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ABSTRACT

Background and Objectives: Diabetes mellitus is a chronic metabolic disorder that is mainly
characterized by a rise in the plasma glucose levels above the normal range, glucose intolerance and
insulin resistance. There are various subtypes of diabetes mellitus of which type 2 diabetes mellitus (type
2 DM) is the most prevalent form. Mutations in the Adenosine Binding Cassette Transporter Proteins
Subfamily A Member 1 (ABCA1) have been associated with abnormal lipid levels and certain variants
have been linked with type 2 DM. The CACNA1C facilitates calcium channels which are responsible for
transporting calcium ions into the cells especially in heart and brain. The objective of the study was to
find the association of mutations in ABCA1 and CACNA1C with the risk of developing type 2 DM and to
find the genotype and allelic frequency of ABCA1 2230808 and CACNA1C 2239127.

Methods: The present study analyzed the association of ABCA1 rs2230808 polymorphism and CACN-
A1C 2239127 with type 2 DM patients in a local population. The study for ABCA1 2230808 was carried
out on 94 subjects who were divided into 49 normal (control) and 45 type 2 DM patients, whereas the
sample size for CACNA1C 2239127 was 150 divided into 94 type 2 DM patients and 56 normal samples.
Genotyping of ABCA1 rs2230808 polymorphism was carried out by tetra-primers Amplification Refra-
ctory Mutation System Polymerase Chain Reaction (ARMS-PCR) technique, while RFLP technique was
used for genotyping of CACNA1C rs2239127.

Results: The ABCA1 rs2230808 genotypes in the type 2 DM patients was found to be CC (53.33%), CT
(31.11%) and TT (15.55%), while in the control group was found to be CC (46.93%), CT (38.77%) and TT
(14.28%). While the CACNA1C rs2239127 genotypes in type 2 DM patients was observed as TT (54.25%),
CT (34.04%) and CC (11.70%), while in control group it was found to be TT (53.57%), CT (37.5%) and CC
(8.92%).

Conclusion: The P-value for both genotype and allelic frequency was found to be greater than 0.05%
which shows no significant association of ABCA1 rs2230808 and CACNA1C 2239127 polymorphism
with type 2 DM in our study group.
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INTRODUCTION
Diabetes Mellitus, also known as hyperglycemia, is a
chronic metabolic disorder that is characterized by a
rise in the plasma glucose levels above the normal ran-
ge, glucose intolerance and insulin resistance.! More
alarming is the fact that by 2030, type 2 DM will be the
7th Jeading cause of death worldwide. One of the great
concerns is the increasing prevalence of type 2 DM in
children.2

It is expected that in future, the disease will be
more pronounced in middle income and lesser develo-
ped countries.3 Both genetic and environmental factors
result in type 2 DM.4 The prominent risk factors res-
ponsible for the disease include; obesity, excess body

fat, high blood pressure, sedentary life style, age, poor
dietary habits with high intake of sugar, smoking, high
consumption of alcohol, socioeconomic factors, ethni-
city and stress.5 Concordance value of 100% has been
seen in case of monozygotic twins and about 25% of
people who develop type 2 DM have a family member
affected with it.6

According to the International Diabetes Federat-
ion, there were more than 400 million people living
with diabetes in 2015, and it is expected that by 2040,
more than 640 million people will be having diabetes.”
Patients suffering from diabetes at mid 50’s live about
5 years less on average as compared to non-diabetic
people, which means that millions of lives globally
have been lost due to the disease.8 The prevalence of
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type 2 DM is on the rise in Pakistan and it is ranked
7th in the world in terms of prevalence of type 2 DM
and among top ten nations of the world in terms of
diabetic people aged 20-79 years.9 A number of popu-
lation based studies and nationwide surveys show that
both urban and rural areas of Pakistan show a high
prevalence of diabetes, with an overall ratio of 22.04%
and 17.15% respectively.?o HbA1c is one of the most
reliable methods for glycemic management in type 2
DM as it takes into account the blood glucose levels
during a time period of 3-4 months.u

The ATP binding cassette subfamily A member 1
(ABCA1) encodes ABCA1 protein, which has an impor-
tant role in regulating the metabolism of lipids both
cholesterol and HDL. It is mainly produced in liver
and cells of immune system macrophages. The cytoge-
netic location of ABCAL1 is at long arm known as q arm
of the chromosome 9 at position 31.1. The role of this
gene is very important as several inherited have been
linked to mutations in this gene.13

The regions of the plasma membrane that are
more prone to accumulate cholesterol are targeted by
ABCA1. The inward cholesterol movement from the
plasma membrane toward intracellular storage is bro-
ught through the Acyl-Coenzyme A: cholesterol acyl-
transferase (ACAT), which esterifies cholesterol in the
endoplasmic reticulum.4 ABCA1 protein has 2261
amino acids, 36 exons and comprises of two heterodi-
mers. The SNP rs2230808 (Arg1587Lys) or R1587K is
present in the exon 35 of ABCA1. It has been reported
that ABCA1 plays an important role in glucose homeo-
stasis, and several studies conducted previously have
shown that carriers of heterozygous ABCA1 mutation
have their islet function impaired.:s.16

