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Abstract

technique.

Aim: The aim of the current study was to investigate the associations between rs3732581, rs73887537 of PARL
gene with type 2 diabetes mellitus and its related phenotypes in Chinese T2DM case-control population.

Methods: We genotyped PARL gene rs3732581, rs73887537 polymorphisms in 543 T2DM patients and 384
healthy controls by using PCR-RFLP technique. Plasma glucose, insulin and lipid were measured by biochemical

Results: rs73887537 polymorphism of PARL gene was not existed in the studied population. The genotype and
allele distributions of rs3732581 polymorphism were not significantly different between T2DM and control groups (both
P>0.05). However compared with carriers of C allele, the carriers of the GG genotype showed significantly higher
levels of triglyceride, total cholesterol in the T2DM and control groups respectively.

Conclusion: rs73887537 polymorphism of PARL gene was not existed in the Chinese studied population. The
rs3732581 polymorphism of PARL gene is not associated with the presence of T2DM. However, it is associated with
blood lipid levels in T2DM and healthy Chinese population differently.
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Introduction

Type 2 Diabetes Mellitus (T2DM) is a complex metabolic disorder,
caused by multiple environmental and genetic factors. A considerable
amount of research has been devoted to defining the genes involved in
the aetiology of this widespread disease. Impairment of mitochondrial
function is intrinsically related with diabetes and alterations in
mitochondrial function are associated with both insulin resistance and
loss of energy-dependent beta-cell insulin secretion [1]. Thus proteins
regulating mitochondrial action and efficiency have become attractive
candidate genes for diabetes susceptibility in the face of adverse
environmental risk factors [2].

The presenilins-associated rhomboid-like (PARL) protein is an
inner mitochondrial membrane rhomboid protease. Given the likely
role of PARL in maintaining mitochondrial membrane integrity and
function, and the known defects of mitochondria in diabetes [3-8].
The association of PARL and insulin resistance had been investigated.
Walder K et al. reported that both in human and in animal subjects
PARL expression is negatively correlated with blood glucose and
plasma insulin levels [9]. The expression of the PARL homologue is
reduced by 50% in skeletal muscle of obese, type 2 diabetic Psammomys
obesus relative to lean glucose-tolerant animals. Exercise training,
ameliorating symptoms of T2DM by reducing the plasma levels of
glucose and insulin, also increased the levels of PARL in skeletal muscle
[9]. Tang H et al. reported that the PARL mRNA level was lower in the
insulin-resistant rats than in control animals, and is associated with low
mitochondrial content and reduced mitochondrial enzyme activity in
the skeletal muscle from the insulin-resistant rats [10]. These results
suggest that high-fat-diet-induced insulin resistance is associated with
mitochondrial dysfunction in skeletal muscle, and may be the result of
the decreased expression of the PARL gene [9,10]. It has been shown
that PARL is a new candidate gene for obesity and T2DM [9].

Walder et al. reported that a SNP variant (Leu262Val) in PARL
(dbSNP ID rs3732581 mapped to chromosome 3q27, a region
reportedly linked to phenotypes associated with metabolic syndrome)
was associated with insulin resistance in an age dependent manner in
an American-Caucasian case-control study [9,11]. They believed that
variation in PARL sequence may be an important new risk factor for
T2DM and other components of the metabolic syndrome [9]. However,
subsequent replicated studies failed to replicate the initial findings and
disputed the association between this polymorphism and two measures
of insulin resistance (fasting plasma insulin and blood glucose levels)
[12-14]. T2DM is likely to be polygenic and multiple factors common
disease of which genetic heterogeneity exists in different race and
areas. The populations were recruited in the previous study are always
European descents. Until now it is unclear whether this polymorphism
is associated with T2DM and its related phenotypes in the Chinese
population and due to the previous conflicting association results, the
aim of the current study was to investigate the relationship between the
rs3732581, rs73887537 variants and T2DM and its related phenotypes
including fasting plasma insulin, glucose levels and BMI et al in Chinese
T2DM case-control population.
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Materials and Methods
Subjects

A total of 927 Northwest Han Chinese individuals aged between
22 and 88 years in Gansu was recruited into this case-control study,
among them 543 unrelated type 2 diabetic patients were recruited
from the inpatients who were admitted to Gansu Provincial People’s
Hospital in 2008 and 2009. 384 controls who were ethnically age-and
gender-matched unrelated healthy volunteers were selected randomly
during the same period in Medical Examination Center (MEC) of the
People’s Hospital of Gansu Province. Identification of T2DM was based
on the World Health Organization Definition (WHO) 1999 definition
[15]. The controls and the patients were matched by age and sex. All
subjects had no family history of diabetes and no history of significant
concomitant diseases. T1DM, acute or chronic hepatopathy and
nephropathy, severe ethanol abuse, cigarette abuse were excluded by
clinical and laboratory examination. All the participants gave written
informed consent, and the Ethics Committee of Lanzhou University
approved all research protocols.

Measurement

Full history and physical examination was taken. Venous blood
sample of 5 ml was drawn from all subjects into tubes containing
ethylene diamine tetraacetic acid after an overnight fast. Plasma glucose
concentrations were measured by the glucose oxidase-peroxidase
method. Serum levels of insulin were measured by radioimmunoassay
method. Serum concentrations of lipids including total cholesterol,
triglyceride, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol and HbAlc were measured using standard
methods in Clinical Laboratory in Gansu Provincial People’s Hospital.
Insulin resistance and pancreatic B-cell function were assessed by
homeostasis model assessment (HOMA-IR) as fasting glucose (mmol/l)
x fasting insulin (WU/ml)/22.5 [16]. Height (m) and weight (kg) were

Variable (units) Controls T2DM P value
n 384 543

Sex (M/F) 213171 279/264 0.219

Age (Years) 55.75+13.66 | 57.50 + 11.80 0.230
Height (cm) 165.68 + 7.55 | 164.68 + 7.47 0.252
Weight (Kg) 68.46 + 10.84 1 68.69 + 12.49 0.866

Body mass index (Kg/m?) 24.86+3.14 2526+3.93 A 0.277
Waist circumference (cm) 86.31+8.35 | 89.14+9.01 0.005**
Hip circumference (cm) 96.36 £9.52 | 94.94 +6.72 0.125
Waist and hips ratio 0.90 £ 0.07 0.94 +0.08 0.000**
Fasting glucose (mmol/L) 463+050 1069419 A 0.000**
Fasting insulin (mU/L) 8.21+247 | 1024+428 A 0.000**
Hemoglobin A1c (%) 4.62+0.75 8.36+1.83 A 0.000**
HOMA-IR 1.70 £ 0.59 4.87 +2.88 A 0.000**

