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Abstract

Diabetes Mellitus is defined as a metabolic disorder characterized by chronic
hyperglycemia. The more prevalent form, type 2 diabetes, usually begins as insulin
resistance, a disorder in which the cells do not use insulin properly. T2DM is a complex
multifactorial disease in which multiple genetic variants interact with environmental
factors to trigger the disease. There is sufficient evidence that T2DM has a strong
genetic basis. One of the identified candidate genes associated with type 2 diabetes is
CDKALI, reduced expression of CDKAL1 would result in enhanced activity of CDKS
in p cells, which would lead to decreased insulin secretion. In this study, the association
of polymorphism rs10946398 of CDKALL1 with type 2 diabetes was evaluated in 200
people by RELP-PCR method. No significant association was found between the
genotypes of polymorphism 1s10946398 and type 2 diabetes in the target population.
It is suggested that this polymorphism association with type 2 diabetes in larger
populations evaluated.

INTRODUCTION

DM is defined as a metabolic disorder characterized by
chronic hyperglycemia due to disturbances of
carbohydrate, fat, and protein metabolism that are
associated with absolute or relative deficiencies in
insulin secretion, insulin action, or both (1). The
number of people with diabetes has increased from 180
million in 1980 to 422 million in 2014 (2). The more
prevalent form, type 2 diabetes, usually begins as insulin
resistance, a disorder in which the cells do not use
insulin properly (3). As the need for insulin rises, the
pancreas gradually loses its ability to produce it. Type 2
diabetes mellitus (T2DM) represents > 90% of the
cases. T2DM is a complex multifactorial disease in
which multiple genetic variants interact with
environmental factors to trigger the disease. There is
sufficient evidence that T2DM has a strong genetic basis
(4). The concordance of T2DM in monozygotic twins
is ~76%. The lifetime risk (at age 80 years) for T2DM
has been calculated to be 38% if one parent had T2DM
(5). If both parents are affected, the incidence of T2DM
in the offspring is estimated to approach 60% by the age
of 60 years (6). Advances in genotyping technology
have facilitated rapid progress in large-scale genetic
studies. Since 2007, genome-wide association studies
(GWAS) have identified > 65 genetic variants that
increase the risk of T2DM by 10-30%. Recent
technological developments have allowed the successful

identification  of nucleotide
polymorphisms (SNPs) contributing to diabetes
susceptibility. So far, 10 SNPs have been reported in
multiple studies and meta-analyses as significantly
associated with increased risk of T2DM (7). One of the
identified candidate genes associated with type 2
diabetes is CDKALI. CDKS Regulatory Subunit-
Associated Protein 1-Like 1 (CDKAL1) is located on
the short arm of chromosome 6 at position 22.3
(6p22.3) of the human chromosome and comprises
nine exons (8). CDKS is a small serine/threonine-
protein kinase recognized as an essential molecule in the
brain and has several extra-neuronal effects. CDKS has
been shown to blunt insulin secretion in response to
glucose and to play a permissive role in the decrease of
insulin gene expression that results from glucotoxicity,
as well as in the pathophysiology of B-cell dysfunction
and predisposition to type 2 diabetes (9). Thus, one can
speculate that reduced expression of CDKALI would
result in enhanced activity of CDKS in p cells, which
would lead to decreased insulin secretion (10). In
agreement with this speculation, this locus was
significantly associated with small decreases in insulin

common  single

response to a glucose load. In this study, the association
of rs10946398 polymorphism of the CDKALI gene
with type 2 diabetes was evaluated in 120 patients with
type 2 diabetes. Also, the association of this
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polymorphism with BMI, weight, and age was
compared, and results were compared with other
studies.

MATERIALS AND METHODS

The target population of this study consisted of 200
men, 120 with T2D, and 80 healthy controls. All
participants were between 35 and 50 years old. About 6
ml of venous blood were drawn from all study
participants by venipuncture, under quality control and
safety procedures. Two milliliters of the collected blood
was placed into sterile ethylene diamine tetraacetic acid
(EDTA) tubes for DNA extraction and consequent
SNPs genotyping. Genomic DNA was isolated from
blood using G-DEX™ IIb Genomic DNA Extraction Kit
(iNtRON, South Korea) following the manufacturer
instructions. The isolated DNA was stored at -20Ce
until analysis. The polymerase chain reaction was
performed by specific primer: forward strand S'-
CTGCTTGCTGTTGGGGAAGA-3' and reverse
strand §- CTCAATGCTGTTCATCAGGCAC-3,
DNA genomic as PCR template and Taq DNA
Polymerase Master Mix RED (Amplicon, Denmark).
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The PCR product was then electrophoresed by 2%
agarose gel. The product is then treated with Acil
restriction enzyme according to the enzyme protocol,
and the product is electrophoresed on 3% agarose gel.
The GG genotype has a 157 bp band, the CC genotype
has 121bp and 36bp, and the three-band for CG
genotype 157-121-36bp (Figure 1). The results are
compared with weight, body mass index, and age. All
statistical analyses were performed using SPSS v19.0
software, and data were considered significant at P <
0.0S.

