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The most commonly found type of diabetes in India is type II diabetes mellitus
(T2DM), which is characterized by decrease in insulin secretion and decrease in insulin
sensitivity. Several environmental factors, genetic factors, socio-economic factors, life style,
dietary habits have contributed to the surge of T2DM cases in India. Numerous genes involved
in lipid metabolism are likely to be candidates as the markers for obesity and T2DM. In the
present study, single nucleotide polymorphism (SNP) of two genes namely Apolipoprotein A5
(APOAS5) and Lipoprotein lipase (LPL) involved in triglyceride metabolism were investigated
using polymerase chain reaction- restriction fragment length polymorphism (PCR-RFLP).
The control group comprised of non-obese, non-diabetic subjects (n=120) and T2DM cases
were divided into obese (n=120), and non-obese (n=120) groups based on their body mass
index (BMI). The demographic features between the control and cases were compared using
Chi-square distribution. The genotype frequencies of control and cases were compared using
analysis of variance (ANOVA) and binary logistic regression analysis (Odds’ ratio (OR) and
adjusted Odds’ ratio). It was observed that APOA5 rs3135506 (OR = 0.46 (0.27-0.79); p =
0.007) was negatively associated, while APOA5 rs662799 (OR = 2.22 (1.28-3.84); p = 0.006)
was significantly associated in non-obese diabetic patients. APOAS5 rs3135506 (OR = 0.03 (0.01-
0.06); p < 0.001) was negatively associated and rs662799 (OR = 4.68 (1.47-14.93); p = 0.01)
was significantly associated in obese diabetic patients. Both LPL SNPs (rs285 and rs320) were
found not to be associated with T2DM. The association of Apo A5 variants with T2DM may
be because of post transcriptional inhibition leading to reduced Apo A5 expression or these
alleles may be in linkage disequilibrium with alleles which directly affect the functioning of
APOA5. The observations indicated that T2DM is a multi-factorial disease with large number
of gene-gene and gene-environment interactions.
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Diabetes is one of the most prevalent 4 million deaths reported in 2017. ! India is facing
chronic metabolic disease causing adult deaths epidemic of diabetes with high prevalence in urban
globally in developed and developing countries with ~ areas. With an estimated 65 million diabetes cases in
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2016, treatment and management of diabetic cases
puts a lot of burden on the nation's economy and is
a deterrent to its progress. 2 The recent advances in
technology have contributed to our understanding
of genetic, epigenetic and environmental factors
that influence the development of this multi-
factorial disease.® Earlier reports on the heredity
of T2DM indicated that individuals have 40
% or 70 % possibility of developing T2DM
when one or both of their parents have T2DM,
respectively. * Some of the newly reported variants
have yet to be elucidated about their impact
on the progression of diabetes such as genes
involved in the triglyceride metabolism including
apolipoprotein A5 (APOAS) and lipoprotein lipase
(LPL). 5 These two genes normally lower the
triglyceride content in blood and help in regulating
the secretion of insulin by controlling deposition
of triglycerides which may lead to obesity. &’
Triglycerides are transported from liver through
blood in the form of lipoproteins which consist of
triglycerides, cholesterol, cholesterol esters, and
apolipoproteins. Apolipoproteins act as structural
members of lipoproteins to package the insoluble
triglycerides and other lipids. Apolipoprotein B is
the most abundantly found apolipoprotein. Other
important apolipoproteins include Apolipoprotein
CII which acts as an activator for lipoproten lipase
enzyme and initiates lipolysis of triglycerides.
Apolipoprotein AV has a stimulatory effect
on the activty of lipoprotein lipase and helps
lower plasma triglyceride levels. On the other
hand, Apolipoproten CIII inhibits activity of
lipoprotein lipase and causes increase in plasma
triglyceride level. As such, ApoCIII and ApoAV
act antagonistically to regulate blood triglyceride
level .®

