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Abstract

Nonalcoholic fatty liver disease (NAFLD) is defined as excessive accumulation of fatty acid in the

liver, a common disease in the world. The research of single nucleotide polymorphisms (SNPs)

provides a new approach for managing NAFLD. SNPs may increase or decrease the functions of

the target genes and their encoding proteins. Peroxisome proliferator-activated receptor (PPAR)

plays a key role in modulating metabolism of hepatic triglycerides and consequently magnitude of

NAFLD. In this study, we investigated the effect of three SNPs in the PPAR-γ gene i.e.

rs10865710 (C-681G), rs7649970 (C-689T) and rs1801282 (C34G, also termed Pro12Ala) on

susceptibility to NAFLD. The participants were selected from our epidemiological survey. Totally

169 participants were enrolled in NAFLD group, and 699 healthy subjects were included as

controls. PCR-RFLP was applied to detect the SNPs. The G allele frequency of rs10865710 in

NAFLD group (41.1%) was significantly higher than that (34.8%) in controls (p = 0.03).

Differences in other two loci (rs7649970 and rs1801282) were not statistically significant between

the two groups (p > 0.05). This result was confirmed by haplotype analysis. The GCC haplotype (a

set of 3 adjacent SNPs in linkage disequilibrium, corresponding to the three alleles of above

polymorphisms in order) was a risk factor for the susceptibility to NAFLD (p = 0.03). This study

has revealed that the G allele of rs10865710 in the PPAR-γ gene is associated with the increased

susceptibility to NAFLD. Our findings may provide novel diagnostic biomarkers and therapeutic

targets for NAFLD.
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Non-alcoholic fatty liver disease (NAFLD) refers to a spectrum of histological findings

ranging from simple steatosis to non-alcoholic steatohepatitis (NASH) and NASH-related

cirrhosis, which can progress to hepatocellular carcinoma (HCC) (Mendez-Sanchez et al.

2007). NAFLD has become a major cause of chronic liver disease globally. It is estimated

that the prevalence of NAFLD ranges from 3% to 24%, with most countries’ prevalence

between 6% and 14% (Williams 2006; Amarapurkar et al. 2007; Argo and Caldwell 2009).

In recent years, due to alterations of lifestyle and dietary habits, the incidence of NAFLD

has increased dramatically in China (Fan et al. 2005). Our previous survey revealed a

prevalence of 15% of the population in southern China (Zhou et al. 2007). NAFLD is a

hepatic component of metabolic syndrome (MS), which is characterized by obesity, type 2

diabetes mellitus (T2DM), dyslipidemia and hypertension with insulin resistance (IR) being

the main mechanisms (Mendez-Sanchez et al. 2007). The pathogenesis of NAFLD is not

completely understood. Both environmental and genetic factors are required for the

development and progression of NAFLD (Day 2006). A number of studies have

demonstrated that many genetic variations related to reactive oxygen species, cytokines,

endotoxin receptors, fibrogenic mediators and IR were involved in the pathogenesis

underlying NAFLD (Osterreicher and Brenner 2007; Wilfred de Alwis and Day 2007; Zhou

et al. 2010). We have previously demonstrated that some single nucleotide polymorphisms

(SNPs) were associated with the susceptibility to NAFLD (Zhou et al. 2010).

So far there have been significant advances in our understanding of the human genome and

its clinical sequelae over a range of diseases. Over 3.1 million SNPs have been identified.

The International HapMap Project (http://hapmap.ncbi.nlm.nih.gov) characterized patterns

of SNPs across individuals from diverse ethnic backgrounds (Frazer et al. 2007; Daly et al.

2011). SNPs may increase or decrease the functions of the target genes and their encoding

proteins. There are two mainstream SNP notations. The nomenclature (rs#) in SNP database

(dbSNP: http://www.ncbi.nlm.nih.gov/SNP/) is unique, clear and stable, but difficult to

understand. The nomenclature in HGVS (Human Genome Variation Society) guidelines

(http://www.hgvs.org/mutnomen/recs-DNA.html) includes gene symbol (sequence type) and

variation position. Its abbreviation is not standard, but is easy to understand and more

commonly applied in literatures. In this manuscript, we used rs# notations plus HGVS

nomenclature in brackets behind e.g. rs1801282 (C34G or Pro12Ala). The C34G

polymorphism results in the substitution of Ala (GCA) for Pro (CCA).

