factors
for this illness [18].

Numerous studies have lately been conducted to ascer-
tain how genetic factors influence obesity and T2D sus-
ceptibility. These studies provided controversial findings,
which may have been caused by the inclusion of multi-
ple ethnic groups. Additionally, the majority of these
studies used inconsistent techniques. This work aims

157 bp—> e
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to investigate two SNPs (FTO rs8050136, and CDKAL1
rs10946398) in Egyptian diabetic patients to examine the
relationship between the presence of these SNPs and the
occurrence of T2DM.

According to the current study, the diabetic group’s
mean age was noticeably older than that of the controls.
The fact that metabolic disorders, involving T2D and
cardiovascular diseases, are tightly related to the aging
process may be because IR is one of the early precondi-
tions of DM, and its consequences related to metabolic
cardiovascular diseases are frequently found in the
elderly. IR may occur as a result of a loss of lean body
mass (LBM) and an increase in body fat, chiefly visceral
adiposity, which regularly comes with aging. The mecha-
nism related to T2DM showed that aging results in either
a decline of insulin sensitivity or alteration & inadequate
compensation of B-cell functional mass in the face of
increasing IR [19]. Additionally, compared to controls,
diabetes cases had a higher proportion of females. This
may be due to diversities between men and women in
predisposition clinical presentation, and development
of the disease. Also, the difference in biology, socioeco-
nomic status, lifestyle, and environmental impact may be
another cause [20].

As expected, diabetic cases’ mean BMIs were much
higher than those of the healthy controls. The BMI is a
straightforward way of determining how far an individ-
ual’s body weight deviates from what is considered nor-
mal or ideal. It is estimated that 36.9% of men and 38.0%
of women with BMI >25 kg/m? have type 2 diabetes

300 bp
200 bp

100 bp

Fig. 2 Analysis of CDKAL1 gene polymorphism: the agarose gel picture showing PCR-RFLP analysis of CDKAL1T gene (rs10946398) G > C genotypes
of study subjects with fast-Digest restriction endonuclease enzyme Ssil. M: (100 bp Plus) DNA ladder, Lane 1,2,3,4,5,6,7 and 8 indicate samples

homozygous GG (157 bp)
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Table 6 Correlation between FTO (rs8050136) gene polymorphism genotypes and the investigated parameters
Parameters Healthy control group Diabetic patients
(N=50) (N =50)
Genotype Mean+SD P-value Genotype Mean+SD P-value
Age (Years) CC(N=11) 36.6£10.9 0.371 CC(N=15) 51.27£52 0.099
AC (N=15) 39.6+144 AC (N=25) 4944+133
AA (N=24) 34+108 AA (N=10) 415126
BMI (kg/m?) CC(N=11) 233£13 0.400 CC(N=15) 283£6.9 0497
AC(N=15) 252146 AC (N=25) 29.2+45
AA (N=24) 243+25 AA (N=10) 268+55
Fasting blood glucose CC(IN=11) 922+66 0.581 CC(N=15) 166.7 +£58.3 0.623
AC(N=15) 90.3+6.3 AC (N=25) 174.7+53.2
AA (N=24) 928+7.6 AA (N=10) 1924+66.5
2 h PPG CCIN=11) 113.1£109 0.869 CC(N=15) 278.2+123.1 0529
AC (N=15) 1128+93 AC (N=25) 249£51.2
AA (N=24) 1145+£11.02 AA (N=10) 279.7+73.1
HbA1C (%) CCIN=11) 526+0.24 0.175 CC(N=15) 7.77+1.03 0.118
AC (N=15) 548+048 AC (N=25) 6.88+1
AA (N=24) 5.19+046 AA (N=10) 7.28+1.54
ALT (U/L) CC(N=11) 266+5.7 0.481 CC(N=15) 324+156 0.927
AC (N=15) 319+17.2 AC (N=25) 33.13£187
AA (N=24) 285+79 AA (N=10) 306+154
AST(U/L) CC(N=11) 238+49 0.844 CC(N=15) 2743+123 1.000
AC(N=15) 235+122 AC (N=25) 27.38£12.1
AA (N=24) 249+4.44 AA (N=10) 275+83
Urea (mg/dl) CC(N=11) 13.9+£89 0.07 CC(N=15) 19.6+£4.7 0444
AC(N=15) 21+26 AC (N=25) 224+76
AA (N=24) 163+3.2 AA (N=10) 241£11.9
Creatinine (mg/dl) CC(N=11) 0.75+£0.27 0.922 CC(N=15) 0.8+0.18 0.824
AC(N=15) 0.77+£0.11 AC (N=25) 081+0.17
AA (N=24) 0.79+0.16 AA (N=10) 0.76+£0.19
Cholesterol(mg/dl) CC(N=11) 131.1£31 0.650 CC(N=15) 16794313 0515
AC (N=15) 1374+343 AC (N=25) 164.2+238
AA (N=24) 124.1£49.2 AA (N=10) 1774+39.2
Triglycerides (mg/dl) CC(N=11) 12244341 0.786 CC(N=15) 11514413 0.269
AC (N=15) 133.9£46.8 AC (N=25) 163.4+£112.1
AA (N=24) 133.2+£389 AA (N=10) 1374+649
LDL CC(N=11) 94.8+24 0433 CC(N=15) 954+294 0.058
AC(N=15) 111.5£259 AC (N=25) 122.9+35.2
AA (N=24) 10444322 AA (N=10) 112.7+306
HDL CC(N=11) 523+83 0.815 CC(N=15) 53+86 0.943
AC(N=15) 52.1+£6.8 AC (N=25) 53.18+157
AA (N=24) 541+£126 AA (N=10) 548+153