The gene cluster at 11q23 was reported
to be involved in lipid transport from liver to
various organs, metabolism of triglycerides and
transport of free fatty acids. Lipids in the form
of triglycerides, cholesterol, cholesterol esters
being insoluble; are solubilized by apolipoproteins
along with phospholipid monolayer assembled in
a globular structure. Apolipoprotein B is the most
abundant apolipoproteins present in HDL closely
associated with cholesterol. Apo Al lipoproteins
are found in chylomicrons, VLDL, HDL. Apo Al
proteins have hydrophobic surface that interact
with lipids and a hydrophilic end that interacts
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with aqueous environment. ApoA IV is secreted
along with chylomicrons and transferred to HDL
in plasma. Apo CII initiates or triggers the activity
of lipoprorotein lipase to catabolise triglycerides
present in chylomicrons and VLDL. Apo CIII
inihibits the lipolytic activity of lipoprotein lipase
leading to increase in the plasma triglyceride
content. *!* Apo AV is present in chylomicrons/
VLDL/ HDL at low concentrations but has a
stimulatory effect on the activity of lipoprotien
lipase leading to decrease in plasma triglyceride
content and greater production of free fatty acids
from triglycerides.  In-vivo studies on adenovirus-
mediated over-expression of ApoAV in mice,
indicated that Apo AV lowers VLDL-triglyceride
content in a dose-dependent manner without
affecting VLDL production. The report suggested
arole of Apo AV in the liquidation of ApoB which
affects the further assembly of VLDL. The other
mechanism by which it lowers plasma VLDL-TG
was by stimulating the activity of LPL. However,
the study does not report any influence on the
expression of lipid metabolism pathway genes.'!
Although free APOAS is found in the plasma, a
fraction of it is also localized in the membrane
of epithelial cells and intracellular compartment.
1213 Several knockout studies have linked lower
presence of triglycerides with increased activity of
APOAS5. ' Single nucleotide polymorphisms in
the promoter and coding regions of APOAS gene
have been reported to be associated with abnormal
triglyceride blood levels and Type 2 diabetes
mellitus (T2DM) among Asian populations such
as Chinese, Japanese, Indian, and Pakistani.
1621 Although 15662799 is located in the non-
coding region, a study has proposed that the SNP
generates a mictoRNA (microRNA 3201) binding
spot that leads to lower expression of ApoAV and
subsequent lower activity of lipoprotein lipase.
Due to the reduced lipolytic activity, free fatty
acids captured from chylomicrons/VLDL would
reduce. Other explanation for this association of
SNP with reduced lipolysis is that, the SNP might
be in linkage disequilibrium with other SNP/
haplotype that directly affects the lipolytic activity
of lipoprotein lipase which leads to lower the free
fatty acid production from chylomicrons/VLDL.*

The activity of Lipoprotein lipase (LPL)
dictates the rate of triglyceride metabolism pathway
and is activated by APOAS. 2 LPL gene is located
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on chromosome 8p22 and expressed as a 448 amino
acid long protein. ®?* Lipoprotein lipase is expressed
in the sub-endothelial space and dimerizes into
its active form. Glycosylphosphatidylinositol
(GPI)-anchored high-density lipoprotein— binding
protein 1 (GPIHBP1) binds to LPL, stabilizes its
structure and anchors it in the capillary lumen. It
then interacts with chylomicrons and VLDL to
hydrolyze the triglycerides into free fatty acids
leading to decrease in plasma triglycerides and
increase in HDL. The anchoring of LPL enables
its interaction with triglycerides of chylomicrons,
VLDL and with catalytic apolipoproteins. ** The
activity of LPL is initiated by Apo CII and its
activity is significantly increased by Apo AV. Apo
CIII inhibits the activity of LPL leading to increase
in plasma triglycerides. Earlier, the importance of
anchoring/ localization of LPL were studied with
injecting heparin which leads to sudden release of
LPL in the blood. This lead to a subsequent drop
in blood plasma levels of triglycerides followed by
an increase due to exhaustion of expressed LPL.

