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Abstract
Objective Single-nucleotide polymorphism (SNP) in Paraoxonase 1 (PON1) and scavenger receptor class b member 1 (SRB1)
gene has been associated with impairing high-density lipoprotein (HDL) functionality as an antioxidant and shown to diminish
ability of PON1 in cholesterol homeostasis. Several studies found that SRB1 and PON1 polymorphism increases T2DM risk.
Our study aimed to investigate the association and susceptibility of polymorphic variants in SRB1 rs9919713 and PON1 rs662
with type 2 diabetes mellitus.
Methods In the present case-control study, 250 type 2 diabetes mellitus patients (T2DM) and 250 healthy volunteer were
recruited. The genotypes of PON1 and SRB1 were determined by using polymerase chain reaction-restriction fragment length
polymorphism (RFLP-PCR) technique, and biochemical analysis was done using standard protocol.
Results C and R alleles showed significant association with T2DM susceptibility with an odds ratio of 1.42 (p < 0.005) and 1.40
(p < 0.007), respectively. The frequency of CC and RR genotype was significantly higher in T2DM patients compared with
healthy controls. Furthermore, CC and RR genotypes were significantly associated with higher LDL and low HDL levels.
Additionally, no other significant association was observed.
Conclusions We conclude that the PON1 and SRB1 gene polymorphisms may probably surrogate biomarkers for T2DM
susceptibility.
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Introduction

International Diabetes Federation (IDF) estimates that the
number of diabetes patients in India had increased doubled
from 19 million in 1995 to 40.9 million in 2007 [1] and
projected to increase up to 69.9 million by 2025. Diabetes
mellitus also known as non-insulin dependent diabetes
mellitus is a complex metabolic disorder in which pancreatic
beta cells become dysfunctional and cause insulin resistance
or decreased production of insulin [2]. Previous genetic

studies show that > 25 mutants are associated with type 2
diabetes mellitus, and preponderance is from coding and non-
coding region which modulates insulin secretion [3, 4].

PON1 gene clustered on chromosome 7q21.3–22.1 is HDL
associated enzyme composed of 354 amino acids with molec-
ular weight of 43 KDa secreted primarily in the liver and non-
steroidogenic tissues [5]. PON family is known to inhibit LDL
oxidative modification and prevents the buildup of oxidized
LDL by elevating cholesterol efflux [6]. It has been suggested
that PON1 utilizes VLDL as a passageway to get into HDL.
Low activity may confer increased risk of type 2 diabetes by
impairing the ability of HDL to inhibit LDL oxidation, and
gene variations found to decrease the ability of HDL to com-
pel cholesterol efflux from macrophages and reverse choles-
terol transport from peripheral tissues [7, 8]. Previous genetic
studies show PON1 association with diabetes [9].
Polymorphism in R192Q shows the protective effect of
HDL against LDL oxidation. 192QQ homozygous is most
valuable in inhibiting the accumulation of lipid peroxides on
LDL [6, 10].
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The SRB1 gene has been located on chromosome 12 cov-
ering a region of 75 kb comprising 13 exons. The gene en-
codes a receptor protein of nearly 80 kDa, whose weight can
differ based on its amount of glycosylation [11]. SRB1mainly
functions as a receptor of HDL and loss of hepatic SRB1 leads
to compositional changes in HDL including increased
sphingomyelin, which markedly reduces the ability of LCAT
to bind HDL leading to accumulation of toxic-free cholesterol
(FC) in HDL, resulting in reduced cholesterol efflux capacity
and reverse cholesterol transport RCT.

The present study was designed to investigate the association
and susceptibility of polymorphic variants in SRB1 rs9919713
and PON1 rs662 with type 2 diabetes mellitus. These polymor-
phisms have been studied previously in different geographical
region, but since the impact of polymorphisms on disease risk is
known to differ from population to population, the effects of
these polymorphisms on T2DM risk remained poorly under-
stood among the Indians. There were a few previous studies on
the association of PON1 polymorphisms with T2DM risk in the
Indian population, but these studies had small sample sizes and
thus were underpowered. The present work was also the first
study to investigate the association of SRB1 rs9919713 polymor-
phism and T2DM susceptibility among Indians.