RESULTS

Table 1 illustrates genotypes and alleles frequencies,
odds ratios, 95% confidence intervals, and P values for
the CDKAL1 gene polymorphisms among T2D
patients and controls. No significant association was
found between the genotypes of polymorphism
rs10946398 and type 2 diabetes. The results were
compared with body mass index, weight, and age. There
was a significant relationship between body mass index
(P =0.021) and gravity (P = 0.001), but no meaningful
relationship was observed with age (Table 2).

Figure 1. PCR-RFLP products of CDKALI gene polymorphism. Lane M: 100 bp DNA ladder. Lane 1 indicates homozygous GG (157 bp), lane 2
indicates CC genotype (121+36bp), and lane 3 indicates a heterozygous 'CG" genotype (157 +121+ 36 bp).

Table 1. The rs10946398 Genotype Frequency

Genotype Type2 Diabetes Od ratio (85%CI) P-value
GG 48 0.92 0.78
CG 50 0.88 0.46
CC 22 2.59 0.10
Table 2. The rs10946398 Genotype Frequency Relationship by Clinical Parameter
Genotype DT2 Control P-value
BMI 0.021*
GG 48 35
GC 50 38
CC 22 7
Weight 0.001**
GG 48 35
GC 50 38
CC 22 7
Age 0.812
GG 48 35
GC 50 38
CC 22 7
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DISCUSSION

Recent advances in human genetic research have
facilitated the identification of genetic alterations
conferring susceptibility to common diseases, such as
T2DM, from across the entire human genome.
Although the importance of CDKALI1 (rs10946398 G >
C) as a susceptibility polymorphism for T2DM is well
established in various populations, we could not
replicate such an association in our investigated group.
But we found a significant difference between case and
control subjects could be established between the
CDKALLI (rs10946398 G > C) genotypes and BMI,
weight. CDKALI (rs10946398 G > C) genotypes were
significantly associated with a high risk of T2DM and B-
cell function. Those associations, however, were
stronger in Chinese Hans (Asians) than in individuals of
European Ancestry (11, 12). Therefore, the non-
significant association between CDKALI (rs10946398
G > C) genotypes and T2DM observed in this study
could be due, among other factors, to the different
genetic backgrounds of the different populations. The
majority of people with T2DM are overweight or obese.
Worldwide, the proportion of T2DM patients with BMI
> 25 kg/m2 is estimated to be 36.9 % in men and 38.0 %
in women (13). It is suggested that this polymorphism
association with type 2 diabetes in larger populations
evaluated.

REFERENCE

1. American Diabetes Association. Classification and Diagnosis
of Diabetes. Diabetes Care. 2016;39(Supplement 1):S13-522.
doi: 10.2337/dc16-S00S

2. American Diabetes A. Diagnosis and classification of diabetes
mellitus. Diabetes Care. 2014;37 Suppl 1:S81-90. doi:
10.2337/dc14-S081 pmid: 24357215

3. Cohen P. The twentieth century struggle to decipher insulin
signalling. Nat Rev Mol Cell Biol. 2006;7(11):867-873. doi:
10.1038/nrm2043 pmid: 17057754

21

10.

11.

12.

13.