The resulting free fatty acids taken
up by cells are either utilized for synthesis of
triacylglycerol derivatives or stored as ‘lipid
droplets’. 26 Several gain-of-function mutations
in LPL have been associated with lower plasma
triglycerides, confirming its role in triglyceride
metabolism. 2* Interestingly, several SNPs were
identified in the introns and exons of LPL gene and
were reported to be associated with triglyceride
levels and T2DM in Mongolian, Russian, Brazilian
populations but no association was reported in
Chinese population. -*° Considering these varying
reports of association of SNPs in APOAS and
LPL genes with T2DM, it is imperative to study
this association among rural population of south
western Maharashtra.

MATERIALS AND METHODS

Sample Collection

Clinically diagnosed T2DM patients
visiting the Out-patient department and In-patient
department of Department of Medicine at the
Krishna Hospital and Medical Research Centre,
Karad (KHMRC) were enrolled in the study.
Patients were classified into obese and non-
obese (number of subjects = 120 in each group)
depending o their body mass index (BMI). 120
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non-obese non-diabetic subjects were enrolled as
control group from the same institute.
Exclusion criteria

Subjects currently using hypolipidemic
drugs and known cases of hypothyroidism,
hyperthyroidism, tuberculosis, malignancy,
pregnancy, Cushing’s syndrome were excluded
from the study. The patients and controls were
explained about the study and upon receiving their
informed consent, 3 ml whole blood was collected
in EDTA-containing vacutainer.

Genomic DNA extraction

Following the provided manufacturer’s
instructions, genomic DNA was extracted with
blood DNA extraction kit (Make: Qiagen). The
blood and DNA samples were stored at -80 °C until
required.

Polymerase Chain Reaction — Restriction
Fragment Length Polymorphism (PCR-RFLP)
analysis

Apolipoprotein AS (SNP rs3135506)

Genotyping of APOAS (rs3135506) was
performed by PCR-RFLP method using appropriate
PCR and RFLP conditions represented in
Table 1. 157 bp PCR product was digested with
Taql restriction enzyme and analyzed on 3 %
agarose gel. The restriction digestion yielded
homozygous wild-type genotype fragments were
134 bp and 23 bp, homozygous variant-type
genotype was undigested (157 bp); while the
heterozygous genotype was digested into 157 bp,
137 bp, 23 bp fragments. *'

Apolipoprotein AS (SNP rs662799)

Genotyping of APOAS (rs662799) was
performed by PCR-RFLP method using appropriate
PCR and RFLP conditions represented in Table 1.
154 bp PCR product was digested with Msel and
analyzed on 3 % agarose gel. The homozygous
wild-type genotype fragments were 133 bp and
21 bp, homozygous variant-type genotype was
undigested (154 bp); while the heterozygous
genotype was digested to yield 154 bp, 133 bp, 21
bp fragments. 3!

Lipoprotein lipase intron 6 (SNP rs285)

Genotyping of LPL (1s285) was performed
by PCR-RFLP method using appropriate PCR and
RFLP conditions represented in Table 1. 201 bp
PCR product was digested with Pvull and analyzed
on 3 % agarose gel. The homozygous wild-type
allele was undigested (201 bp), homozygous
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variant-type genotype fragments were 160bp
and 41 bp; while the heterozygous genotype was
digested into fragments of 201 bp, 140 bp and 61
bp. 2
Lipoprotein lipase intron 8 (SNP rs320)
Genotyping of LPL (rs320) was performed
by PCR-RFLP method using appropriate PCR and
RFLP conditions represented in Table 1. 176
bp PCR product was digested with HindIII and
analyzed on 3 % agarose gel. The homozygous
wild-type genotype fragments were 116 bp and 60
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bp, homozygous variant-type allele was undigested
(176 bp); while the heterozygous genotype was
digested into fragments 176 bp, 116 bp and 60 bp.
32
Validation of test results

Validation was done by blinded study
where the results of analysis of PCR-RFLP were
analyzed by expert other than the person who
performed the test. All the results were replicated
thrice and hence the results of the study were
validated. The obtained RFLP data was analyzed
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Fig.1. Illustration showing antagonistic activity of ApoAS and ApoC3 in maintaining triglyceride plasma level.
(Image courtesy Dai)®

