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Association between two common polymorphisms (single
nucleotide polymorphism -250G/A and -514C/T) of the
hepatic lipase gene and coronary artery disease in type 2
diabetic patients
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Hyperlipidemia Research Center, Department of Clinical Biochemistry, !Cellular and Molecular Research Center, Department of Clinical
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Abstract Background: Variations in the hepatic lipase (HL) gene are the potential candidate for coronary artery disease
~  (CAD) especially in type 2 diabetes mellitus (T2DM) in diverse populations. We assessed the association
of -514C/T and -250G/A polymorphisms in HL (LIPC) gene with CAD risk in Iranian population with type 2
diabetes.
Materials and Methods: We evaluated 322 type 2 diabetic patients, 166 patients with normal angiograms
as controls and 156 patients those identified with CAD undergoing their first coronary angiography as CAD
cases. Genotyping of -514C/T and -250G/A polymorphisms in the promoter of the LIPC gene were studied
by polymerase chain reaction (PCR)-restriction fragment length polymorphism technique.
Results: Genotype distributions in CAD cases (73.7%, 20.5%, and 5.8% for —250G/A) and (62.2%, 32.7%, and
5.1% for -514C/T) were significantly different from those in controls (60.8%, 37.4%, and 1.8% for -250G/A) and
(51.2%, 48.2%, and 0.6% for -514C/T). CAD cases had lower A-allele frequency than controls (0.131 vs. 0.196,
P = 0.028). The odds ratio for the presence of -250 (GG + GA) genotype and A allele in CAD cases were
2.206 (95% confidence interval [Cl] =1.33-3.65, P = 0.002) and 1.609 (95% CI = 1.051 —2.463, P = 0.029)
respectively. Haplotype analysis demonstrated a significant association between especially LIPC double
mutant (—250 A/-514 T) haplotype and presence of CAD.
Conclusion: Our findings indicated that -250 G/A polymorphism rather than -514 C/T polymorphism of LIPC
gene is more associated with the increased risk of CAD particularly in women with T2DM.
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worldwide."! The genetic and environmental factors
and their interactions with each other have been
involved in the development of CAD.?3! In spite
of efforts to determine the molecular and genetic
contributing factor that could account for variations in
CAD, the etiology and the complex multigenic basis
of atherosclerosis is still not completely identified.

Hepatic lipase (HL), a lipolytic enzyme synthesized
primarily in the liver, has an important role in the
metabolism of together pro and anti-atherogenic
lipoproteins.”! HL has several metabolic functions,
such as hydrolysis of triglycerides (TGs), lipolysis of
phospholipids, forming of small dense atherogenic
low-density lipoprotein (LDL) particles, and the
catabolism of high-density lipoprotein (HDL)."*! High
HL activity is related to low serum level of HDL, and
HL converts large TG-rich HDL subfraction (HDL,)
into small and dense HDL,." It has been found that
approximately 20% to 30% of the specific variation
in the HL activity is due to the presence of a common
polymorphism in the promoter region of the LIPC gene.®

The human HL gene (LIPC), located on chromosome
15921, is consist of nine exons and eight introns, covers
over up 30 kb of DNA, and encodes a protein with
449 amino acids residue.”® The Four common single
nucleotide polymorphisms (SNPs) in the promoter
region, consist of four highly correlated polymorphism
in the 5-Flanking region of the LIPC gene (-250
G/A,-514C/T,-710T/C and -763A/G) with respect to
the transcription star site, were determined to be
in perfect disequilibrium.®'%" A substitution in the
promoter region of the LIPC gene (-250G/A) has been
reported to be related to modifications of plasma lipid
levels-1¥ and the risk of CAD™*2% in some studies but
not in others.?'4 In addition, this SNP of LIPC gene
has been shown to regulate insulin sensitivity,!*® but
its effect on the risk of CAD in type 2 diabetes has not
been completely understood. The C/T substitution at
position-514 in the promoter region of the LIPC gene
has been shown is correlated with up to 30% reduction
in promoter activity in vitro,?*2?” obvious decrease
plasma HL activity, and higher serum levels of HDL,
HDL,, and large LDL particles. The association
between -514C/T polymorphisms of LIPC gene with
the serum HDL-C levels was demonstrated.?%2%
Thus, there is considerable evidence of associations
between two common promoter polymorphisms of
the HL gene and HL activity and plasma lipoprotein
concentrations. In addition, result indicated that the
514C/T polymorphism of LIPC gene is not associated
with coronary heart disease (CHD) susceptibility."
However, the association between these two common
SNPs of LIPC gene on the atherosclerosis in different