TC (mmol/L) 4.61+0.87 4.83+1.06 0.053

TG (mmol/L) 1.70+£0.79 2.19+1.51 A 0.010*
LDL-C (mmol/L) 2.41+0.67 2.71+0.97 0.003**
HDL-C (mmol/L) 1.39+0.30 1.07+£0.73 0.000**

Note: M: Male; F: Female; HOMA-IR: Homeostasis Model Assessment Insulin
Resistance Index; TC: Total Cholesterol; TG: Triglyceride; LDL-C: High-Density
Lipoprotein; HDL-C: Low-Density Lipoprotein. Sex Was Evaluated By X2-Test.A:
Mann-Whitney U Test Compared with Control, *P<0.05, **P<0.01

Table 1: Baseline clinical characteristics of patients and controls. X s

Marker 1 2 3 4 5 6 7

Figure 1: Agarose gels electrophoresis after PCR. The amplified products
were separated by electrophoresis on 2.0% agarose gel. DNA Marker-D
(100bp-2000bp); lane 1-6, Length of PCR production was 1540 bp; lane 7,
negative control (no template DNA).

measured and body mass index was calculated as weight/height?.
Waist, hip circumferences (cm) were measured and waist-hip ratio and
BMI were calculated. Anthropometric measurements from cases and
control subjects were done in our ward in Medical Examination Center,
respectively. The phenotypic characteristics of the study population are
summarized in Table 1.

PCR amplification

Genomic DNA was extracted from peripheral blood leucocytes
according to a standard protein K digestion and phenol/chloroform
extraction method. Extracted DNA was dissolved in the appropriate
volume of double distilled water. DNA concentration was measured
with a nuclear acid analyzing instrument before preserving in -80°C. The
reference sequence (i.e. wild type sequence) of PARL gene was extracted
from the NCBI GenBank. We designed a set of primers using Primer
5.0 and Oligo 6.0 software to amplify a 1540-bp region that contains two
single nucleotide polymorphism sites (rs3732581 and rs73887537 of
PARL gene) by Polymerase Chain Reaction (PCR). The forward primer
was 5-ATAAGCCACCACCCCCAGTT-3; and the reverse primer was
5-ACCACAAGCCCCAGAGTAGA-3’ (Primers were synthesized by
Shanghai Sangon Biological Engineering Technology And Service Co.,
Ltd.). PCR was performed in a 50ul volume containing 2U of Taq Plus
DNA polymerase, 5 ul of 10xBuffer, 2 ul of dINTP Mixture each 10 mM
solution, 40 pM of each primer (forward and reverse), 40 ng of DNA
and appropriate volume of sterile water.

The PCR conditions were as follows. Initial denaturing was
performed at 94.0°C for 5min, and was followed by 35 cycles of
denaturing at 94.0°C for 35 s, annealing at 63.5°C for 30 s, extension
at 72.0°C for 1 minl0s, and final extension at 72.0°C for 7 min. The
PCR products were evaluated by electrophoresis in 2.0% agarose gel
and visualized by ethidium bromide staining on an electrophoresis
apparatus (FR-200A, Shanghai Furi 140 Science & Technology Co. Ltd)
(Figure 1).

PCR-restriction fragment length polymorphisms

The PCR-amplified products were digested overnight with BstN Tand
Hpa II, as recommended by the manufacturer (Fermentas, Burlington,
Ontario). After digestion, the restriction enzyme was inactivated at
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65°C for 20 min. The digested products were separated by 2.0% agarose
gel electrophoresis and visualized by ethidium bromide staining. All
samples were successfully genotyped and a random selection of samples
underwent sequencing. There was no discordance noted between the
RFLP-PCR assays and sequencing methods. For the PARL rs3732581
polymorphism (BstN I), GG homozygous cases were represented by
DNA bands of 65, 219, 451, and 805 bp. CC homozygous cases were
represented by DNA bands of 65, 219, and 1256 bp. CG heterozygous
cases displayed a combination of both alleles (65, 219, 451, 805 and 125
bp). For the PARL 1573887537 polymorphism (Hpa II), TT homozygous
cases were represented by DNA bands of 52, 391, 480, and 617 bp (Figure
2). CC homozygous cases were represented by DNA bands of 52, 272,
345, 391 and 480 bp. TC heterozygous cases displayed a combination of
both alleles (52, 272, 345, 391, 480 and 617 bp) (Figure 3).

Marker

1 2 3 4 B)

2000 bp —= .

— 1256 bp
1000 bp — = . a05 bp
750 bp —> g
500 bp —= g ~—451 bp
250 bp —= L - 219 bp

100 bp —=

CG GG CC CC CG

Figure 2: Genotyping analysis of the PARL rs3732581 polymorphism by PCR-
RFLP analysis using BstN | digestion. DNA Marker-D (100bp-2000bp); lane 1,
5 CG heterozygous: 65, 219, 451, 805 and 125 bp; lane 2, GG homozygous:
65, 219, 451, and 805 bp; lane 3, 4 CC homozygous: 65, 219, and 1256 bp.
The 65bp band had been run out of agarose gel.

Marker 1 2 3 4 5 6 7

T 1T TT TT TT TT 1T

Figure 3: Genotyping analysis of the PARL rs73887537 polymorphism by
PCR-RFLP analysis using Hpa Il digestion. DNA MarkerGM331/2 (100bp-
600bp); lane 1-7 TT homozygous: 52, 391, 480, and 617 bp. The 52bp band
had been run out of agarose gel. We did not find rs73887537 polymorphism of
PARL gene was existed in the studied population.

Statistical analysis

Genotype and allele frequencies were calculated by gene counting.
Tests of Hardy-Weinberg equilibrium were performed using x* test.
Clinical characteristics were expressed as mean + SD. Comparisons
of genotype and allele frequencies between T2DM group and controls
were performed using y? test. To compare the means of the variables
measured between the groups, the Student’s t-test was used. One-
way analysis of variance was used to test for differences in means of
phenotypic characteristics between genotypes. For skewed distribution
and homogeneity of variance the logarithmic transformation or
nonparametric test was used. All P-values were two-tailed and Statistical
significance was defined as P<0.05. Statistical analysis was performed
using Statistical Package for the Social Sciences (SPSS, Version 11.5)
for Windows.