The PPARs play a key role in modulating the synthesis, storage, and export of hepatic

triglycerides and consequently the magnitude of NAFLD. The PPAR family consists of

PPAR-α, PPAR-γ and PPAR-β/δ nuclear receptors. These receptors exhibit different tissue

distributions and functions. Among them, PPAR-γ increases insulin sensitivity and

modulates glucose and lipid homeostasis, which makes it a most attractive target for the

treatment of MS and NAFLD (Semple et al. 2006; Kallwitz et al. 2008). The human PPAR-γ

gene, located in chromosome 3, has nine exons (exon A1, exon A2, exon B, exon 1–6 from

5’ to 3’ direction) and extends over more than 100 kilobases of genomic DNA (Fig 1).

Differential promoter usage coupled with alternate splicing of the PPAR-γ gene gives rise to

a variety of mRNA isoforms (PPAR-γ 1–4). Besides exons 1 to 6 commonly existing in all

isoforms, PPAR-γ1 contains the untranslated exons A1 and A2; while PPAR-γ3 contains

exon A2 and PPAR-γ2 contains the translated exon B. PPAR-γ1, PPAR-γ3 and PPAR-γ4
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produce the same protein containing 477 amino acid residues encoded by exons 1 to 6, while

PPAR-γ2 produces a different protein containing 505 amino acid residues, which may be

encoded by exon B and consecutive exons 1 to 6 (Fajas et al. 1997; Gurnell 2005). The

PPAR-γ gene has a number of genetic variants at several nucleotide loci, which result in

conformational changes in the protein structures and functions of the gene. The SNPs of the

PPAR-γ gene have been reported to be associated with the susceptibility to MS and its

component diseases including NAFLD (Semple et al. 2006; Osterreicher and Brenner 2007;

Wilfred de Alwis and Day 2007; Kallwitz et al. 2008). We have previously demonstrated

that the SNP rs3856806 (also termed C161T or C1431T) in the PPAR-γ gene was associated

with a higher susceptibility to NAFLD through the adiponectin pathway (Yang et al. 2008;

Zhou et al. 2010). Human and animal studies have shown a significant improvement in

biochemical and histological features in MS and NAFLD patients after PPAR-γ agonist

treatment (Caldwell et al. 2006; Kallwitz et al. 2008; Blackburn 2010). However, the data

mentioned above were not conclusive and even controversial (Dongiovanni et al. 2010; Rey

et al. 2010).

Currently, haplotype analysis has become an important tool to study the combining effect of

several SNPs on phenotype. A haplotype is a set of SNPs at a single chromosome of a

chromosome pair that are statistically associated. Determination of a few alleles associations

in a haplotype block can unambiguously identify all other polymorphic loci in this region.

Such information is valuable for investigating the genetics behind many diseases, and has

been applied to the human species by the International HapMap Projects (International

HapMap Consortium. 2003; International HapMap Consortium. 2005). In the present study,

HAPLOVIEW software was used to screen the tag SNPs. After the software programming,

rs10865710 at PPAR-γ3 promoter, rs7649970 at PPAR-γ2 promoter, rs1801282 at PPAR-γ2

exon B and rs3856806 at PPAR-γ exon 6 were selected for further investigation (Fig 1). The

literature has also documented the influence of these four SNPs on PPAR-γ activation. The

G allele of rs10865710 and the T allele of rs7649970 were associated with lower PPAR-γ

promoter activity (Meirhaeghe et al. 2003; Meirhaeghe et al. 2005). The G allele of

rs1801282 at PPAR-γ2 exon B linked to the decrease of PPAR-γ activation by altering the

12th amino acid residue at the beginning of PPAR-γ2 protein (Deeb et al. 1998). Our

previous studies showed rs3856806 in the PPAR-γ gene was associated with a higher

susceptibility to NAFLD (Yang et al. 2008; Zhou et al. 2010).

Methods

Participants

The participants were selected from a cross-sectional epidemiological survey on the

population of Guangdong province in southern China (Zhou et al. 2007). In the survey, 531

out of the total 3,543 participants (15.0%) were diagnosed as having NAFLD. Sampling of

this study was estimated by Quanto software (version 1.2.4) with the data of NAFLD

prevalence in southern China (Zhou et al. 2007). Totally 169 participants with typically

clinical and ultrasonographic manifestations were recruited in the NAFLD group, and 699

healthy subjects matched with age and gender were included as controls.
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Trained postgraduate students of Guangzhou Medical College, who were under the

supervision of experienced investigators, conducted a face to face interview for the

participants. Standard questionnaires, designed by the collaboration of epidemiologists and

hepatologists, included the following items: demographics, current medication use, medical

history and health relevant behaviors, i.e. alcohol consumption, smoking habits and dietary

habits. Physical examination included anthropometric measurements, such as body height,

body weight, waist circumference, hip circumference and other routine physical check-up

measurements. Laboratory assessments included fasting plasma glucose (FPG); fasting

insulin (FINS); plasma lipid profiles, such as total cholesterol (TC), triglycerides (TG), high-

density lipoprotein cholesterol (HDLc), low-density lipoprotein cholesterol (LDLc); serum

liver functions, such as alanine transaminase (ALT), aspartate transaminase (AST), markers

of hepatitis A virus (HAV), B virus (HBV) and C virus (HCV) and indices of insulin

resistance estimated by the homeostasis model assessment of insulin resistance (HOMA-IR).