The CACNA1C has an important role in providing
guidance for making calcium channels which are
responsible for transporting calcium atoms/calcium
ions that are positively charged into cells. It is also the
site where calcium channel blockers including dihy-
dropyridines, phenylalkylamines, and benzothiazepi-
nes bind.?” The gene that encodes the 1C subunit of the
L-type calcium channel, CACNA1C, is a large gene,
nearly 300 kb in size, located on chromosome 12p-
13.3.18 The chromosomal location of CACNA1C is 12p-
13.33, which is the short (p) arm of chromosome 12 at
position 13.33. CaV1.2 is a term used for the calcium
channel produced from the CACNAiC. Although, a
number of cells contain these channels, however, their
importance is more pronounced in the normal func-
tioning of heart and brain cells.

METHODS

Blood samples of diabetic and normal subjects were
collected, and sampling was carried out at Institute of
Biomedical and Genetic Engineering, KRL Hospital.

Approvals from ethical committee and institutional
review board were taken before starting the research.
Patients were informed about the research objectives
and a designed questionnaire was filled from each pat-
ient. The questionnaire carried information related to
age, family history of diabetes, cholesterol and BP lev-
els and BMI etc. Informed patient consent was an in-
tegral part of the research. Anthropometric
measurements were recorded in-cluding the gender,
diagnosis, duration of disease, age at onset of the
disease, ethnicity, obesity, smoking, physical activity,
presence of various diabetes related microvascular
complications and prior drug treatment. BMI of
patients were also recorded. The clinical mea-
surements of the patients were noted which include
the blood glucose levels, lipid profiles and any other
associated disease.

For DNA extraction, the salting out method was
used. The DNA was extracted from blood and was qua-
ntified by using Nanodrop 2000c spectrophotometer
(Thermo USA). Further, the optical density (OD) of
each sample was measured. Reconstitution of primers
was carried out by mixing the lyophilized primers with
deionized water for preparing stock solution of 100 uM
of each primer.

Amplification Refractory Mutation System PCR
(ARMS-PCR) was characterized using two primer pairs
for amplifying two different alleles of a SNP in a single
PCR.20 Tetra-primer ARMS-PCR approach for the tar-
geted and allele specific amplification of rs2230808
SNP in ABCA1 was used. For determining the upstr-
eam and downstream sequence of rs2230808, the Hu-
man Genome at Ensemble Genome Browser was used.
The ARMS-PCR primers for rs2230808 were designed
at the following primer design web service:
http://cedar.genetics.soton.ac.uk/public_html/primer
1.html

The sequence of forward inner primer was 5’'-
AGACAGCGGTTTACCTTGACATTATGTT-3’, sequence
of reverse inner primer was 5'-GAAGATTTATGACA-
GGACTGGACACAAG-3’, the sequence of forward
outer primer was 5’-CAGATGAGGGAACTGAGGTTTA-
GATAGG-3’ and the sequence of reverse outer primer
was 5’-AATTTCAGTGAACAAGGTAGTGGCAT-3'. PCR
conditions were optimized, amplification of the DNA
samples was carried out for target DNA which span
rs2230808 SNP.The PCR products were analyzed
through using 2% agarose gel through electrophoresis.
The different bands of DNA were visualized under the
ultraviolet illumination and were photographed using
Syngene gel documentation system (Gene Genius,
Syngene, UK). The image of agarose gel
electrophoresis for rs2230808 wusing ARMS-PCR
approach is shown at (fig. 1).

The genotyping for CACNA1C rs2239127 was carried
out by PCR-RFLP technique. For amplification, a
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forward primer 5’-AACACAGACCC-

Table- 1: Genotypes and Allele Frequency for ABCA1 rs2230808.

CACACTCAT-3’ and a reverse pri-
mer 5’- TTCTCTCCCAGTGGCTTG-

P-Value Calculation for Genotypes and Allele Frequency

TT-3’ was used. After amplification
the product was digeste dpwith the Study SNP Genotypes SNP Allele Frequency
restriction enzyme Hinfl. Fragments Group cc cr T C T
were separated through 2% agarose Control 66
gel electrophoresis. The three geno- ontro 23 19 o7 0553 0-337
types TT, CC and CT were distingui- Patients 24 14 07 0.689 0.31
shed.
STATISTICAL ANALYSIS Stat Results Chi Square = 0.61 Chi Square = 0.002

For analyzing the data, different Pvalue= " 0737 (>0.05) | P-value= 0964 (>0.05)
statistical tools were used including Analysis The result is insignificant The result is insignificant

Statistical Package for the Social Sci-
ences (SPSS). Different tests were
applied including the P-value for

Table- 2: Odds Ratio Calculations for ABCA1 rs2230808.

significance, HW-Equilibrium, chi-

0Odds Ratio Calculation for the Study

square test and the odds ratio test to

see the association of a particular SNP Genotypes

exposure with an outcome. Study Group cc cT T
RESULTS

Thegenetic polymorphism of ABCA1 0Odds Ratio 0.744 1.402 0.9048
rs2230808 was investigated in type .