Material and methods

Subject selection

This population-based case control study included a total of
500 subjects recruited randomly fromMay 2015 to June 2016
with matched on age and ethnicity from out-patient
Department of Medicine, King George’s Medical University.
Overall 250 T2DM subjects and 250 control subjects were
recruited. Survey related to demographic details and family
history of diabetes was attained from each subject. Body mass
index (BMI) was calculated as the weight in kilogram divided
by meter square of height. The entire group of patients recruit-
ed was informed regarding aim of the study, and written con-
sent was obtained from each subject. Blood samples were
taken from both the groups which were used for genotyping
and biochemical analysis. A case for the present study was
defined as a diagnosed case of type 2 diabetes mellitus with no
medical history of cardiovascular or cerebrovascular diseases,
cancer, and chronic renal, liver, heart disease. The inclusion
criteria for the control subjects were the following; no history
of diabetes mellitus and fasting plasma glucose is less than
110 mg/dL and HbA1c levels ≤ 5.8%.

Diagnostic criteria for type 2 diabetes

T2DM subjects were diagnosed on the basis of fasting blood
sugar (FBS ≥ 126) and glycated hemoglobin (HbA1C ≥ 6.5%)

level. Diagnosis and classification of diabetes was based on
the guidelines of American Diabetes Association (ADA) [12].

Ethical clearance

Ethical consent was approved by institutional ethics commit-
tee’s KGMU, Lucknow (Ref. Code: 71 ECM II B Thesis/P 13).

Biochemical examination

Biochemical parameters analysis of very low-density lipopro-
tein (VLDL) was determined by enzymatic method. Low-
density lipoprotein (LDL) cholesterol levels were calculated
by using the Friedewald formula [13]. Serum total cholesterol
(TC), serum triglyceride (TG), and high-density lipoprotein
(HDL) levels were assessed by XL-300 Transasia fully auto
analyzer. HbA1c was measured using a semi auto analyzer
(Transasia).

Blood sample collection

About 5 mL of venous blood was withdrawn under aseptic
precautions after fasting for 10 h and distributed as follows:
2 mL of whole blood was put into EDTA vials (BD
Vacutainer® spray-coated) mixed up and down gently and then
used to measure the HbA1c and for isolation of genomic DNA.
About 1 mL of whole blood was put into Na fluoride serum test
tubes and centrifuged at 1500 rpm for 10 min. The separated
serum was used for the assay of fasting blood sugar. About
2 mL of blood was placed in a plain tube without anticoagulant,
and the tubes were left till coagulation. After coagulation, sam-
ples were centrifuged at 1500 rpm for 15 min. The separated
serum was used for the assay of lipid profile.

DNA extraction

Genomic DNA from whole blood was isolated using a stan-
dardized phenol/chloroform extraction method [14].The
quantity and quality of DNA were checked by UV spectro-
photometry on a NanoDrop spectrophotometer and 0.8% (w/
v) agarose gel electrophoresis, respectively.

Analysis of polymorphism

SRB1

The SRB1 rs9919713 polymorphism was analyzed by PCR
followed by RFLP technique. Genomic DNA was amplified
using the following PCR conditions: 95 °C for 5 min followed
by 30 cycles of 95 °C for 40s, 64 °C for 38 s, 72 °C for 45 s,
and final extension at 72 °C for 7 min with specific SRB1
gene forward primer 5’-CCTTGTTTTTCCTCGACGC-3′
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and reverse primer 5-'CACCACCCCAGCCACCAGC-3′.
Amplification was performed with 25 μL PCR reaction mix-
ture containing 1.2 μL template DNA, 10 pmol of each prim-
er, and 2X PCR master mixes (Thermo Scientific). The am-
plified 218 PCR product was digested with 1 U of restriction
enzyme AgsI after incubation at 63 °C for 3 h and separated
on 2% agarose gel in 1X TBE (Tris/Borate/EDTA) buffer by
ethidium bromide staining and visualized under UV light by
BIORAD gel doc system (Bio-Rad Laboratories, Inc.). As
marker, 1 Kb DNA ladder was used. Thus, results demonstrate
that in the case of SRB1 rs9919713 polymorphism, TT geno-
type is wild homozygote for the absence of the site (218 bp),
CT genotype is heterozygote for the presence and absence of
the site (218 and 187, 31 bp), and CC genotype is variant
homozygote for the presence of the site (187 and 31 bp) Fig. 1.