population has been controversial.® The aim of this
study was to determine the association between these
polymorphisms (-250G/A and -514C/T) of the LIPC
gene with CAD in subjects with type 2 diabetes in a
sample of Iranian population.

MATERIALS AND METHODS

Study population

We evaluated 855 type 2 diabetes mellitus (T2DM)
patients, age between 40 and 60 years, genetically
unrelated, and with ancestry in the state of Khuzestan,
Iran. All patients performed carotid angiography at
the Department of Cardiology, Ahwaz Imam Khomeini
Hospital, Ahvaz Jundishapur University of Medical
Sciences. Details of sample collection, processing and
relevant corresponding clinical data are described
elsewhere.!! Briefly, according to the angiograms,
patients were classified into two groups including
patients with CAD and without CAD or controls. The
control group consisted of type 2 diabetic patients
older than 40 years who had a negative history of
CAD, normal exercise tolerance test, and normal
angiograms. Diagnosed myocardial infarction during
the previous 3 months, body mass index (BMI) >30 and
treatment for chronic infectious disease or malignancy
were exclusion criteria. For every participant, baseline
information was conducted by trained research
assistants and included questionnaires related to
social and medical history and physical examination.
Lastly, 322 patients with complete data were included
in the final analysis. Hypertension was determined as
systolic blood pressure >140 mmHg and/or diastolic
blood pressure >90 mmHg or treatment with oral
anti-hypertension drugs. T2DM was diagnosed
according to the American Diabetes Association
criteria. CAD was defined as the presence of at least
one significant coronary artery stenosis of more than
50% luminal diameter on coronary angiography.

Coronary angiography

Coronary artery angiography was performed by using
standard Judkins technique. Angiographic analysis
was carried out by experienced cardiologists who
were blinded to the investigate protocol. Angiography
results were separated into sections with CAD (>50%
obstruction in >1 coronary artery) and without CAD.
Gensini score estimates the intensity of CAD, and
preliminary results are described elsewhere.!?

Biochemical and anthropometric measurements

All study subjects, were assessed in the morning after
at least 12-h fasting. Body height and weight were
determined without shoes and in light clothing and
BMI was calculated as weight (kg)/height? (m?) or height
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squared. In each case, after an overnight fasting, 2 mL
of blood was drawn into tubes treated with K3- ethylene
diamine tetraacetic acid tubes for DNA extraction.
Blood cell fraction, serum and plasma were frozen
at -20°C. HDL-cholesterol (HDL-C), LDL-cholesterol
(LDL-C), total cholester, TG, and serum glucose
were measured by enzymatic methods with a clinical
chemistry analyzer (Vital Scientific, Spankeren, the
Netherlands), as previously described elsewhere.®"