Capillary Lumen

Subendothelial Space

Fig. 2. Illustration of expression of LPL, dimerization and anchoring of LPL to endothelial cells and its
interaction with chylomicrons in capillary lumen. (Image courtesy Horton) '
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Table 1. Details of PCR and RFLP conditions used for SNP analysis

Sr. No. Gene Primers PCR conditions RFLP
conditions
95 °C for 5 minutes (min); 30
| |Apolipoprotein A5 | - Forward Primer 5’ GGCTCTTCTITCAGGTGGGICTCCG 3 Reverse (?)Jd;;f(f:?:f ;’)f:';zocz“;z‘fs Taql at 65 °C
(rs3135506) Primer 5' GCCTTTCCGTGCCTGGGTGGT 37 (157 bp) s final extension of 72 °C for for 16 hrs
10 min
95 °Cfor 5 min; 35 cycles of
5 Apolipoprotein A5 | Forward Primer 5' GGAGCTTGTGAACGTGTGTATGAGT 3", Reverse | 95°Cfor 30 s, 60 °C for 1:30 | Mselat 65 °C
(rs662799) Primer 5 CCCCAGGAACTGGAGCGAAATT 37 (154 bp) min, 72 *Cfor 1:30 min; final for 16 hrs
extension of 72 °Cfor 10 min
95 °Cfor 5 min; 35 cycles of
3 Lipoprotein lipase | Forward Primer 5' GGGTTTTGCTTAATTCTCAATTCAATG 3, Reverse | 95 °Cfor 30 s, 57°Cfor 30 s, | Pvull at37°C
intron 6 (rs285) Primer 5' AGCTGCTTTAGACTCTTGTCCAGGT 3' (201 bp) 72 °Cfor 30 s; final extension for 16 hrs
of 72 °Cfor 10 min
95 °Cfor 5 min; 35 cycles of
4 Lipoprotein lipase Forward Primer 5' AGCCCCACCCATGTGTACCCATAA 3' Reverse 95°Cfor 30 s, 57 °Cfor 30 s, |HindIII at 37 °C
intron 8 (rs320) Primer SGTGATACAAGCAAATGACTAAAGAGAA 3'(176 bp) 72 °Cfor 30 s; final extension for 16 hrs
of 72 °Cfor 10 min

(A) Apo A5 (1s662799)

(C) LPL (15320)

154 bp
133 bp

176 bp
116 bp

60bp

(B) Apo AS (rs3135506)

(D) LPL (1s285)

134 bp

201 bp
160bp

41bp

Fig. 3. Representative agarose gel image showing nucleotide polymorphism by PCR-RFLP of (A) Apolipoprotein
AS (rs662799) Lane 1: 50 bp ladder, lane 2: Uncut PCR product, lane 3,4,6,7: WT genotype, lane 8: HT
genotype, lane 5: VT genotype) (B) Apolipoprotein AS (rs3135506) (Lane 1: 50 bp ladder, lane 2: Uncut PCR
product, lane 5,6,7: WT genotype, lane 3,4,8: HT genotype, lane 9: VT genotype) , (C) Lipoprotein lipase (rs320)
(Lane 1: 100 bp ladder, lane 2: Uncut PCR product, lane 5,6,7,8,9: WT genotype, lane 3,4: HT genotype, lane
10: VT genotype) (D) Lipoprotein lipase (rs285) (Lane 1: 50 bp ladder, lane 2: Uncut PCR product, lane 10: WT
genotype, lane 4,9: HT genotype, lane 3,5,6,7,8: VT genotype)
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to see the genetic association by different software
to confirm the significance of the results which are
represented in Figure 3.
Statistical analysis

The demographic features of the study
population of the three groups were tested with Chi-
square test with the help of Instat software (Make
Graphpad version 3.06). p < 0.05 was considered
statistically significant. The allelic distribution
of genes was studied by performing analysis of
variance (ANOVA) and binary logistic regression
analysis (Odds’ ratio (OR) and adjusted Odds’
ratio) using SPSS Statistics software (Make IBM
version 20).