Results

Compared with the control subjects, T2DM patients had
significantly higher waist circumference, Waist-to-Hip Ratio (WHR),
Fasting Plasma Glucose (FPG), Fasting Insulin (FINS), Hemoglobin
Alc (HBAIc), Insulin Resistance Index (HOMA-IR), the plasma levels
of Triglyceride (TG), Low-Density Lipoprotein Cholesterol (LDL-C)
and Lower High-Density Lipoprotein Cholesterol (HDL-C) (P<0.05).
However, there were no significant differences in age, height, weight,
hip circumference, Body Mass Index (BMI), and the plasma levels of
Total Cholesterol (TC) between the two groups. This is consistent with
diabetic features (Table 1).

Genotyping of the PARL rs3732581 and rs73887537 variant was
performed in 927 subjects, 543 with T2DM and 384 controls. We did
not find rs73887537 polymorphism of PARL gene was existed in the
studied Chinese population. PARL rs3732581 polymorphism genotype
frequencies of GG, CG, and CC were 14.2%, 48.1%, 37.7% in T2DM
group and17.4%, 46.9%, 35.7% in control group respectively, and allele
frequencies of G, C were 38.2%, 61.8% in T2DM group and 40.9%,
59.1% in control group respectively. Genotype frequencies did not
deviate from Hardy-Weinberg equilibrium in the combined study
population and no significant difference was observed in the allele or
genotype frequencies of PARL gene rs3732581 polymorphism between
the T2DM and control groups (both P<0.05). The distributions of PARL
gene rs3732581 polymorphism genotypes and alleles in the T2DM and
control groups from a Chinese population are summarized in Table 2.

The subjects carrying GG genotype had higher plasma triglyceride
level than that of the subjects carrying CG and CG+CC genotype
(P<0.05) in T2DM group. The subjects carrying GG genotype had
higher plasma triglyceride level than that of the subjects carrying CC
and CG+CC genotype (P<0.05) and the subjects carrying GG genotype
total cholesterol levels was higher than the subjects carrying CG and
CG+CC genotype (P<0.05) in control group. Clinical characteristics by
genotype are shown in Tables 3 and 4. However, there were no significant
differences in other clinical characteristics in three genotypes in the two
groups.

Groups N Genotype frequency n (%) Allele frequency n (%)
GG CcC G C
T2DM 543 77 (14.2) 261 (48.1) 205 (37.7) 415 (38.2) 671 (61.8)
Control 384 67 (17.4) 180 (46.9) 137 (35.7) 314 (40.9) 454 (59.1)
X2 1.876 1.346
P value 0.391 0.246

Table 2: Genotype and allele distribution of the PARL Leu262Val polymorphism in case and control groups.
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Genotype GG CG CcC CG+CC P value
Age (Years) 57.92 £ 12.68 57.16 £ 11.53 57.79 £ 12.00 57.44 + 11.71
Height (cm) 164.27 £ 8.20 164.83 £7.15 164.64 £7.71 164.75 £ 7.38
Weight (Kg) 69.25 £ 10.70 67.94 + 13.50 69.42 £ 11.84 68.60 £ 12.76
Body mass index (Kg/m?) 25.70 £ 3.85 24.92 +4.20 25.54 + 3.60 25.20 £ 3.95
Waist circumference (cm) 90.51 +9.20 89.34 £ 9.26 88.43 + 8.69 88.94 + 8.99
Hip circumference (cm) 94.87 +5.32 94.19 £ 6.45 95.90 + 7.40 94.95 + 6.92
Waist and hips ratio 0.96 +0.10 0.95 +0.07 0.92 +0.08 0.94 +0.08
Fasting glucose (mmol/L) 11.06 + 4.05 10.56 + 3.69 10.73 £+ 4.83 10.64 + 4.22
Hemoglobin A1c (%) 8.39+142 8.44 +2.04 8.26 + 1.69 8.36 + 1.89
Fasting insulin (mU/L) 10.70 +5.32 9.97 £3.91 10.41 +4.39 10.17 £4.12 Triglyceride:
HOMA-IR 517 +3.11 4.64 +2.36 5.05 + 3.36 4.82 +2.85 GG/CG P=0.0120
Total cholesterol (mmol/L) 517 +1.04 4.64 +1.05 4.94+1.05 4.78 +1.06 GG/CG+CC P=0.0154
Triglyceride (mmol/L) 3.42+248 1.88 +0.94 217 +£1.45 2.01+1.20
LDL-C (mmol/L) 2.64+£0.79 2.65+0.97 2.81+£1.03 2.72+1.00
HDL-C (mmol/L) 0.87 £0.30 1.18 £ 0.97 1.00 + 0.36 1.10+0.77

HOMA-IR: homeostasis model assessment insulin resistance index; LDL-C: high-density lipoprotein; HDL-C: low-density lipoprotein. 0: Kruskal-Wallis H test A: Mann-
Whitney U test
Table 3: clinical characteristics of T2DM group by genotype. X s

Genotype GG CG cC CG+CC P value
Age (Years) 59.04 £ 12.42 56.42 + 13.87 53.05 + 13.82 54.99 + 13.88
Height (cm) 166.19 £ 6.53 165.89 £ 8.29 165.11£7.13 165.56 £ 7.79
Weight (Kg) 68.42 + 11.59 68.69 = 12.04 68.16 £ 8.73 68.47 £ 10.72
Body mass index (Kg/m?) 2473 +£3.84 24.80 + 2.86 25.02+3.15 2490 +2.97
Waist circumference (cm) 89.08 + 8.01 87.44 + 6.41 83.25 + 9.98 85.67 + 8.33
Hip circumference (cm) 97.31 £6.31 97.60 + 12.07 94.16 £ 6.24 96.14 £ 10.13
Waist and hips ratio 0.92 £ 0.05 0.90 + 0.06 0.88 + 0.09 0.89 £ 0.08
Fasting glucose (mmol/L) 4.65 £ 0.52 4.71+£0.48 4.51£0.50 4.63 £ 0.50
Hemoglobin A1c (%) 4.56 +0.89 462+0.75 4.64 +0.67 463+0.71 Total cholesterol:
= GG/CC P=0.018
Fasting insulin (mU/L) 7.78 £ 2.06 8.45 £ 2.62 8.13+247 8.31+255 GG/CG P=0.036
HOMA-IR 1.62 £ 0.52 1.77 £ 0.60 1.65 £ 0.62 1.72 £ 0.61 GG/CG+CC P=0.044 A
Total cholesterol (mmol/L) 4.99+1.14 4.55+0.82 4.47+0.74 452+0.78 T”Q'VC,S_”(‘)’%:SG/CC
Triglyceride (mmol/L) 2.02+0.89 1.70 £ 0.75 1.53 +0.72 1.63 +0.74 GG/CG+CC P=0.029
LDL-C (mmol/L) 2.61+0.55 2.31+£0.72 245+ 0.65 2.37 £0.69
HDL-C (mmol/L) 1.35+£0.19 1.35+0.31 1.47 £0.31 1.40 £ 0.32