Genotyping

DNA was extracted from leukocytes, taken from
peripheral blood, by using a salting-out procedure
(Miller’s method).?% Genotyping of -250G/A
(rs2070895), and -514C/T (rs1800588) SNPs, in the
promoter region of the LIPC gene were performed by
polymerase chain reaction (PCR)-restriction fragment
length polymorphism, followed by digestion with the
restriction enzymes Dral and Nlalll (New England
Biolabs), respectively. Target DNA was amplified
using two different primer pairs, one pair for -250G/A
and the other for -514C/T polymorphism [Table 1].
PCR amplifications were performed in a total volume
of 25 uL containing 12.5 ul commercially available PCR
premix (AccuPower PCR PremiX; Bioneer, Daejeon,
South Korea) containing (ANTP, Taq DNA polymerase,
MgCl2, 10 x PCR buffer), 2.0 ul (20 pmol/ul) forward
and reverse primers, 100 ng genomic DNA, and
6.5 ul sterile nuclease free water. Thermal cycling
conditions were similar for two SNPs and were as
follows: An initial denaturation step at 94°C for 5 min,
35 cycles at 94°C for 30 s, 59 or 57°C for 30 s (depend
on primers), 72°C for 45 s and a final extension step
at 72°C for 5 min. The amplification products were
digested with an appropriate enzyme according to
the manufacturer’s protocols. The digested fragments
were then separated by electrophoresis on 2%
agarose gels, followed by ethidium bromide staining
and visualized under ultraviolet light. For -250 G/A
polymorphism, the wild type genotype doesn’t contain
a Dral restriction site and yields a fragment with 584
bp; heterozygotes display three bands with 584 bp,
428 bp and 156 bp, whereas homozygotes show two
bands with 428 bp and 156 bp [Figure 1]. For -514 C/T
polymorphism, the wild type genotype doesn’t contain
a Nlalll restriction site and yields a 459 bp fragment;
heterozygotes display three bands with 459 bp, 291
bp and 168 bp, whereas homozygotes show two bands
with 291 bp and 168 bp [Figure 2].

Statistical analyses

All statistical analyses were performed by the
SPSS version 15.0 software (SPSS, Inc., Chicago
IL, USA). Continuous variables are expressed as
mean + standard deviation, and compared by student’s
t-test. All frequencies were estimated using the
gene-counting method and both polymorphisms were
tested for Hardy-Weinberg’s equilibrium using the
Chi-squared test. Categorical variables were presented
as the total number (percentage) and compared by
Chi-square-test. Comparisons of continuous variables
between two SNPs genotypes of LIPC gene were
tested by analysis of variance. Odds ratio (OR) and
95% confidence interval (CI) were estimated for CAD
by logistic regression to assess the relative risk by
a particular allele and genotype. The haplotypes
distribution in CAD and control groups were estimated
according to the two-stage iterative method named
Expectation Maximization algorithm using the
software SNPStats (http://www bioinfo.iconcologia.
net/SNPstats). The risk for every haplotype was
compared respect to the reference category; it is the
most frequent haplotype. A P < 0.05 was considered
to be statistically significant for all analyses.

RESULTS

Demographic and biochemical characteristic of the
studied subjects

The demographic and biochemical features of the
CAD cases (T2DM patients with CAD) and controls

Figure 1: Product of polymerase chain reaction-restriction fragment
length polymorphism for —250G/A genotypes of LIPC gene on the 2%
agarose gel. Lane 1 is DNA size marker 100 bp, lane 2-5 and 8—-10 are
related to the GG genotype, lane 6, 7 are related to the GA genotype
and lane 11 is related to the AA genotype

Table 1: PCR primers, products, and restriction enzymes for the genotyping of LIPC polymorphisms

SNPs Forward and reverse primer PCR product Restriction enzyme Fragments size
rs2070895 F: 5-CGCCTTTTCCCTACCTGATT-3’ 584bp Dral 584 bp: 428bp-156 bp
(-250G/A) R: 5- TTCTTTACTGCCCCCAACTG-3

rs1800588 F: 5- CGCCTTTTCCCTACCTGATT- 3 459 bp Nlalll 459 bp: 291 bp-168 bp
(-514C/T) R: 5’- GCCAAGGTCAGAGTTCCAAATT-3’
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(T2DM patients without CAD) are presented in
Table 2. Among the 322 participants, 156 patients
had angiographically-proven CAD and 166 had
almost normal coronary arteries (without CAD group).
The CAD cases had significantly higher of fasting
blood sugar (FBS) (P = 0.014), BMI (P = 0.011),
systolic blood pressure (P = 0.001), diastolic blood
pressure (P < 0.001), total cholesterol (P = 0.020),
TG (P =0.016), LDL-C (P < 0.001), and lower HDL-C
(P < 0.001) than controls. For the demographic data
the age of CAD cases were significantly higher than
that in control group (P < 0001). In general, an elevated
level of LDL-C, TG and lower level of HDL-C have been
considered to increase the risk of CAD.