RESULTS AND DISCUSSION

Two pathological changes that determine
onset of T2DM namely increased insulin resistance
and decreased insulin secretion is influenced
by variety of factors including environmental
factors, and genetic factors. Dysfunctional lipid
metabolism leads to increase in adipose tissue
storage and eventually obesity. *35 APOAS and
LPL represent major factors in the hydrolysis of
triglycerides in the form of chylomicrons, low-
density lipoprotein plasma and the way they are
transported into the cells and stored. * Changes
in the normal functioning of these metabolic
proteins may lead to increase in free fatty acids
in the blood which ultimately leads to insulin
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resistance or loss of insulin sensitivity in tissues
which may contribute to progression of T2DM.
2431 Hence, the study of association of genetic
polymorphism of APOAS and LPL genes with
T2DM may provide clues to the possibility of SNPs
being used as biomarkers for prediction of this
disease state. *7 Apolipoproteins associated with
lipoproteins of various types such as chylomicrons,
VLDL, LDL, and HDL have varied functions.
Apolipoproteins B are important for the structural
integrity of lipoproteins. Apolipoprotein C2
activates lipoprotein lipase which is anchored to
endothelial cells via GBIHBP1. Apolipoprotein
C3 inhibits the triglyceride hydrolytic activity of
lipoprotein lipase. On the other hand, APO AS is
present in very less concentration in the blood and
has a stimulatory role towards lipoprotein lipase.
Thus, APO AS and APO C3 regulate the activity
of lipoprotein lipase and help maintain plasma
triglyceride level.'® APO E is also associated
with the formation of VLDL and chylomicrons.
This apolipoprotein gene cluster present has
been associated with triglyceride metabolism
through various genome wide association studies
(GWAS).*® GWAS have reported rs662799 to be
more closely related to triglyceridemia in Asians
and rs331506 to be strongly associated in European
population. The ‘Triglyceride Coronary Disease
Genetics Consortium and Emerging Risk Factors
Collaboration’ conducted plasma triglyceride
association study with rs662799 and found that

Table 2. Genotype frequencies of APOAS and LPL genes polymorphisms in non-obese diabetic and control

groups
Gene Genotype Control Non-obese | Chi- pvalue Odd's ratio (95 % pvalue Adjusted Odd's ratio pvalue
iy diabetic | squared CIL) (95 % ClL)

Wild Type | 35 (29.2%) | 57 (47.5%) 1 1
Apo_Taql_|Heterozyzous| 83 (69.2%) | 63 (52.5%)| 10 | 0.007 | 0.46 (0.27-0.79) | 0.007 | 0.398 (0.22-0.722) | 0.002
rs3135506 | Varient Type | 2 (1.7%) 0 - -- -

Non-wild [ 85 (70.8%) |63 (52.5%)| 8.531 | 0.03 0.45 (0.26-0.77) | 0.005 | 0.359 (0.201-0.644) | 0.001

Wild Type | 83 (69.2%) | 60 (50%) 1 1
Apo_Msel [Heterozyzous| 33 (27.5%) [ 53 (44.2%)| 9.7 [ 0.001 | 2.22(1.28-3.84) | 0.006 | 2.69 (1.48-4.89) | 0.001
_rs662799( Varient Type | 4(3.3%) | 7 (5.8%) 2.42(0.67-8.64) | 0.28 | 3.493 (0.802-1522) | 0.096

Non-wild | 37 (30.8%) | 60 (50%) | 9.153 | 0.002 | 2.24(1.32-3.8) | 0.003 | 2.510 (1.438-4.413) | 0.001

Wild Type |41 (34.2%) |26 (21.7%) 1 1
LPL_i6_Pv [Heterozyzous| 55 (45.8%) [ 61 (50.8%)| 3509 |[0.078 | 1.74(0.95-322) | 0.1 | 1.417(0.692-2.903) | 0.341
ull_rs285 | varient Type | 24 (20%) |33 (27.5%) 2.16 (1.05-4.45) | 0.052 | 1.417 (0.602-3.337) | 0.425

Non-wild | 79 (65.8%) | 94 (78.3%) 4.66 0.031 1.87 (1.05-3.33) 0.04 | 1.885 (0.986-3.605) | 0.055