HOMA-IR: homeostasis model assessment insulin resistance index; LDL-C: high-density lipoprotein; HDL-C: low-density lipoprotein; A: T test after logarithmic transformation
Table 4: clinical characteristics of control group by genotype. X + s

rs3732581 variant in T2DM group of Chinese population were
not similar to that reported for Irish population™! (P=0.002, 0.016
respectively). Allele distribution in control group of Chinese population
was not similar to that reported for Australia population (P=0.041)
[14]. The difference could due to race differences. In addition, we did
not find rs73887537 polymorphism of PARL gene was existed in the
studied Chinese population.

Discussion

The present study demonstrated that distributions of the PARL
rs3732581 genotypes and alleles are not statistically different between
the T2DM and control groups in a Chinese population (P=0.391, 0.246
respectively). The results showed that the PARL rs3732581 variant is
not association with the presence of T2DM in Chinese population,
despite it has been shown that PARL is a new candidate gene for obesity
and T2DM [9]. In this study we also investigated the effect of the PARL
rs3732581 genetic variant, on fasting plasma insulin and glucose levels,
as well as BMI, in a healthy population and in a population diagnosed
with T2DM. We found that the C allele is no significant effect neither
on levels of fasting plasma insulin. glucose nor with BMI, despite the
strong functional evidence that PARL is involved in regulating insulin
levels [9]. Our data fail to replicate the previous result and these findings
further support the works showing that the PARL rs3732581 variant has
no effect on these parameters in population-based cohorts [12-14]. The
differences in results could be explained by race and/or environmental
differences between the studied populations.

Interestingly, in this study it was noted that the subjects carrying G
allele of rs3732581 had higher plasma triglyceride level than that of the
subjects carrying Callele (P<0.05) in T2DM group. The subjects carrying
G allele had higher plasma triglyceride and total cholesterol levels than
that of the subjects carrying C allele (both P<0.05) in control group.
PARL appears to be one of the loci contributing to the chromosome 3
QTL cluster and a previous study reported a strong association of the
genomic location of PARL (3q27) with phenotypes typically associated
with MetS [11,17-20]. But there have been no studies published
reporting on the functional effect this SNP has on metabolism. Our
original findings required a better understanding of PARL gene and
PARL structure, function, and mechanisms of regulation. The notable

Our results on the genotype and allele distribution of the PARL

conserved core rhomboid domain of PARL is composed by 6 TMH
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(transmembrane helix), with the strictly conserved catalytic serine and
histidine residues located in TMH-4 and TMH-6 respectively [21]. The
PARL rs3732581 genetic variant is a common C>G SNP in exon 7 of
PARL that encodes an amino acid substitution from leucine to valine
in TMH-4 of PARL. While this substitution does not impact directly on
the predicted catalytic sites of PARL, it could be reasonably expected to
alter the conformation of the protein in the mitochondrial membrane,
and may affect its activity [9]. On the other hand, it has been reported
that PARL gene expression in skeletal muscle correlated with both
citrate synthase expression, a marker of mitochondrial oxidative
capacity in human subjects [9].

Mitochondria are highly dynamic organelles and undergo
continuous fission and fusion events in physiological situations [22,23].
Mitochondrial structure and function are highly dependent on the
processes of fusion and fission. PARL may involve in mitochondrial
fusion [24]. Maintaining mitochondrial morphology is critical to
normal cell function [25-33]. The imbalance in mitochondrial fusion
and fission in metabolically active tissue such as skeletal muscle
may result in defects associated with lipid metabolism [24]. There is
substantial evidence that proteins participating in mitochondrial fusion
or fission also have a role in metabolism [34-36]. Their expression is
crucial in mitochondrial metabolism through the maintenance of the
mitochondrial network architecture, and their reduced expression
may explain some of the metabolic alterations associated with obesity.
Kita et al. investigated the role of mitochondrial remodeling on
Triacylglycerol (TG) accumulation in adipocytes and found that when
the mitochondrial fusion was induced in adipocytes by silencing of
mitochondrial fission proteins including Fis1 and Drp1, the cellular TG
content was decreased [37]. In contrast, the silencing of mitochondrial
fusion proteins including mitofusin 2 and Opal increased the cellular
TG content followed by fragmentation of mitochondria [37]. They also
found that Polyphenolic phytochemicals, negative regulators of cellular
TG accumulation in adipocytes, have mitochondrial fusion activity
[37]. These results strongly suggest that cellular TG accumulation
is regulated, at least in part, via mitochondrial fusion and fission
processes. On the other hand, it has been shown that deletion of PARL
in the mouse resulted in premature postnatal death due to progressive
cachexia and indications of increased apoptosis which correlated with
reduced levels of cleaved Opal. The antiapoptotic effects of Opal
require PARL [38-40]. PARL positioned upstream of Opal in the
control of apoptosis [38]. Opal has been shown to be involved in the
regulation of the so-called “cristae remodeling” pathway of apoptosis
and the regulation of mitochondrial fusion [38,39,41]. Cipolat et al.
provide evidence that PARL may be required for the correct assembly of
the Opal-containing structures that regulate the integrity of the cristae
junctions and that PARL and Opal interacted at the protein level as
well [38]. So it is tempting to speculate that the PARL rs3732581 genetic
variant could in some way influence the mitochondrial remodeling and
metabolism of lipid through its interaction with Opal [38,42].