The genotype and allele frequencies of -250G/A and
-514 C/T polymorphisms in hepatic lipase gene

The allele and genotype frequencies of the two LIPC
loci among our controls and CAD cases were in
Hardy-Weinberg equilibrium. CAD cases for -250G/A
and controls for -514C/T showed a distribution

Figure 2: Product of polymerase chain reaction-restriction fragment
length polymorphism for -514C/T genotypes of LIPC gene on the 2%
agarose gel. Lane 1 is DNA size marker 100 bp, Lane 2 is related to the
non-template control, lane 3-6 and 8,10,11,13-19, and 21 are related
to the CC genotype, lane 21 is related to the CT genotype and lanes
7,9 and 12 are related to the TT genotype

Table 2: Demographic and biochemical characteristics of CAD
cases and controls

Variable CAD cases  Controls P
(n=156) (n=166)

Sex (males/females) 78/78 58/108 0.043
Age (years) 54.5+5.92 49.5+6.2  <0.001
Height (cm) 165.3+8.1 163.6£8.6  0.062
Weight (kg) 751114  70.8+10.8  0.001
BMI (kg/m?) 27.3+4.6 25.9+4.8 0.011
Systolic blood pressure (mm Hg)  134.3+24.9  125.5+17.1  0.001
Diastolic blood pressure (mm Hg)  83.8+15.2 77.5£10.8  <0.001
FBS (mg/dl) 152.8#45.8 139.3+39.3 0.014
Cholesterol (mg/dl) 184.6x49.8 172.1x24.2 0.020
Triglyceride (mg/dl) 163.8+66.3 143.4+50.7 0.016
LDL (mg/dl) 113.1£44.6  93.6£23.6  <0.001
HDL (mg/dl) 39.5+10.4 48.5+7.5  <0.001

Data are presented as meanzstandard deviation (SD) unless otherwise stated.
Comparisons were made using student’s t-test (for continuous variables).
CAD: Coronary artery disease, BMI: Body mass index, HDL: High-density lipoprotein,
LDL: Low-density lipoprotein, FBS: Fasting blood sugar, mmHg: Millimeters of mercury

that deviated significantly from a distribution
expected in a population with genotype distribution
in Hardy-Weinberg equilibrium. These deviations
may be due to the small sample size. However,
it was not likely that any of the assumptions
for Hardy-Weinberg equilibrium was violated,
and we attribute such departure to chance. The
distributions of the genotype and allele frequency
in CAD cases and controls are shown in Table 3.
Distribution of GG, GA and AA genotype for 250G/A
polymorphism are significantly different between
controls and CAD cases (P = 0.001). For -514 C/T
polymorphism the distribution of CC, CT and TT
genotype are significantly different between controls
and CAD cases (P = 0.002). The frequencies of G and
A alleles for -250G/A SNP are shown significant
different between controls and CAD cases (P =
0.028). However, the frequencies of C and T alleles
for -514C/T SNP are shown not significant different
between controls and CAD cases (P =0.092) [Table 3].

Genotype distribution of -514C/T and -250G/A
polymorphism according to the gender in study
population

Genotype frequencies in overall study population
according to the gender are shown in Table 4.

For -514C/T polymorphism distribution of CC, and CT
+ TT genotype in females are significantly different
between CAD cases and controls (p =0.043). However,
distribution of CC, and CT + TT genotype in males
are not significantly different between CAD cases
and controls (P = 0.298). Similarly, for -250 A/G
polymorphism distribution of GG, and GA + AA
genotype, in females are significantly different between
CAD cases and controls (P = 0.030). While, distribution
of GG, and GA + AA genotype, in males are not
significantly different between CAD cases and controls
(P =0.128). Among females, comparing to the subjects
with GG reference genotype of -250 G/A polymorphism,
those carrying the GA genotype (OR = 2.104, 95% CI
= 1.069-4.139, P = 0.031) had significant increased
risk for CAD. Similarly, Among females, comparing
to the subjects with CC reference genotype of -514 C/T
polymorphism, those carrying the CT genotype (OR =
1.857,95% CI =1.016-3.395, P = 0.044) had significant
increased risk for CAD. In fact, our results indicated
that the female might be at higher increased risk of
CAD than the male with type 2 diabetes.