Wild Type | 47 (39 2%) | 70 (58.3%) 1 1
LPL_i8_Hin|Heterozygous| 57 (47.5%) | 48 (40%) | 16.18 [<0.001| 0.56 (0.33-0.96) 0.04 [ 0.611(0.338-1.104) | 0.103
dlll_rs320 [ Varient Type | 16 (13.3%) | 2 (1.7%) 0.083 (0.018-0.38) | 0.003 | 0.084 (0.016-0.441) | 0.003

Non-wild | 73 (60.8%) |50 (41.7%)| 882 | 0.03 | 0.45(0.27-0.77) | 0.005 | 0.523 (0.298-0.918) | 0.024
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presence of one minor allele increased plasma
triglyceride levels by 0.25 mmol/L. The other
Apo A5 SNP rs331506 has not been found to be
significantly associated in clinical studies among
African, European and Asian population.® Variants
in Apo E are associated with disturbed triglyceride
metabolism arising from reduced hepatic binding,
uptake and catabolism of chylomicron and VLDL
remnants.*® LPL SNPs rs285 and rs320 have been
found to be associated with hypertiglyceridemia
as part of haplotypes rather than individual
SNPs among Mexican Americans. However,
no association was found in Saudi Arabian
population. A Canadian study reported rs320
to be associated with dyslipidemia in patients
with high visceral adipose tissue. The European
Atherosclerosis Research Study reported that the
rs285 SNP was in strong linkage disequilibrium
with another functional SNP (rs328) which leads
to lower triglycerides and higher amount of free
fatty acids in the blood. *#' Besides the study of
genotype distribution in control and patient groups,
it is also important to study their demographic
characteristics.

The demographic features of the patients
and control group were analyzed using Chi-square
test. Some of the demographic factors which were
differently distributed among patient and control
groups included economic status, education,
family history of diabetes, tobacco and alcohol
consumption. Additionally, sedentary lifestyle
and associated disorders such as hypertension and
coronary heart disease were significantly more in
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T2DM patients. These factors have been reported
earlier to contribute to obesity and mutagenesis
leading to progression of T2DM. 33735394243 The
genotype frequency of APOAS and LPL genes
among control and non-obese diabetic group were
as mentioned in table 2.

When we studied APOAS gene SNPs
rs3135506 and rs662799, we observed that the
distribution of rs3135506 was significantly
different among control and non-obese diabetic
patients and the heterozygous genotype was found
to be negatively associated with T2DM in non-
obese patients (OR 0.46(0.27-0.79), p = 0.007).
This observation showed that the heterozygous
genotype provides protective action against
development of T2DM among non-obese diabetic
subjects. Similarly, rs662799 of Apolipoprotein AS
was also found to be associated with occurrence
of T2DM in non-obese diabetic patients (OR
2.22 (1.28-3.84), p = 0.006). This suggests that
the presence of heterozygous genotype may be
associated with occurrence of T2DM among non-
obese individuals. Likewise, the LPL rs285 was
similarly distributed among control and non-obese
diabetic patients. The LPL rs320 was differently
distributed among control and non-obese diabetic
patients but was not associated with occurrence
T2DM. The genotype frequency of APOAS and
LPL genes among control and obese diabetic group
were as mentioned in table 3.

The APOAS (rs3135506) was found to
be differentially distributed among control and
obese diabetic groups; moreover, the heterozygous

Table 3. Genotype frequencies of APOAS and LPL genes polymorphisms in obese diabetic and control groups

Gene Genotype Control Obese Chi- p value 0Odd's ratio (95 % p value Adjusted Odd's ratio pvalue
diabetic  |squared Cl) (95 % ClL.)