Moreover, it is also well known that nuclear genome has a leading
role in the biogenesis of mitochondrial respiratory chain and that
nuclear activity can be modulated by signals sent by mitochondria
suggesting that dysregulated mitochondrial morphology could alter
gene expression of proteins involved in lipid metabolism [43-45].
PARL is the only intramembrane-cleaving protease where the putative
signaling moiety is also part of the protease itself. The p-cleavage of
PARL releases within the mitochondrial matrix a 25 amino acid-long
peptide termed PP-peptide which appears to execute mitochondrial
retrograde signaling (MRS) [46-48]. MRS senses mitochondrial
activities/dysfunctions and relay this information to the nucleus in

order to initiate appropriate physiological readjustments including
metabolism [48]. Indeed, the release of the PP-peptide, the putative
effectors molecule of the PARL signaling, is self-regulated. The
B-cleavage is either executed by an unknown protease (PARLase) that
is activated via a PARL-catalyzed cleavage or by PARL itself through an
intermolecular reaction [46]. The proteolytic activity of PARL required
for the PB-cleavage of its N terminus could be supplied in trans [46].
So, it is tempting to speculate that the PARL rs3732581 genetic variant
could in some way influence the MRS and metabolism of lipid through
alter the conformation of the protein and its proteolytic activity.

It has been suggested that mitochondria ensure metabolite and
mitochondrial DNA mixing and impaired fusion could result in lower
mitochondrial content and impaired oxidative capacity, leading to a
defective energy homeostasis. Given the prior evidence for a role for
PARL in mitochondrial integrity and function, multivariant analysis
was performed to assess the global effect of PARL sequence variation
on mitochondrial content. The results showing that sequence variation
in PARL have a significant influence on mitochondrial content
(P=0.00076). But the association between the PARL rs3732581 variant
and mitochondrial content level is not significant (P=0.0701) [49]. The
PARL rs3732581 variant alone is unlikely to significantly influence
metabolism of lipid through alter the mitochondrial content.

In summary, until now the role of PARL and/or the PARL rs3732581
genetic variant on metabolism of lipid is poorly understood. The
mechanism of regulation of plasma triglyceride and total cholesterol
levels by PARL and/or the PARL rs3732581 genetic variant remains
to be determined. The different effects of the PARL rs3732581 genetic
variant on plasma triglyceride and total cholesterol levels between the
T2DM and control groups, suggesting that there might exist differences
in the biological pathways of the two phenotypes between the case and
control groups and further studies are required, although we cannot
rule out the possibility that one or more of our results represent false
positive findings. In conclusion, we did not find the rs73887537
polymorphism of PARL gene was existed in studied Chinese population
and our results provided no evidence that the PARL rs3732581 variant
had a role in T2DM susceptibility or was likely to be an important
contributor to insulin resistance in Chinese population. However, we
found that compared with carriers of C-allele the carriers of the GG
genotype showed significantly higher levels of triglyceride and levels
of triglyceride and total cholesterol in the T2DM and control groups
respectively. The PARL rs3732581 variant may play a role in genetic
predisposition to dyslipidemia which is a risk factor of diabetes in
Chinese population. Our original findings were required to replicate
in additional populations. A role for rs3732581 polymorphism of
PARL gene in metabolic conditions could not be excluded and further
comprehensive studies are required.

Acknowledgements

We acknowledge the excellent technical assistance of staff members
working in Department of Endocrinology of Gansu Provincial People’s
Hospital and those working in MEC of Gansu Provincial People’s
Hospital. This study was supported by grants from the Natural Science
Foundation of Gansu Province (No. 0803RJZA067).

Reference

1. Rolo AP, Palmeira CM (2006) Diabetes and mitochondrial function: role of
hyperglycemia and oxidative stress. Toxicol Appl Pharmacol 212: 167-178.

2. Gloyn AL (2003) The search for type 2 diabetes genes. Ageing Res Rev 2:
111-127.

3. Vondra K, Rath R, Bass A, Slabochova Z, Teisinger J, et al. (1977) Enzyme
activities in quadriceps femoris muscle of obese diabetic male patients.
Diabetologia 13: 527-529.

J Metabolic Synd
ISSN: 2167-0943 JMS, an open access journal

Volume 3 ¢ Issue 1+ 1000134


http://www.ncbi.nlm.nih.gov/pubmed/16490224
http://www.ncbi.nlm.nih.gov/pubmed/16490224
http://www.ncbi.nlm.nih.gov/pubmed/12605956
http://www.ncbi.nlm.nih.gov/pubmed/12605956
http://www.ncbi.nlm.nih.gov/pubmed/908476
http://www.ncbi.nlm.nih.gov/pubmed/908476
http://www.ncbi.nlm.nih.gov/pubmed/908476

Citation: Liu J, Huang XF, Liu JX, Quan JX, Tian LM, et al. (2014) Association of PARL Gene Rs3732581, Rs73887537 Polymorphisms with
Type 2 Diabetes Mellitus, Insulin Resistance and Blood Lipid Levels in Chinese Population. J Metabolic Synd 3: 134. doi:10.4172/2167-

0943.1000134

Page 6 of 7

2

o

2

=

22.

23.

Simoneau JA, Kelley DE (1997) Altered glycolytic and oxidative capacities of
skeletal muscle contribute to insulin resistance in NIDDM. J Appl Physiol (1985)
83: 166-171.

Kelley DE, He J, Menshikova EV, Ritov VB (2002) Dysfunction of mitochondria
in human skeletal muscle in type 2 diabetes. Diabetes 51: 2944-2950.

Bjorntorp P, Scherstén T, Fagerberg SE (1967) Respiration and phosphorylation
of mitochondria isolated from the skeletal muscle of diabetic and normal
subjects. Diabetologia 3: 346-352.

Simoneau JA, Colberg SR, Thaete FL, Kelley DE (1995) Skeletal muscle
glycolytic and oxidative enzyme capacities are determinants of insulin sensitivity
and muscle composition in obese women. FASEB J 9: 273-278.

Simoneau JA, Veerkamp JH, Turcotte LP, Kelley DE (1999) Markers of capacity
to utilize fatty acids in human skeletal muscle: relation to insulin resistance and
obesity and effects of weight loss. FASEB J 13: 2051-2060.

Walder K, Kerr-Bayles L, Civitarese A, Jowett J, Curran J, et al. (2005) The
mitochondrial rhomboid protease PSARL is a new candidate gene for type 2
diabetes. Diabetologia 48: 459-468.

.Tang H, Liu J, Niu L, He W, Xu Y (2009) Variation in gene expression of

presenilins-associated rhomboid-like protein and mitochondrial function in
skeletal muscle of insulin-resistant rats. Endocrine 36: 524-529.

. Kissebah AH, Sonnenberg GE, Myklebust J, Goldstein M, Broman K, et al.

(2000) Quantitative trait loci on chromosomes 3 and 17 influence phenotypes of
the metabolic syndrome. Proc Natl Acad Sci U S A 97: 14478-14483.