PON1

The PON1 rs662 polymorphism was analyzed by following
PCR conditions: 93 °C for 5 min followed by 30 cycles of
93 °C for 40s, 56 °C for 38 s, 71 °C for 45 s, and final extension
at 73 °C for 7 min with specific PON1 forward primer 5’-
AAACCCAAATACATCTCCCAGAAT-3′ and reverse primer
5’-GCTCCATCCCACATCTTGATTTTA-3′. Amplification
was performed with 25 μL PCR reaction mixture containing
1.2 μL template DNA, 10 pmol of each primer, and 2X PCR
master mixes (Thermo Scientific). The amplified PCR product
was digested with 1 U of restriction enzyme Hinf1 after incu-
bation at 39 °C for overnight and separated on 2% agarose gel
in 1X TBE buffer by ethidium bromide staining and visualized
under UV light by Bio-Rad gel doc system (Bio-Rad

Laboratories, Inc.). The results demonstrate that in the case of
PON1 rs662 polymorphism, QQ genotype is wild homozygote
for the absence of the site (214 bp), QR genotype is heterozy-
gote for the presence and absence of the site (214 and 190,
24 bp), and RR genotype is variant homozygote for the pres-
ence of the site (190 and 24 bp) Fig. 2.

Statistical analysis

Demographic and clinical data are reported as mean ± stan-
dard deviation (SD). Statistical comparisons between group
means were analyzed using Mann-Whitney U test.
Associations of genotypes with lipid parameters were ana-
lyzed by one-way ANOVA test. Association of PON1 and
SRB1 genotypes with T2DM was done by odds ratio calcula-
tion. Allele and genotype frequencies were calculated by gene
counting method. Observed genotype frequencies were com-
pared with the expected frequency to confirm for Hardy-
Weinberg equilibrium by Chi-square (χ2) tests. p < 0.05 was
considered significant. Statistical analysis was carried out
using Statistical Program for Social Sciences (SPSS)
version-19 (IBM SPSS Statistics, USA).

Results

Clinical and biochemical parameters as shown in Table 1 are
compared to healthy control. No significant difference was
observed in age, BMI between cases and controls. T2DM
had significantly higher TC, TG, LDL, and VLDL, FBS,

Fig. 1 Agarose gel electrophoresis for the rs9919713 polymorphism of
scavenger receptor class B type 1 (SRB1) gene. The 218 bp bands
correspond to wild homozygous TT genotype produced one fragment,
while 187 bp and 218 bp corresponds to heterozygous CT that produced 3
fragments. The variant homozygous CC genotype produced 2 fragments
of 187 bp and 31 bp. The 31 bp was invisible in the gel due to its fast
migration speed. About 50 bp ladder marker (L1), TT genotype (L1, L6,
L7), CT genotype (L2, L3, L8), and CC genotype (L9)

Fig. 2 Agarose gel electrophoresis for the rs662 polymorphism of
paraoxonase 1 (PON1) gene. The 214 bp bands correspond to wild
homozygous QQ genotype produced one fragment, while 190 bp,
214 bp, and 24 bp corresponds to heterozygous QR that produced 3
fragments. The 190 bp and 24 bp corresponds to variant homozygous
RR genotype produced 2 fragments. The 24 bp was invisible in the gel
due to its fast migration speed. About 50 bp ladder marker (L1), QQ
genotype (L2, L3, L7), CT genotype (L4, L5), and RR genotype (L6)
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and HbA1c. Furthermore, HDL levels were significantly re-
duced in T2DM patients when compared with controls.