Mohammadi Pour and Imani Farahani

Rother KI. Diabetes treatment--bridging the divide. N Engl |
Med.2007;356(15):1499-1501. doi: 10.1056/NEJMp078030
pmid: 17429082

Medici F, Hawa M, Ianari A, Pyke DA, Leslie RD.
Concordance rate for type II diabetes mellitus in monozygotic
twins: actuarial analysis. Diabetologia. 1999;42(2):146-150.
doi: 10.1007/s001250051132 pmid: 10064093

Stumvoll M, Goldstein BJ, van Haeften TW. Type 2 diabetes:
pathogenesis and treatment. Lancet. 2008;371(9631):2153-
2156. doi:  10.1016/S0140-6736(08)60932-0  pmid:
18586159

Takeuchi F, Serizawa M, Yamamoto K, Fujisawa T, Nakashima
E, Ohnaka K| et al. Confirmation of multiple risk Loci and
genetic impacts by a genome-wide association study of type 2
diabetes in  the Japanese  population.  Diabetes.
2009;58(7):1690-1699. doi: 10.2337/db08-1494 pmid:
19401414

Zhou B, Wei FY, Kanai N, Fujimura A, Kaitsuka T, Tomizawa
K. Identification of a splicing variant that regulates type 2
diabetes risk factor CDKALLI level by a coding-independent
mechanism in human. Hum Mol Genet. 2014;23(17):4639-
4650. doi: 10.1093/hmg/ddu184 pmid: 24760768

Ubeda M, Rukstalis JM, Habener JF. Inhibition of cyclin-
dependent kinase S activity protects pancreatic beta cells from
glucotoxicity. ] Biol Chem. 2006;281(39):28858-28864. doi:
10.1074/jbc.M604690200 pmid: 16887799

Steinthorsdottir V, Thorleifsson G, Sulem P, Helgason H,
Grarup N, Sigurdsson A, et al. Identification of low-frequency
and rare sequence variants associated with elevated or reduced
risk of type 2 diabetes. Nat Genet. 2014;46(3):294-298. doi:
10.1038/ng.2882 pmid: 24464100

Wood AR, Tyrrell J, Beaumont R, Jones SE, Tuke MA, Ruth
KS, et al. Variants in the FTO and CDKALI1 loci have recessive
effects on risk of obesity and type 2 diabetes, respectively.
Diabetologia. 2016;59(6):1214-1221. doi: 10.1007/s00125-
016-3908-5 pmid: 26961502

Wellcome Trust Case Control C. Genome-wide association
study of 14,000 cases of seven common diseases and 3,000
shared controls. Nature. 2007;447(7145):661-678. doi:
10.1038/nature05911 pmid: 17554300

Ng M, Fleming T, Robinson M, Thomson B, Graetz N,
Margono C, et al. Global, regional, and national prevalence of
overweight and obesity in children and adults during 1980-
2013: a systematic analysis for the Global Burden of Disease
Study 2013. Lancet. 2014;384(9945):766-781. doi:
10.1016/50140-6736(14)60460-8 pmid: 24880830


http://dx.doi.org/10.2337/dc16-S005
http://dx.doi.org/10.2337/dc14-S081
http://dx.doi.org/10.2337/dc14-S081
http://ncbi.nlm.nih.gov/pubmed/24357215
http://dx.doi.org/10.1038/nrm2043
http://dx.doi.org/10.1038/nrm2043
http://ncbi.nlm.nih.gov/pubmed/17057754
http://dx.doi.org/10.1056/NEJMp078030
http://ncbi.nlm.nih.gov/pubmed/17429082
http://dx.doi.org/10.1007/s001250051132
http://ncbi.nlm.nih.gov/pubmed/10064093
http://dx.doi.org/10.1016/S0140-6736(08)60932-0
http://ncbi.nlm.nih.gov/pubmed/18586159
http://ncbi.nlm.nih.gov/pubmed/18586159
http://dx.doi.org/10.2337/db08-1494
http://ncbi.nlm.nih.gov/pubmed/19401414
http://ncbi.nlm.nih.gov/pubmed/19401414
http://dx.doi.org/10.1093/hmg/ddu184
http://ncbi.nlm.nih.gov/pubmed/24760768
http://dx.doi.org/10.1074/jbc.M604690200
http://dx.doi.org/10.1074/jbc.M604690200
http://ncbi.nlm.nih.gov/pubmed/16887799
http://dx.doi.org/10.1038/ng.2882
http://dx.doi.org/10.1038/ng.2882
http://ncbi.nlm.nih.gov/pubmed/24464100
http://dx.doi.org/10.1007/s00125-016-3908-5
http://dx.doi.org/10.1007/s00125-016-3908-5
http://ncbi.nlm.nih.gov/pubmed/26961502
http://dx.doi.org/10.1038/nature05911
http://dx.doi.org/10.1038/nature05911
http://ncbi.nlm.nih.gov/pubmed/17554300
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://ncbi.nlm.nih.gov/pubmed/24880830