The risk assessment of genotype and allele frequencies
of two polymorphisms for coronary artery disease

The odds ratio of genotype and allele frequencies
of -250 G/A and -514 C/T polymorphisms for CAD
are presented in Table 3. The OR for genotypes
and alleles of -250 A/G polymorphism are 2.206
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Table 3: Genotype and allele distribution of two SNPs in CAD cases and controls and their association with CAD

SNP n (%) P OR (95% Cl) P
CAD cases Controls
—250G/A
GG 115 (73.7) 101 (60.8) 1.00
GA 32 (20.5) 62 (37.4) 2.206 (1.33-3.65) 0.002
AA 9(5.8) 3(1.8) 0.001 0.380 (0.100-1.44) 0.155
G 271(86.9) 267 (80.4) 1.00
A 41 (13.1) 65 (19.6) 0.028 1.609 (1.051-2.463) 0.029
-514 C/T
CcC 97 (62.2) 85 (51.2) 1.00
CT 51 (32.7) 80 (48.2) 1.790 (1.13-2.82) 0.012
T 8 (5.1) 1(0.6) 12.357 0.002 0.143 (0.17-1.16) 0.069
C 253 (81.1) 251 (75.6) 1.00
T 59 (18.9) 81 (24.4) 2.847 0.092 1.384 (0.948-2.020) 0.092

The chi-square test was used to determine whether significant differences (P value) were observed when the CAD cases were compared to the
controls. SNP: Single nucleotide polymorphism, OR: Odds ratio, Cl: Confidence interval

Table 4: Genotype distribution of two SNPs in CAD cases and controls and their association with CAD according to the gender

Genotypes n (%) P OR (95% CI) P
CAD cases Controls

Male

GG 53 (67.9) 32 (55.2) 1.00

GA+AA 25 (32.1) 26 (44.8) 2.317 0.128 1.722 (0.853-3.478) 0.129
Female

GG 62 (79.5) 70 (64.8) 1.00

GA+AA 16 (20.5) 38 (35.2) 4.732 0.030 2.104 (1.069-4.139) 0.031
Male

CcC 46 (59) 29 (50) 1.00

CT+TT 32 (4) 29 (50) 1.083 0.298 1.437 (725-2.850) 0.299
Female

cC 52 (66.7) 56 (51.9) 1.00

CA+TT 26 (33.3) 52 (48.1) 4.082 0.043 1.857 (1.016-3.395) 0.044

CAD: Coronary artery disease, OR: Odds ratio, Cl: Confidence interval

(95% CI = 1.333-3.650, P = 0.002) for GA genotype and
0.380 (95% CI =0.100-1.440, P = 0.155) for AA genotype
comparing to the GG reference genotype. The OR for A
allele of -250 polymorphism comparing to the reference
G allele was 1.609 (95% CI = 1.051-2.463, P = 0.029). In
addition, the odds ratio for genotypes and alleles of -514
C/T polymorphism are 1.790 (95% CI = 1.134-2.825,
P =0.012) for CT genotype and 0.143 (95% CI =
0.017-1.164, P = 0.069) for TT genotype comparing
to the CC reference genotype. The OR for T allele of
-514C/T polymorphism comparing to the reference C
allele is 1.384 (95% CI = 0.984-2.020, P = 0.092). In
addition, in the entire population study the influence
of -514C/T and -250G/A polymorphisms on the studied
variables are not significant only in CC genotype which
is decrease serum level of HDL-C (data not shown here).

Haplotype distribution in study population

The haplotype analysis stratified by study subjects
of two studied SNPs is presented in Table 5. Using
the software SNPStats, we estimated all possible
haplotypes from the observed genotypes of two
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SNPs, -514C/T and -250G/A. Then, we compared
haplotype frequency of LIPC between CAD cases and
controls. Six haplotypes derived from the two SNPs
accounted for about 95% of haplotype variations
(ORs and P values for the associations are listed
in Table 5). Among these six haplotypes, using the
haplotype consisting of wild allele of each SNP (250G
-514C) as reference, two haplotype (-514T/-250A)
and (-514C/-250A) are found to be significantly
associated with the increased risk of CAD, OR =2.17
(95% CI = 1.17-4.02, P = 0.014) and OR = 3.37 (95%
CI =1.40-8.11, P = 0.007), respectively.