Genotype and allele frequency of SRB1 and PON1

Both PON1 rs662 and SRB1 rs9919713 were consistent with
Hardy-Weinberg equilibrium in all studied groups. In PON1
polymorphism, we observed R allele frequency was signifi-
cantly associated with T2DM as compared to control with OR
1.40 (χ2 = 7.09, 95%CI = 1.09–1.80, p = 0.007). The frequen-
cy of RR genotype also showed significant increase in T2DM
compared to controls with OR’s 1.63 (χ2 = 5.57, 95% CI =
1.057–2.526, p = 0.01). R allele frequency was significantly
increased in T2DM when compared to controls (46.4% vs.
38.6%, respectively), and it is associated with T2DM
(Table 2). In SRB1 rs9919713 polymorphism, the frequency

of CC (χ2 = 7.47, OR 2.0, 95%CI = 1.21–3.26, p = 0.006)
genotypes was significantly increased in T2DM as compared
to controls. The frequency of C allele was significantly asso-
ciated with T2DM as compared to control with OR 1.42 (χ2 =
7.74, 95%CI = 1.11–1.82, p = 0.005) (Table 3).

Association of PON1 rs662 and SRB1 rs9919713 SNPs
with lipid parameters

In PON1 polymorphism, QQ genotypes had higher HDL than
the RR genotype. The levels of LDL were significantly in-
creased in RR genotype as compared to QQ genotype
(Table 4). Similarly, in SRB1 polymorphism, CC genotype
had higher LDL level than TT genotypes. Further, HDL was
significantly decreased in CC genotype (Table 5).

Discussion

The candidate gene method focuses on the association be-
tween genetic variations used in case control studies to find
out the difference between allele and genotype frequency.
SRB1 participates in the selective uptake of cholesterol ester
[15] and binds a number of ligands with high affinity, includ-
ing native HDL [16]. The selective uptake involves the trans-
fer of cholesterol from the HDL particle and the release of the
lipid-poor HDL particle into the plasma. In our previous find-
ings, we observed significantly low level of HDL and PON1
protein level as the duration of diabetes increases. Numerous
studies reported that PON1 and SRB1 play a significant role in
worsening HDL’s function and composition developing in-
creased risk of T2DM.

Table 1 Clinical and biochemical parameters of controls and T2DM

Characteristics Controls
(N = 250)

T2DM
(N = 250)

p value

Age (years) 47.5 ± 7.3 48.6 ± 9.7 0.11

BMI (kg/m2) 24.8 ± 4.90 25.4 ± 5.10 0.14

HDL(mg/dl) 42.3 ± 8.5 36.5 ± 7.9 0.001*

LDL (mg/dl) 97.8 ± 30.7 139.2 ± 33.8 0.001*

VLDL(mg/dl) 30.8 ± 17.1 42.6 ± 10.6 0.001*

TG(mg/dl) 144.8 ± 79.4 206.1 ± 48.3 0.001*

FBS(mg/dl) 91.1 ± 11.7 149.1 ± 41.7 0.001*

HbA1c 5.6 ± 0.6 7.94 ± 0.99 0.001*

Data presented as mean ± SD; *Significant p value < 0.05

BMI body mass index, HDL high-density lipoprotein, LDL low-density
lipoprotein, VLDL very low-density lipoprotein, TC total cholesterol, TG
triglycerides, T2DM, type 2 diabetes mellitus

Comparison between groups was performed with Mann-Whitney U test

Table 2 Comparison of genotypes and allele frequencies of PON1gene
between healthy control and T2DM subjects

Genotype Control
N = 250

T2DM
N = 250

OR (95% CI) p value

QQ 118(47.2%) 93(37.2%)