Wild Type | 35 (29.2%) | 112 (93.3%) 1 1
Apo_Taql_|Heterozygous| 83 (69.2%) | 8 (6.7%) | 104.4 |<0.001] 003 (0.01-0.06) |<0.001| 0.027 (0.011-0.065) |<0.001
rs3135506 | Varient Type | 2(1.7%) 0 ~ ~ ~

Non-wild | 85(70.8%) [ 8 (6.7%) 104 | <0.001] 0.029 (0.012-0.06) [<0.001] 0.026 (0.011-0.062) |<0.001

Wild Type | 83 (69.2%) | 64 (533%) 1 1
Apo_Msel |Heterozygous| 33 (27.5%) | 42(35%) | 9.00 | 0.011 | 1.7(0.97-299) | 0.085| 2.556(1.129-5.787) | 0.024
1662799 | Varient Type | 4(3.3%) [ 14 (11.7%) 4.68 (1.47-14.93) | 0.01 | 4.985(0.985-25.245) | 0.052

Non-wild | 37 (30.8%) | 56 (46.7%) | 6.338 | 0.012 | 2.02(1.19-3.44) | 0.01 | 2.811(1.324-5.971) | 0.007

Wild Type | 41(34.2%)| 25 (20.8%) 1 1
LPL_i6_Pvu|Heterozygous| 55 (45.8%) | 57 (47.5%) | 7.076 | 0.029 1.7 (0.91-3.16) 0.12 1.842 (0.74-4.585) | 0.189

Il_rs285 | Varient Type| 24(20%) | 38 (31.7%) 239(1275.29) | 0.01 | 2.086(0.755-5.761) | 0.156

Non-wild | 79 (65.8%) | 95 (792%) | 5.35 | 0.021| 197(1.1-3.5) | 0.03 | 2242(1.012-4.97) | 0.047

Wild Type | 47 (39.2%) | 53 (44.2%) 1 1
LPL i8_Hin|Heterozygous| 57 (47.5%) | 61 (50.8) | 5.041 | 0.08 [ 094 (0.55-1.1.61) | 0.95 | 1.241 (0.593-2.595) | 0.566
dill_rs320 | Varient Type | 16 (13.3%) | 6 (5%) 033 (0.12-0.91) | 0.03 | 0.726 (0.157-3.365) | 0.682

Non-wild | 73 (60.8%) | 67 (55.8%) | 0.617 | 0.43 | 0.81(048-1.36) | 0.51 | 1.182(0.58-2.408) | 0.646
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genotype was negatively associated with occurrence
of T2DM (OR 0.03 (0.01-0.06) p < 0.001). This
suggests that the heterozygous genotype may
provide protection against development of T2DM
among obese subjects. 15662799 was also found
to be differently distributed among control and
obese diabetic groups and the variant genotype
was associated with development of T2DM (4.68
(1.47-14.93) p=0.01). It is possible that this variant
genotype was associated with development of
T2DM in obese diabetic patients. The LPL rs285
was found not to be associated with occurrence
of T2DM in obese diabetic group. The LPL rs320
was similarly distributed among control and obese
diabetic groups.