Ultrasonography (US) was carried out for each subject on the same day as laboratory work

at a mobile examination center (Zhou et al. 2007).

This study complied with the 1975 Declaration of Helsinki and was approved by the Ethics

Committee of Guangzhou Medical College. Written consent was obtained from each

participant.

Anthropometric measurement

Height (m) and weight (kg) were measured to calculate BMI as weight (kg) / height (m2).

Waist circumference i.e. the minimum circumference between the costal margin and the

iliac crest and hip circumference (cm) were measured to calculate waist / hip ratio (WHR).

Biochemical assay

Serum and plasma samples were collected from fasting participants by routine methods and

stored at −80 °C until analysis. FPG were determined by the glucose oxidase method. The

plasma lipid profiles, i.e. TC, TG, HDLc, LDLc and serum liver functions, i.e. ALT, AST,

BIL and albumin levels were measured on a Hitachi 7060 automatic analyzer (Hitachi,

Tokyo, Japan) by enzymatic methods. Tests for the markers of HAV, HBV and HCV were

also carried out. Indices of IR were estimated by using HOMA-IR as described previously

(Matthews et al. 1985).

Diagnosis

NAFLD was diagnosed according to the guidelines for diagnosis and treatment issued by the

Chinese Liver Disease Association (Fatty Liver and Alcoholic Liver Disease Study Group of

the Chinese Liver Disease Association. 2006), which was adapted from the American

Gastroenterological Association’s guidelines (American Gastroenterological Association.

2002). Briefly, the diagnosis was based on the combination of medical history, clinical

symptoms and laboratory and ultrasonographic findings. Subjects with an average of weekly

ethanol consumption ≥ 140 grams for men (≥ 70 grams for women) were excluded. Patients

were excluded if there was evidence of other liver diseases such as viral hepatitis B and C in

their clinical history or upon examinations. Liver biopsy was taken when the diagnosis was

suspected. In this epidemiological study, only three subjects received biopsy. In most cases,
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NAFLD was diagnosed mainly by typical ultrasonographic findings after alcoholic liver

disease and other chronic liver diseases were ruled out.

Based on the MS criteria proposed by the International Diabetes Federation (IDF), patients

were diagnosed as having MS when their waist circumference was ≥ 90th plus at least two

of the following items were present: (1) increased concentration of TG: ≥ 150 mg/dL (1.7

mmol/L) or receiving specific treatment for high TG; (2) reduced concentration of HDLc: <

40 mg/dL (1.03 mmol/L) or receiving specific treatment for this lipid abnormality; (3)

elevated blood pressure: SBP ≥ 130 mmHg or DBP ≥ 85 mmHg or receiving treatment for

previously diagnosed hypertension; and (4) increased FPG concentration 100 mg/dL (5.6

mmol/L) or known T2DM (Zimmet et al. 2007).

The real-time ultrasonographic examination of upper abdominal organs was performed by

two experienced physicians using a scanner equipped with a 3.5-MHz transducer (Siemens

Adama, Erlangen, Germany). Physicians carrying out ultrasonography were unaware of the

program of the study. Ultrasonographic patterns of fatty liver disease appear as a ‘bright’

liver (brightness and posterior attenuation) with stronger echoes in the hepatic parenchyma

than in the renal parenchyma, vessel blurring and narrowing of the lumen of the hepatic

veins in the absence of findings suggestive of other chronic liver diseases. (Yajima et al.

1983; Mishra and Younossi 2007; Kim et al. 2009; Shannon et al. 2011).

Genetic analysis

The SNPs (rs10865710, rs7649970, rs1801282 and rs3856806) in PPAR-γ gene were

amplified by polymerase chain reaction and restriction fragment length polymorphism

(PCR-RFLP) methods with the sets of primers (obtained from Invitrogen Co. Shanghai,

China) that are listed in Table 1.

Statistical analysis

The data were analyzed using SPSS13.0 for windows (Chicago, IL, USA). Sample size and

power calculations were performed by Quanto software (version 1.2.4) (http://hydra.usc.edu/

gxe). HAPLOVIEW software (Cambridge, MA, USA) was used to screen tag SNPs. SHEsis

software (Shanghai, Bio-X Life Science Research Center, China) was applied for haplotype

analysis. A haplotypes’ allele frequency ≥ 3% were accepted for assessment (Shi and He

2005). Both SNPs and their haplotypes were compared across NAFLD and control groups.