. Fawcett KA, Wareham NJ, Luan J, Syddall H, Cooper C, et al. (2006) PARL

Leu262Val is not associated with fasting insulin levels in UK populations.
Diabetologia 49: 2649-2652.

. Hatunic M, Stapleton M, Hand E, DelLong C, Crowley VE, et al. (2009) The

Leu262Val polymorphism of presenilin associated rhomboid like protein (PARL)
is associated with earlier onset of type 2 diabetes and increased urinary
microalbumin creatinine ratio in an Irish case-control population. Diabetes Res
Clin Pract. 83: 316-319.

. Powell BL, Wiltshire S, Arscott G, McCaskie PA, Hung J, et al. (2008)

Association of PARL rs3732581 genetic variant with insulin levels, metabolic
syndrome and coronary artery disease. Hum Genet 124: 263-270.

. Alberti KG, Zimmet PZ (1998) Definition, diagnosis and classification of

diabetes mellitus and its complications. Part 1: diagnosis and classification of
diabetes mellitus provisional report of a WHO consultation. Diabet Med 15:
539-553.

. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, et al. (1985)

Homeostasis model assessment: insulin resistance and beta-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia 28:
412-419.

. Francke S, Manraj M, Lacquemant C, Lecoeur C, Leprétre F, et al. (2001) A

genome-wide scan for coronary heart disease suggests in Indo-Mauritians
a susceptibility locus on chromosome 16p13 and replicates linkage with the
metabolic syndrome on 3g27. Hum Mol Genet 10: 2751-2765.

.Luke A, Wu X, Zhu X, Kan D, Su Y, et al. (2003) Linkage for BMI at 3g27 region

confirmed in an African-American population. Diabetes 52: 1284-1287.

.Mori Y, Otabe S, Dina C, Yasuda K, Populaire C, et al. (2002) Genome-wide

search for type 2 diabetes in Japanese affected sib-pairs confirms susceptibility
genes on 3q, 15q, and 20q and identifies two new candidate Loci on 7p and
11p. Diabetes 51: 1247-1255.

. Vionnet N, Hani EH, Dupont S, Gallina S, Francke S, et al. (2000) Genomewide

search for type 2 diabetes-susceptibility genes in French whites: evidence for
a novel susceptibility locus for early-onset diabetes on chromosome 3q27-
gter and independent replication of a type 2-diabetes locus on chromosome
1921-g24. Am J Hum Genet. 67: 1470-1480.

. Koonin EV, Makarova KS, Rogozin IB, Davidovic L, Letellier MC, et al. (2003)

The rhomboids: a nearly ubiquitous family of intramembrane serine proteases
that probably evolved by multiple ancient horizontal gene transfers. Genome
Biol 4: R19.

Bereiter-Hahn J, V6th M (1994) Dynamics of mitochondria in living cells: shape
changes, dislocations, fusion, and fission of mitochondria. Microsc Res Tech
27:198-219.

Chan DC (2006) Mitochondrial fusion and fission in mammals. Annu Rev Cell
Dev Biol 22: 79-99.

24,

25.

26.

27.

28.

29.

30.

3

=

32.

3

w

34.

35.

36.

37

38.

39.

4

o

4

-

42.

4

w

44,

4

(&2

46.

Civitarese AE, Ravussin E (2008) Mitochondrial energetics and insulin
resistance. Endocrinology 149: 950-954.

Chen H, Detmer SA, Ewald AJ, Griffin EE, Fraser SE, et al. (2003) Mitofusins
Mfn1 and Mfn2 coordinately regulate mitochondrial fusion and are essential for
embryonic development. J Cell Biol 160: 189-200.

Chen H, Chomyn A, Chan DC (2005) Disruption of fusion results in mitochondrial
heterogeneity and dysfunction. J Biol Chem 280: 26185-26192.

Okamoto K, Shaw JM (2005) Mitochondrial morphology and dynamics in yeast
and multicellular eukaryotes. Annu Rev Genet 39: 503-536.

Alexander C, Votruba M, Pesch UE, Thiselton DL, Mayer S, et al. (2000) OPA1,
encoding a dynamin-related GTPase, is mutated in autosomal dominant optic
atrophy linked to chromosome 3q28. Nat Genet 26: 211-215.

Kijima K, Numakura C, Izumino H, Umetsu K, Nezu A, et al. (2005) Mitochondrial
GTPase mitofusin 2 mutation in Charcot-Marie-Tooth neuropathy type 2A. Hum
Genet 116: 23-27.

Frank S, Gaume B, Bergmann-Leitner ES, Leitner WW, Robert EG, et al. (2001)
The role of dynamin-related protein 1, a mediator of mitochondrial fission, in
apoptosis. Dev Cell 1: 515-525.

. Bossy-Wetzel E, Barsoum MJ, Godzik A, Schwarzenbacher R, Lipton SA

(2003) Mitochondrial fission in apoptosis, neurodegeneration and aging. Curr
Opin Cell Biol 15: 706-716.

Olichon A, Baricault L, Gas N, Guillou E, Valette A, et al. (2003) Loss of OPA1
perturbates the mitochondrial inner membrane structure and integrity, leading
to cytochrome c release and apoptosis. J Biol Chem 278: 7743-7746.

. Arakaki N, Nishihama T, Kohda A, Owaki H, Kuramoto Y, et al. (2006) Regulation

of mitochondrial morphology and cell survival by Mitogenin | and mitochondrial
single-stranded DNA binding protein. Biochim Biophys Acta 1760: 1364-1372.

Bach D, Pich S, Soriano FX, Vega N, Baumgartner B, et al. (2003) Mitofusin-2
determines mitochondrial network architecture and mitochondrial metabolism.
A novel regulatory mechanism altered in obesity. J Biol Chem 278: 17190-
17197.

Bach D, Naon D, Pich S, Soriano FX, Vega N, et al. (2005) Expression of Mfn2,
the Charcot-Marie-Tooth neuropathy type 2A gene, in human skeletal muscle:
effects of type 2 diabetes, obesity, weight loss, and the regulatory role of tumor
necrosis factor alpha and interleukin-6. Diabetes 54: 2685-2693.

Zorzano A, Liesa M, Palacin M (2009) Mitochondrial dynamics as a bridge
between mitochondrial dysfunction and insulin resistance. Arch Physiol
Biochem 115: 1-12.

. Kita T, Nishida H, Shibata H, Niimi S, Higuti T, et al. (2009) Possible role of

mitochondrial remodelling on cellular triacylglycerol accumulation. J Biochem
146: 787-796.