QR 75(30%) 81(32.4%) 1.37(0.904–2.076) 0.13
χ2 = 2.21

RR 57(22.8%) 76(30.4%) 1.63(1.057–2.526) 0.01*
χ2 = 5.57

Allele

Q 311(62.2%) 267(53.4%)

R 193(38.6%) 233(46.4%) 1.40(1.09–1.80) 0.007*
χ2 = 7.09

T2DM type 2 diabetes mellitus, PON1 paraoxonase1

OR odds ratio, CI confidence interval; Comparison between group was
performed with Chi-square test

*Significant p value < 0.05

Table 3 Comparison of genotypes and allele frequencies of SRB1 gene
between healthy control and T2DM subjects

Genotype Control
N = 250

T2DM
N = 250

OR (95% CI) p value

TT 73(29.4%) 53(21%) –

CT 123(49%) 119(48%) 1.33(0.86–2.05) 0.19
χ2 = 1.6

CC 54(21.6%) 78(31%) 2 (1.21–3.26) 0.006*
χ2 = 7.47

Allele

T 269(53.8%) 225(45%)

C 231(46.2%) 275(55%) 1.42 (1.11–1.82) 0.005*
χ2 = 7.74

T2DM type 2 diabetes mellitus, SRB1 scavenger receptor class B member
I

OR odds ratio, CI confidence interval; Comparison between group was
performed with Chi-square test

*Significant p value < 0.05
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Present study examined the association of R allele with
type 2 diabetes mellitus. The association of PON1 variant
and the risk of type 2 diabetes mellitus have been confirmed
in several previous studies [17, 18]. On the other side, some
contradictory results did not find association with PON1 poly-
morphism and T2DM [19, 20]. Several ethnic studies in-
formed that significant association was observed with

T2DM in Saudi and Egyptian individuals [21, 22]. However,
in south Iranian population, no significant correlation was
observed [23]. These outcomes might be the result of different
racial, biological region, lifestyle, and socioeconomic factors.
We also believe that the inconsistency between our study and
these erstwhile studies was due to the sample size employed.

Additionally, Mackness et al. [20] reported that serum
PON1 level was significantly lower in type 2 diabetes mellitus
patients as compared to healthy individual, which is in steadi-
ness with our earlier findings published by us [24]. The low
levels of PON1 in T2DMmight affect HDL functionality and
decrease its ability to prevent LDL oxidation [19]. This im-
plies that PON1 may reduce HDL activity in these individuals
and also increase their susceptibility to T2DM. Recent studies
demonstrated PON1 gene polymorphism and lipid parameters
have also yielded conflicting results. Our findings also re-
vealed that subjects carrying RR genotype had significantly
higher levels of LDL. The results were in agreement
with the outcomes of studies performed earlier [14].
But that is in contrast with the results of study that
did not find association [19].

Moreover, In SRB1 gene polymorphism, we observed
significant correlation of C allele with the risk of T2DM.
Previously, findings proved that CC genotype had signifi-
cant association with T2DM. We also observed lower fre-
quencies of C allele in controls as compared to T2DM
[23], which is in consistent with earlier findings that
showed SRB1 rs9919713 gene polymorphism is associated
with insulin resistance and T2DM [25]. Polymorphism may
be implicated in the pathogenesis of insulin resistance by
diminishing the concentration of PON1 and thus modulat-
ing the expression of GLUT-4. Earlier, human genetic stud-
ies confirmed that SRB1 carrying loss of function variant
exhibit impaired cholesterol efflux to HDL. SRB1 polymor-
phism does not lead to change in amino acid sequence and
cannot be linked at structure level. It is possible that some
other variation in its region might effect, which is in link-
age disequilibrium with SRB1 polymorphism and account-
able for the observed association with T2DM.