2 DM patients. Sample size of 94 Lower Limit 0-344 0-5973 02906
subjects was used during the current Upper Limit 1.7418 3.2928 2.8173
study. The subjects were divided

into 45 patients with type 2 DM and P-value 0.537 0.438 0.862
49 control subjects. 5 ml of whole Analysis Non-significant | Non-significant Non-significant
blood was collected in ACD vacu-

tainer tubes. The mean values
of age, fasting and random blo-

Table- 3: Genotypes and Allelic Frequencies for CACNA1C rs2239127.

od glucose and cholesterol lev-

els were calculated. About 67% P-Value Calculation for Genotypes and Allele Frequency

of the type 2 DM patie;nts in Stud SNP Genotypes SNP Allele Frequency
our study group comprised of p Yy

females. The mean age in years roup T cr cc C T
was calculated as 50 + 8.76, the o o o

mean fasting blood sugar in 51(54.25%) | 32(34.04%) | 1 (11.70%) 071 0-29
mg/dl was calculated as 212.89 Patients o o 9

+ 66.8, the mean of random bl- (N =094) 30 (53.57%) | 21(37.5%) 5(8.92%) 0.72 0.28
ood sugar in mg/ dl was 260.5 - -

+ 131.64, while the mean chole- | Stat | chi-square =054 ¢hi-square=0.025
sterol value was 229.1 + 29.95 esults -value = 0.7610(p>0.05) -value =1(p>0.05)
mg/dl among the type 2 DM Analysis | The result is insignificant The result is insignificant

patients. Age and sex matched
healthy individuals were recrui-
ted as controls for the current study program. The res-
ults from our study group are in support of the null
hypothesis. No marked difference has been observed
between the control group and type 2 DM patients.
The genotypes & allelic frequencies and odds ratio for
ABCA1 rs2230808 are provided at (Table- 1 & 2)
respectively. The genotypes & allelic frequencies and
odds ratio for CACNA1C 2239127 are provided in
(Table- 3&4) respectively. The results suggest that P-
value for SNP genotypes and allelic frequencies is
greater than 0.05 thus yielding insignificant result.

The CACNA1C rs2239127 genotypes in type 2 DM
patients was observed as TT (54.25%), CT (34.04%)
and CC (11.70%), while in control group it was found to
be TT (53.57%), CT (37.5%) and CC (8.92%). The alle-
lic frequencies for T and C in type 2 DM group was
found to be 0.71 and 0.29 respectively while in control
group it was observed to be 0.72 and 0.28 respectively.
The p-value for both genotype and allelic frequency
was found to be greater than 0.05% which shows no
significant association of rs2239127 polymorphism
with type 2 DM.
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DISCUSSION
Frikke-Schmidt reported that R1587K (rs-
2230808) polymorphism was over expr-
essed in subjects with low HDL cholesterol
levels. Similar results were observed by dif-
ferent reports.2t23 The findings of another
study carried out at Greek nurses suggested
that R1587K polymorphism of ABCA1 was
linked to lipid variables, age, and gender.24
In a study carried out at Malaysian pop-
ulation, no significant genetic association for
R1587K polymorphism of ABCA1 with type 2
DM was found, which is in support of our

Table-4: Odds Ratio Calculations for CACNA1C 2239127.

0Odds Ratio Calculation for the Study
SNP Genotypes
Study Group
T CcT cc
Odds Ratio 1.027 0.860 1.35
Lower Limit 0.589 0.482 0.539
Upper Limit 1.7418 3.2928 2.8173
p-value 0.537 0.438 0.862
Analysis Non-significant | Non-significant | Non-significant

results.25

100bp
Ladder

v

J

————— — —

Common band 448bp
With outer primers

rd

C Allele 284bp

T Allele 220bp

Fig. 1: Image of Agarose Gel Electrophoresis of ABCA1 rs2230808 through ARMS-PCR.

However, in a study carried out at Saudi populat-
ion, the association between ABCA1 C69T polymer-
phism and type 2 DM was investigated and it was
observed that the T allele frequency of the ABCA1
C69T was greater in control subjects as compared to
the type 2 DM patients. Hence, it was inferred that the
T allele may have a protective role against type 2 DM
in the Saudi population under study.26

Mexican researchers in a study carried out at the
Mexican population reported that the ABCA1 R230C

variant was significantly associated with type 2 DM.
Similarly, in a study carried out at the Han Chinese
population of Taiwan, it was observed that the poly-
morphisms in ABCA1 rs10121901 were associated with
development of early onset of diabetes.27

It was reported that in type 2 DM patients, the
ABCA1 expression was reduced in leukocytes?7, hence
this study suggested a link between ABCA1 polymor-
phism and type 2 DM. In another study carried out in
Turkish patients, a significantly higher frequency of
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both T genotype and allele was observed in control
group in comparison to diabetic patients, which may
lead to possibility of T allele being a protective factor
against the disease. 28

Ergen et al.29 reported that the GG allele and geno-
type differed significantly between the control and type

None to disclose.
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