Cipolat S, Rudka T, Hartmann D, Costa V, Serneels L, et al. (2006) Mitochondrial
rhomboid PARL regulates cytochrome c release during apoptosis via OPA1-
dependent cristae remodeling. Cell 126: 163-175.

Frezza C, Cipolat S, Martins de Brito O, Micaroni M, Beznoussenko GV, et
al. (2006) OPA1 controls apoptotic cristae remodeling independently from
mitochondrial fusion. Cell 126: 177-189.

. Delivani P, Martin SJ (2006) Mitochondrial membrane remodeling in apoptosis:

an inside story. Cell Death Differ 13: 2007-2010.

. Cipolat S, Martins de Brito O, Dal Zilio B, Scorrano L (2004) OPA1 requires

mitofusin 1 to promote mitochondrial fusion. Proc Natl Acad Sci U S A 101:
15927-15932.

McQuibban GA, Saurya S, Freeman M (2003) Mitochondrial membrane
remodelling regulated by a conserved rhomboid protease. Nature 423: 537-
541.

. Khalimonchuk O, Rédel G (2005) Biogenesis of cytochrome c oxidase.

Mitochondrion 5: 363-388.

Liu Z, Butow RA (2006) Mitochondrial retrograde signaling. Annu Rev Genet
40: 159-185.

. Scarpulla RC (2006) Nuclear control of respiratory gene expression in

mammalian cells. J Cell Biochem 97: 673-683.

Sik A, Passer BJ, Koonin EV, Pellegrini L (2004) Self-regulated cleavage of the

J Metabolic Synd
ISSN: 2167-0943 JMS, an open access journal

Volume 3 ¢ Issue 1+ 1000134


http://www.ncbi.nlm.nih.gov/pubmed/9216960
http://www.ncbi.nlm.nih.gov/pubmed/9216960
http://www.ncbi.nlm.nih.gov/pubmed/9216960
http://www.ncbi.nlm.nih.gov/pubmed/12351431
http://www.ncbi.nlm.nih.gov/pubmed/12351431
http://www.ncbi.nlm.nih.gov/pubmed/4244686
http://www.ncbi.nlm.nih.gov/pubmed/4244686
http://www.ncbi.nlm.nih.gov/pubmed/4244686
http://www.ncbi.nlm.nih.gov/pubmed/7781930
http://www.ncbi.nlm.nih.gov/pubmed/7781930
http://www.ncbi.nlm.nih.gov/pubmed/7781930
http://www.ncbi.nlm.nih.gov/pubmed/10544188
http://www.ncbi.nlm.nih.gov/pubmed/10544188
http://www.ncbi.nlm.nih.gov/pubmed/10544188
http://www.ncbi.nlm.nih.gov/pubmed/15729572
http://www.ncbi.nlm.nih.gov/pubmed/15729572
http://www.ncbi.nlm.nih.gov/pubmed/15729572
http://www.ncbi.nlm.nih.gov/pubmed/19859837
http://www.ncbi.nlm.nih.gov/pubmed/19859837
http://www.ncbi.nlm.nih.gov/pubmed/19859837
http://www.ncbi.nlm.nih.gov/pubmed/11121050
http://www.ncbi.nlm.nih.gov/pubmed/11121050
http://www.ncbi.nlm.nih.gov/pubmed/11121050
http://www.ncbi.nlm.nih.gov/pubmed/17019603
http://www.ncbi.nlm.nih.gov/pubmed/17019603
http://www.ncbi.nlm.nih.gov/pubmed/17019603
http://www.ncbi.nlm.nih.gov/pubmed?term=DeLong C%5BAuthor%5D&cauthor=true&cauthor_uid=19185381
http://www.ncbi.nlm.nih.gov/pubmed?term=Crowley VE%5BAuthor%5D&cauthor=true&cauthor_uid=19185381
http://www.ncbi.nlm.nih.gov/pubmed/18758826
http://www.ncbi.nlm.nih.gov/pubmed/18758826
http://www.ncbi.nlm.nih.gov/pubmed/18758826
http://www.ncbi.nlm.nih.gov/pubmed/9686693
http://www.ncbi.nlm.nih.gov/pubmed/9686693
http://www.ncbi.nlm.nih.gov/pubmed/9686693
http://www.ncbi.nlm.nih.gov/pubmed/9686693
http://www.ncbi.nlm.nih.gov/pubmed/3899825
http://www.ncbi.nlm.nih.gov/pubmed/3899825
http://www.ncbi.nlm.nih.gov/pubmed/3899825
http://www.ncbi.nlm.nih.gov/pubmed/3899825
http://www.ncbi.nlm.nih.gov/pubmed/11734540
http://www.ncbi.nlm.nih.gov/pubmed/11734540
http://www.ncbi.nlm.nih.gov/pubmed/11734540
http://www.ncbi.nlm.nih.gov/pubmed/11734540
http://www.ncbi.nlm.nih.gov/pubmed/12716766
http://www.ncbi.nlm.nih.gov/pubmed/12716766
http://www.ncbi.nlm.nih.gov/pubmed/11916952
http://www.ncbi.nlm.nih.gov/pubmed/11916952
http://www.ncbi.nlm.nih.gov/pubmed/11916952
http://www.ncbi.nlm.nih.gov/pubmed/11916952
http://www.ncbi.nlm.nih.gov/pubmed?term=Gallina S%5BAuthor%5D&cauthor=true&cauthor_uid=11067779
http://www.ncbi.nlm.nih.gov/pubmed?term=Francke S%5BAuthor%5D&cauthor=true&cauthor_uid=11067779
http://www.ncbi.nlm.nih.gov/pubmed/12620104
http://www.ncbi.nlm.nih.gov/pubmed/12620104
http://www.ncbi.nlm.nih.gov/pubmed/12620104
http://www.ncbi.nlm.nih.gov/pubmed/12620104
http://www.ncbi.nlm.nih.gov/pubmed/8204911
http://www.ncbi.nlm.nih.gov/pubmed/8204911
http://www.ncbi.nlm.nih.gov/pubmed/8204911
http://www.ncbi.nlm.nih.gov/pubmed/16704336
http://www.ncbi.nlm.nih.gov/pubmed/16704336
http://www.ncbi.nlm.nih.gov/pubmed/18202132
http://www.ncbi.nlm.nih.gov/pubmed/18202132
http://www.ncbi.nlm.nih.gov/pubmed/12527753
http://www.ncbi.nlm.nih.gov/pubmed/12527753
http://www.ncbi.nlm.nih.gov/pubmed/12527753
http://www.ncbi.nlm.nih.gov/pubmed/15899901
http://www.ncbi.nlm.nih.gov/pubmed/15899901
http://www.ncbi.nlm.nih.gov/pubmed/16285870
http://www.ncbi.nlm.nih.gov/pubmed/16285870
http://www.ncbi.nlm.nih.gov/pubmed/11017080
http://www.ncbi.nlm.nih.gov/pubmed/11017080
http://www.ncbi.nlm.nih.gov/pubmed/11017080
http://www.ncbi.nlm.nih.gov/pubmed/15549395
http://www.ncbi.nlm.nih.gov/pubmed/15549395
http://www.ncbi.nlm.nih.gov/pubmed/15549395
http://www.ncbi.nlm.nih.gov/pubmed/11703942
http://www.ncbi.nlm.nih.gov/pubmed/11703942
http://www.ncbi.nlm.nih.gov/pubmed/11703942
http://www.ncbi.nlm.nih.gov/pubmed/14644195
http://www.ncbi.nlm.nih.gov/pubmed/14644195
http://www.ncbi.nlm.nih.gov/pubmed/14644195
http://www.ncbi.nlm.nih.gov/pubmed/12509422
http://www.ncbi.nlm.nih.gov/pubmed/12509422
http://www.ncbi.nlm.nih.gov/pubmed/12509422
http://www.ncbi.nlm.nih.gov/pubmed/16860483
http://www.ncbi.nlm.nih.gov/pubmed/16860483
http://www.ncbi.nlm.nih.gov/pubmed/16860483
http://www.ncbi.nlm.nih.gov/pubmed/12598526
http://www.ncbi.nlm.nih.gov/pubmed/12598526
http://www.ncbi.nlm.nih.gov/pubmed/12598526
http://www.ncbi.nlm.nih.gov/pubmed/12598526
http://www.ncbi.nlm.nih.gov/pubmed/16123358
http://www.ncbi.nlm.nih.gov/pubmed/16123358
http://www.ncbi.nlm.nih.gov/pubmed/16123358
http://www.ncbi.nlm.nih.gov/pubmed/16123358
http://www.ncbi.nlm.nih.gov/pubmed/19267277
http://www.ncbi.nlm.nih.gov/pubmed/19267277
http://www.ncbi.nlm.nih.gov/pubmed/19267277
http://www.ncbi.nlm.nih.gov/pubmed/19671539
http://www.ncbi.nlm.nih.gov/pubmed/19671539
http://www.ncbi.nlm.nih.gov/pubmed/19671539
http://www.ncbi.nlm.nih.gov/pubmed/16839884
http://www.ncbi.nlm.nih.gov/pubmed/16839884
http://www.ncbi.nlm.nih.gov/pubmed/16839884
http://www.ncbi.nlm.nih.gov/pubmed/16839885
http://www.ncbi.nlm.nih.gov/pubmed/16839885
http://www.ncbi.nlm.nih.gov/pubmed/16839885
http://www.ncbi.nlm.nih.gov/pubmed/17039250
http://www.ncbi.nlm.nih.gov/pubmed/17039250
http://www.ncbi.nlm.nih.gov/pubmed/15509649
http://www.ncbi.nlm.nih.gov/pubmed/15509649
http://www.ncbi.nlm.nih.gov/pubmed/15509649
http://www.ncbi.nlm.nih.gov/pubmed/12774122
http://www.ncbi.nlm.nih.gov/pubmed/12774122
http://www.ncbi.nlm.nih.gov/pubmed/12774122
http://www.ncbi.nlm.nih.gov/pubmed/16199211
http://www.ncbi.nlm.nih.gov/pubmed/16199211
http://www.ncbi.nlm.nih.gov/pubmed/16771627
http://www.ncbi.nlm.nih.gov/pubmed/16771627
http://www.ncbi.nlm.nih.gov/pubmed/16329141
http://www.ncbi.nlm.nih.gov/pubmed/16329141
http://www.ncbi.nlm.nih.gov/pubmed/14732705