DISCUSSION

In this study we reported significant difference in
the distribution of allele or genotype frequencies of
-250G/A and -514C/T polymorphisms in LIPC gene
between CAD cases and controls. Additionally, we found
the association between these two polymorphisms and
anthropometric indices and metabolic characteristics,
such as HDL-C. This is in agreement with Pihlajaméaki
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Table 5: Haplotype frequencies estimation and haplotype
association with CAD

Haplotype CAD cases Controls OR (95% CI) P2
250G/514C 0.743 0.666 1.00

250G/514T 0.096 0.128 1.69 (0.96-2.95)  0.068
250A/514T 0.73 0.112 2.17 (1.17-4.02) 0.014
250A/514C 0.029 0.077 3.37 (1.40-8.11) 0.007
250T/514T 0.044 0.006 0.31(0.08-1.23)  0.079
250T/514C 0.0128 0.012 1.79 (0.47-6.76) 0.39

2Haplotype frequency determined by the maximum likelihood method.
OR: Odds ratio, Cl: Confidence interval

et al."® However, Hegel et al.?® have reported an
absence of association between the genetic variation
in the promoter of LIPC gene and plasma lipoproteins
in the Canadian population.

The association between LIPC —250G/A polymorphism
and CAD is consistent with other studies, and
confirmed the results of Zambon et al. reported that
the allele frequency of the -250G/A polymorphism
is 47% in a small group of Japanese Americans.?"
De Andrade et al. in a study conducted on Brazilian
population showed the prevalence of the -250 A allele
in the population-based sample was 32%. Overall, the
-250 A allele was somewhat lower in CAD patients
than in the controls, however, when the CAD +
sample was compared with the control sample, a
significant association was observed between the -250
A allele and severe CAD (P = 0.02). The same studies
confirmed that the allelic distribution is different
according to the geographical origin of the study
group.m” In our study the genotype frequencies based
on gender showed a significant difference between
women of two groups. But this difference was not
seen in men. The finding of a positive and significant
association between female and risk of CAD is a novel
finding in Iranian subjects with type 2 diabetes.
However, Ko et al.™® found significant associations
between the -250G/A polymorphisms of the HL
gene and HDL-C levels in obese men. The result
of this study showed that there were no significant
differences for FBS based on both polymorphic sites
of HL. gene in CAD cases and controls. However,
the HDL-C levels have significantly increased in
GG genotype of -250G/A polymorphism compared
to the other genotype. Jimenez et al, demonstrated
no significant associations between the -250G/A
polymorphism and plasma HDL-C levels."?! Zambon
et al, demonstrated that not only its associated
with HDL-C levels, but also -250G/A polymorphism
related to small dense LDL particles.?" Although low
HDL-C is a well-established risk factor for CAD, the
association of LIPC promoter variants with the risk
of CAD appears to be a paradox showing the highest

CAD risk in minor allele carriers also associated
with elevated HDL-C.34+%! This contradiction may
be due to a HL-induced modulation of the HDL
particle,’®! a balance that is actually influenced
by physical activity.®” De Andrade in a study on
Brazilian population a significant association was
observed between the -250 A allele and severe CAD.
Also, the multiple logistic regression analyses that
included the conventional risk factors showed that the
-250 GG homozygote genotype was an independent
predictor of CAD (OR = 1.79; P = 0.025).2% In this
study, we found that GG, GA genotypes and A allele
of the LIPC -250G/A polymorphism were the high
risk of CAD in T2DM patients. A study conducted
by Valdivielso et al., showed that the -250A allele
was significantly associated with peripheral arterial
disease (PAD), and suggest that the presence of
the -250 A allele in the promoter of the LIPC gene
confers susceptibility to PAD in subjects with type
2 diabetes.!®!