Polymorphisms in the 5’ promoter, coding
and 3” UTR have been reported across various
populations with varying frequency. The SNP
-1131T>C (15662799) is associated with increased
plasma triglyceride levels and the minor allele
-1131C is reported in 15 % of Caucasians and
as high as 40 % in Asian population. The other
important SNP (rs3135506) C56G leads to lower
secretion in the plasma and higher triglyceride
levels. The frequency of minor allele of rs3135506
is about 12 % in Caucasian and African population,
2% in Asians and as high as 25 % in Hispanic
population. Apart from these important SNPs,
A-3 > G, IVS+476 GAA and T1259 > C have
been reported but are not associated with changes
in triglyceride levels. Another SNP (r52075291)
G553T has been reported in coding region.
Its minor allele frequency is extremely low in
Caucasian, African, Hispanic population and about
5 % in Asian population.”'*# Since polymorphism
of Apo AV is associated with plasma triglyceride
levels, it is possible that it may affect obesity/
weight changes. Some studies claim that rs662799
may help in weight loss after lower consumption of
fat-rich diet or after physical exercise. Howerver,
contradictory statements have also been made
and the heterogeneity in selected study subjects
and intervention from these studies are too varied
to arrive at a conclusion. /n-vivo studies have
proposed that the association of rs662799 with
hypertriglyceridemia may be due to formation of a
microRNA binding site on the transcribed mRNA
which may lead to lower secretion of the protein.
Another study performed on human subjects
reported that SNP along with methylation pattern
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of Apo A5 exons together affect the triglyceride
level.** The rs662799 located in the promoter
region of the APOAS gene has been associated
with elevated levels of triglycerides, cholesterol
in the plasma of patients from Chinese, Japanese,
Korean and Caucasian populations. '*'? The
association of 1s662799 and T2DM has also been
reported in Asian population including Chinese,
Korean, Japanese, Indonesian, Pakistani, Indian
population in a meta-analysis study. ! However,
no such association was observed in Croatian and
other European populations. 245 Other studies
have linked this SNP with coronary heart disease,
acute myocardial infarction, and atherosclerosis in
Czech, Spanish populations indicating its important
function in triglyceride metabolism “4’. Although
APOAS is found in extremely low levels in plasma,
its stimulatory effect on lipoprotein lipase leads to
faster hydrolysis of triglycerides in chylomicrons
and VLDL. It has also been proposed to lower
secretion of VLDL from liver. SNPs in the promoter,
exon, and 3” UTR regions have been reported to
be associated with increased triglyceride levels in
plasma among various populations. In the promoter
region, SNP rs662799 has been reported in various
studies to be associated with hypertriglyceridemia
in Caucasian population with reproducible results.
Additionally, this SNP was also reported to be
associated with hypertriglyceridemia in European
and Chinese populations. In vivo study has reported
that the reason behind this association may be
post-transcriptional inhibition of APO A5 mRNA
by micro-RNA or it may be because this SNP is in
linkage disequilibrium with some other SNP which
is directly associated with plasma triglyceride
level. SNP rs3135506 causes a missense mutation
at amino acid 19 position and may lead to a
change in the signal peptide which results in lower
extracellular secretion of APOAS from hepatic
cells. 2% This SNP has also been reported to be
strongly associated with hypertriglyceridemia
among Hispanics. However, its association among
Asian, Caucasian, and African population is not
consistent among various reports. Further, this
association may be sex-dependent which adds
to the heterogeneity of studied subjects. Another
SNP located in the 3 UTR region (rs2266788)
was found to be in linkage disequilibrium with
1s662799 and was reported to be associated with
hypertriglyceridemia among Korean and Kuwaiti
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populations. *** Many studies have reported
association of this SNP with obesity, coronary
artery disease, acute myocardial infarction. ' The
association between rs315506 with T2DM has been
reported for Polish population but no association
was found in Tunisian and English studies. >33
In case of LPL gene, rs285 indicates
the transition of cytosine to thymine in intron
6 and rs320 indicates the transition of guanine
to thymine in intron 8. Such intronic sites often
contain regulatory elements for expression of
genes and mutations in these sites may have
effects on the normal expression and function of
genes. ** rs285 SNP was reported to be associated
with hypertriglyceridemia and coronary heart
disease. ***¢ A Chinese study failed to find any
association between rs285 and T2DM, while a
Mongolian study reported this to be a causative
factor for T2DM. #’*° rs320 SNP was reported to
be associated with hypertriglyceridemia and T2DM
among Russian and Mexican population. %%
Similar studies in Saudi and Chinese Han patients
failed to report any association with development
of T2DM. 3*7 Another interesting study among
Polish and Russian athletes showed that rs320
SNP has variable phenotypic effects of T2DM
depending on the type and intensity of physical
activity. Thus, current study sheds light on the
association of variant genotypes of APOAS and
LPL genes with development of T2DM among
rural population of south western Maharashtra.

CONCLUSION

When we correlated our results with other
reports, we observed rs3135506 of APOAS had a
negative association with T2DM and rs662799
had a causative effect with T2DM with both
obese and non-obese individuals. Though these
SNPs show positive and negative associations
towards development of T2DM, their phenotypic
expressions are influenced by physical activity,
interaction with other genes and environmental
factors. Since T2DM is a polygenic disorder, we
need to investigate a larger study population or
cohort to assess our findings.
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