Citation: Liu J, Huang XF, Liu JX, Quan JX, Tian LM, et al. (2014) Association of PARL Gene Rs3732581, Rs73887537 Polymorphisms with
Type 2 Diabetes Mellitus, Insulin Resistance and Blood Lipid Levels in Chinese Population. J Metabolic Synd 3: 134. doi:10.4172/2167-
0943.1000134

Page 7 of 7

mitochondrial intramembrane-cleaving protease PARL yields Pbeta, a nuclear- 48. Hill RB, Pellegrini L (2010) The PARL family of mitochondrial rhomboid

targeted peptide. J Biol Chem 279: 15323-15329. proteases. Semin Cell Dev Biol 21: 582-592.

47. Jeyaraju DV, Xu L, Letelier MC, Bandaru S, Zunino R, et al. (2006) 49. Curran JE, Jowett JB, Abraham LJ, Diepeveen LA, Elliott KS, et al. (2010)
Phosphorylation and cleavage of presenilin-associated rhomboid-like protein Genetic variation in PARL influences mitochondrial content. Hum Genet 127:
(PARL) promotes changes in mitochondrial morphology. Proc Natl Acad Sci U 183-190.

S A 103: 18562-18567.

J Metabolic Synd Volume 3 ¢ Issue 1+ 1000134
ISSN: 2167-0943 JMS, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/14732705
http://www.ncbi.nlm.nih.gov/pubmed/14732705
http://www.ncbi.nlm.nih.gov/pubmed/17116872
http://www.ncbi.nlm.nih.gov/pubmed/17116872
http://www.ncbi.nlm.nih.gov/pubmed/17116872
http://www.ncbi.nlm.nih.gov/pubmed/17116872
http://www.ncbi.nlm.nih.gov/pubmed/20045481
http://www.ncbi.nlm.nih.gov/pubmed/20045481
http://www.ncbi.nlm.nih.gov/pubmed/19862556
http://www.ncbi.nlm.nih.gov/pubmed/19862556
http://www.ncbi.nlm.nih.gov/pubmed/19862556

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Subjects
	Measurement
	PCR amplification 
	PCR-restriction fragment length polymorphisms 
	Statistical analysis 

	Results
	Discussion
	Acknowledgements
	Table 1
	Table 2
	Table 3
	Table 4
	Figure 1
	Figure 2
	Figure 3
	Reference