Our results showed there was a significant association
between CT genotype of — 514 C/T polymorphism
and CAD risk in T2DM subjects. The effect of the
-514C/T polymorphism on the presence of CAD is
controversial. Jansen et al.®” observed a higher
frequency of the T allele in patients with CAD;
however these results couldn’t be confirmed by the
other studies.**! A study was presented by Andersen
et al., on over than 10,000 subjects of the kobenhavn
town Heart Study showed homozygous presence of
the rare T allele in the LIPC gene was associated
with a risk of CAD. Jansen et al.’® observed that the
rare -514 T allele of the HL. promoter was associated
with CAD in Dutch patients has so far been without
a good explanation. Zhang et al."% in a study on the
US diabetic men, the association between the LIPC
-514C/T polymorphism and CHD risk was modulated
by both overall adiposity and central obesity. Among
obese men, the CT or TT genotype was associated
with significantly increased risk of CHD compared
with those with the CC genotype. However, among
lean men this polymorphism was associated with a
reduction in CHD risk. But in this study, we reported
no significant difference for genotype distribution
of both polymorphisms between men of two groups.
Several studies suggested a pro-atherogenic role of
-514 C/T polymorphism.“?43 For instance, in a Danish
cohort study, participants with the TT genotype
were observed to have a 1.5-fold (95% CI = 1.0- 2.2)
increased risk of ischemic heart disease compared
with those with the CC genotype.? The extent of
coronary atherosclerosis determined by angiography
was reported to be higher in participants with the T
allele.®® The LIPC - 514 T allele was also reported
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to be associated with a decrease in coronary flow
reserve® and the presence of subclinical CHD.
Conversely, no association of the LIPC -514C/T
polymorphism with the risk for CHD or CAD was
observed in a study of Finnish men.*" Also, in this
study we observed no significant association of LIPC
-514T TT genotype and T allele with the risk for
CAD. However, the observed association with HDL-C
is in line with the results of a meta-analysis on the
-514C/T variant, showed an increase in plasma levels
of HDL-C in homozygous minor T-allele carriers
compared with homozygous major C allele carriers.®

The association between two LIPC loci and CAD was
also studied by haplotype analysis. Of the possible
four haplotypes, the double mutant—-250A/-514T
haplotype was under-represented in both groups,
and significant preferential association with incident
of CAD in T2DM patients was seen. In addition,
the haplotype -250A/-514C compare to reference
haplotype has increased 3-fold risk of CAD in type
2 diabetes. In several studies, the rare allele, or the
rare haplotype, has been associated with low HL
activity and with high TG levels,**4" high HDL
cholesterol levels,?>%! buoyant LDL particles,“” and
CHD." The observation of Jansen et al.”*” that the
rare-514 allele of the HL promoter was associated
with CAD in Dutch patients has so far been without
a good explanation. subjects with this rare, or
the respective haplotype, have low HL activity,“”
high HDL cholesterol levels,®” and buoyant LDL
particle,*” which have all been associated with low
risk of CHD.

Study strengths

To the best of our knowledge, this study is the first
report of a gender-specific association between two
common promoter SNPs (-250G/A and -514C/T) of
LIPC gene and the risk of CAD in Iranian subjects with
type 2 diabetes. In addition, we find the LIPC double
mutant (-250 A/-514 T) haplotype is associated with
the presence of CAD in diabetic patients in a sample
of Iranian population.

Study limitations

First, because of the cross-sectional nature of the
present study we cannot elucidate the mechanism or
determine the direction of causality. Thus, further
longitudinal studies are necessary to determine
whether our results came from simple associations or
indicate to causal relationships. Second, distribution
of -250 A/G genotype in diabetic patients with
CAD and distribution of -514C/T in controls were
significantly deviated from a distribution expected
in a population according to the Hardy-Weinberg
equilibrium.
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CONCLUSION

Our results indicated that -250 G/A polymorphism
rather than -514 C/T polymorphism of LIPC gene is more
associated with the increased risk of CAD particularly
in women with T2DM. To the best of our knowledge,
there was no report to provide information about the
role of two common SNPs of LIPC gene on the risk of
CAD in type 2 diabetic patients of Iranian population.
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