Our results showed that increased HDL levels were asso-
ciated with TT genotype in both the groups. We also found
subjects carrying CC genotype had significantly increased
LDL level. Our study supports previous findings that reported
low HDL and high LDL levels in CC genotype [26, 27]. In a
similar study of Tunisian population [28], T allele was found
associated with higher HDL levels. However, some contradic-
tory findings were reported in Chinese population [29].
Notwithstanding the clear functional evidence for an influence
of PON1, SRB1 on HDL levels, the genetic epidemiological
data is somewhat weak. Previous literature search identified
polymorphic sites studied with HDL levels with varying re-
sults [30]. Large genetic epidemiological studies on this gene
are required before a final conclusion can be drawn.

Table 4 Association of PON1 rs662 polymorphism with lipid
parameters

Lipid parameter QQ QR RR

Control N = 118 N = 75 N = 57

LDL 79 ± 17.7 81.3 ± 17* 85.3 ± 18*

VLDL 34.5 ± 13.1 35.3 ± 13.2 33.2 ± 17.5

TC 137.4 ± 34.4 131.6 ± 33.4 135.3 ± 18.2

TG 179.1 ± 39.1 181.4 ± 33.5 184.1 ± 32

HDL 32.2 ± 11.7 34.2 ± 5.3 30.1 ± 7.5*

Cases N = 93 N = 81 N = 76

LDL 81.3 ± 17 81.3 ± 17* 85.3 ± 18*

VLDL 43.4 ± 10.6 41.3 ± 10 43.7 ± 11.3

TC 178 ± 77.2 166.1 ± 67 176.5 ± 79.4

TG 215 ± 32.5 216.4 ± 31.5 220.4 ± 25.8

HDL 43.2 ± 9.7 41.1 ± 10.2 40.2 ± 10.8*

Data presented as mean ± SD; Genotypes were compared by one- way
ANOVA

HDL high density lipoprotein, LDL low-density lipoprotein, VLDL very
low-density lipoprotein, TC total cholesterol, TG triglycerides, PON1
paraoxonase 1

*Significant P value < 0.05

Table 5 Association of SRB1 rs9919713 polymorphism with lipid
parameters

Lipid parameters TT CT CC
Control N = 73 N = 123 N = 54

LDL 75.4 ± 20 77.3 ± 19.1 82.5 ± 17.1*

VLDL 41 ± 9.4 39.5 ± 9.1 43.1 ± 10.6

TC 172.1 ± 39.7 177 ± 29.6 176.8 ± 33.8

TG 144.2 ± 42 142.6 ± 75 147.5 ± 26.1

HDL 42.8 ± 11.5 39.5 ± 9.7* 39.7 ± 10.2*

Cases N = 53 N = 119 N = 78

LDL 62.1 ± 16.2 64.2 ± 16.6 71.5 ± 15.5*

VLDL 41.4 ± 10 43.5 ± 10.2 44 ± 12.5

TC 222 ± 27.9 228.3 ± 21.1 216 ± 26.1

TG 179.7 ± 73.9 182.5 ± 79.2 176.3 ± 82.3

HDL 35.1 ± 7.5 33.1 ± 12.5 30.3 ± 7.2*

Data presented as mean ± SD; Genotypes were compared by one- way
ANOVA

HDL high-density lipoprotein, LDL low-density lipoprotein, VLDL very
low-density lipoprotein, TC total cholesterol, TG triglycerides, SRB1
scavenger receptor class B member I

*Significant P value < 0.05
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Conclusions

In conclusion, data suggested that the genetic variation in PON1
and SRB1 gene was independent influencing factors of diabetes
mellitus and might be one of the candidate genes for conferring
susceptibility to diabetes. The present study has certain limita-
tions because it was conducted only on north Indian population
with small sample size. Furthermore, we suggest study will be
performed in larger sample size, in different ethnic groups in
order to understand possible association of these loci alone or
in linkage disequilibrium (LD) in development of diabetes which
could possibly generate a more reliable result. However, efficient
lifestyle modifications including implementation of a healthy
dietary pattern like theMediterranean diet, with physical activity,
are vital in the prevention of type 2 diabetes. So, importance
must be given to supporting a better lifestyle and finding solu-
tions in order to increase devotion and compliance to the lifestyle
modifications, especially for high-risk individuals.
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