worldwide [7]. The present analysis of BMI showed that
the majority of our enrolled control individuals (90%)
have a normal weight (BMI, 19-25) while in the dia-
betic group, (4%) were overweight (BMI, 25.1-30) and
44% were obese (BMI, more than 30). Previous stud-
ies revealed that as weight classes increase, diabetes

prevalence dose as well. Given that over half of the per-
sons with diabetes are obese and that nearly one-four
have poor glycemic control, weight loss is an important
strategy in efforts to lessen the burden of diabetes on
the health care system [21]. Additionally, overweight
or obese patients have a higher rate of cardiac events
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(such as the acute coronary syndrome and heart failure)
and other chronic diseases [22]. Also, the levels of FBG,
postprandial glucose level, and HbA1lc were all higher in
diabetic cases compared to controls (all P < 0.001). The
preferred test for chronic diagnosis of diabetes is cur-
rently HbAlc since it reliably measures chronic glycemia
and corresponds well with the risk of long-term conse-
quences from diabetes [23]. Additionally, it has been rec-
ommended that recuperating glycemic state regulation
in T2DM patients is more important for preventing and
dramatically lowering the risk of cardiovascular acci-
dents in micro and macrovascular complications than
treating dyslipidemia. It was anticipated that the fatal-
ity rate would decrease by 10% with a 0.2% decrease in
HbA1c levels [24]. One of the key biochemical indicators
of T2DM and cardiovascular disease risk is cholesterol.
Our research revealed that, according to the lipid profile,
patients’ mean total cholesterol levels are significantly
greater than those of controls (P < 0.001) in comparison.
This result is not unexpected given that dyslipidemia is
an established risk factor for cardiovascular disease and a
feature of metabolic syndrome [25]. However, there were
no appreciable variations in the mean triglyceride, HDL,
or LDL values between patients and controls (P > 0.05).

Numerous GWAS have shown that the CDKALI gene
increases the body’s need for insulin when glucose lev-
els are high, and pancreatic cells continue to be stimu-
lated, which may limit CDK5 function in pancreatic cells.
By decreasing the expression of insulin genes, insulin
production is decreased. The related protein 1-LIAK
1 (CDKALL) gene is regulated by CDK5, which is one
of the most recurrent risk genes for T2DM, and CDK5
mutations may result in decreased insulin production,
which raises the risk of T2DM. The SNP rs10946398 of
CDKALL in particular had the highest connection with
T2DM [26].

Despite the fact that CDKALI1 (rs10946398 G>C) is
an important susceptibility polymorphism for T2DM
in many populations, we were unable to find a relation-
ship between the two in our cases. Only the wild-type
homozygous GG genotype of CDKAL rs10946398 was
identified in the current study; while GC and CC geno-
types were not identified. This finding may be explained
by other factors, such as the diverse genetic backgrounds
of the various populations, or by the limited sample size
or rare incidence of this SNP in the Egyptian popula-
tion, which necessitates a larger sample size for detect-
ing the other genotypes. Additionally, El-Lebedy et al.
and Pineda-Cortel [27, 28] studies revealed no correla-
tion between CDKAL1 rs7756992 and T2DM. However,
this is in contrast with previously published study which
reported that CDKAL1 RS10946398 was positively asso-
ciated with T2DM [29].
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FTO, a gene recently identified in genome-wide investi-
gations for T2DM, is crucial for managing energy balance
and regulating body fat mass through lipolysis [17]. Our
study’s objective was to examine the relationship between
the genetic variant FTO rs8050136 A > C and T2DM sus-
ceptibility in the Egyptian population.

In our investigation, genotypic frequencies for the FTO
(rs8050136) were statistically analyzed, and the results
displayed a considerable dissimilarity between both stud-
ied groups in the FTO rs8050136 A >C genetic variant.
Additionally, statistical analysis demonstrated that there
is a remarkable variation between the diabetic cases and
controls under the dominant model. Our results are
in line with a previously published studies which sug-
gest a significant association between T2DM and vari-
ants in FTO (rs8050136) [17, 30-32]. In contradiction
to our findings, it has been stated that FTO (rs8050136)
polymorphism does not correlate with susceptibility to
T2DM [33, 34].

5 Conclusions

The present study shows for the first time that
rs10946398 gene polymorphism in the CDKAL1 gene
was not associated with T2DM susceptibility among the
Egyptian population. This could be explained by the dif-
ferences in ethnicity, the sample size, environmental risk
factors, or other causes as yet undetermined. Addition-
ally, the FTO rs8050136 gene polymorphism has shown
a consistent association with the susceptibility of T2DM
in the Egyptian population. This may help in understand-
ing the biology of this complex disease. Further studies
on large scale should be done to confer the association of
SNPs (FTO rs8050136, and CDKALI1 rs10946398) with
the susceptibility of T2DM.
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