Continuous data with normal distribution were expressed as mean ± standard deviation and

examined using the Student’s t-test. Continuous data with skewed distribution were

expressed as quartiles and examined using rank sum test. Categorical variables were

expressed as a percentage and examined using the Chi-square and Fisher’s tests. Hardy–

Weinberg test was performed to calculate allelic frequencies using the Chi-square test.

Multivariate logistic regression analysis was performed to estimate the odds ratios (ORs)

and 95% confidence intervals (CI) for the potential risk factors of NAFLD. Statistical

significance was set at p < 0.05 (two-tailed).
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Results

The prevalence of MS in NAFLD group (103/169, 60.9%) was significantly higher than that

in controls (52/699, 7.4%) (p < 0.001). The clinical features in NAFLD and control groups

were shown in Table 2. There was no significant difference in age and gender (p > 0.05).

The anthropometric and biomedical variables related to MS were significantly different

between the two groups (p < 0.01).

The distributions of the three SNPs (rs10865710, rs7649970 and rs1801282) obeyed Hardy–

Weinberg equilibrium in all subjects (Table 3), but rs3856806 did not (p = 0.042).

Therefore, rs3856806 was excluded of further investigation. The genotypic distributions of

the three loci in the PPAR-γ gene were shown in Table 4. The G allele frequency of

rs10865710 (C-681G) in NAFLD group (41.1%) was significantly higher than that (34.8%)

in controls (p = 0.03). The GG genotype distributions of rs10865710 in NAFLD group

(17.2%) differed significantly from that (11.2%) in the control group (p = 0.03).

Nevertheless, the differences at the other two SNPs (rs7649970 and rs1801282) were not

significant (p > 0.05).

When all variables were put into multivariate logistic regression analysis, GG genotype of

rs10865710 and BMI, FBG, ALT, TG, HOMA-IR, FINS, MS were the risk factors for

development of NAFLD (Table 5). The clinical features in subjects with or without

rs10865710 variation were shown in Table 6. There was no significant difference in most

anthropometric and biomedical variables except for FBG levels between GG (5.57 ± 1.29)

and GC + CC groups (5.38 ± 1.84) (p = 0.026). Remarkably, the GG genotype of

rs10865710 was a risk factor for NAFLD, but it did not reach the significance as an

independent risk factor for MS as a whole (p = 0.112).

When all the genotypes of the three loci entered haplotype analysis with SHEsis, six

haplotypes were found after programming. Only two haplotypes’ allele i.e. CCC and GCC

frequencies (a set of 3 SNPs at a single chromosome, corresponding to the alleles of the

rs10865710, rs7649970 and rs1801282 polymorphisms in this order) were accepted for

assessment (≥ 3%) between NAFLD and control groups. Haplotype GCC at PPAR-γ gene

conferred the risk (OR = 1.32, 95%CI: 1.03–1.70, p = 0.03), and haplotype CCC reduced the

risk (i.e. a protective factor) (OR = 0.76, 95%CI: 0.59–0.97, p = 0.03) of susceptibility to

NAFLD (Table 7).

Discussion

There is a substantial overlap in the pathogenesis of MS and NAFLD, as NAFLD represents

the hepatic manifestation of MS, and the accumulation of fat in the liver impairs insulin

sensitivity (Ryysy et al. 2000; Seppala-Lindroos et al. 2002; Mendez-Sanchez et al. 2007).

Theoretically, genetic variations of the candidate genes found in MS patients may be related

to NAFLD. In comparison to NAFLD, the relationships between the genotypes and

phenotypes of MS have been examined more extensively. A large number of SNPs in the

genes involved in IR and energy metabolism reported in MS might be associated with the

susceptibility to NAFLD (Meirhaeghe et al. 2005; Ranjith et al. 2008). The genetic
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variations (SNPs) may positively or negatively affect gene activities. We have reported

some SNPs increased the risk, while others decreased the risk of NAFLD development

(Zhou et al. 2010).

PPAR-γ has attracted attention in basic, animal and clinical researches. PPAR-γ agonists

such as thiazolidinedione have been recommended as therapeutic options for patients with

T2DM as well as NAFLD (Caldwell et al. 2006; Kallwitz et al. 2008; Blackburn 2010).

However, the effect of genetic polymorphisms in PPAR-γ on the pathogenesis of MS and

NAFLD has not been clearly documented. The results from the literature are controversial.

The SNPs at the PPAR-γ gene involved in MS may occur at many loci, such as rs10865710

(C-681G), rs7649970 (C-689T), rs1801282 (Pro12Ala), rs4135304 (G67222A), rs4135247

(A69208G), rs4135317 (G81556T), rs4135263 (T95872C), rs2959272 (T115432G),

rs709151 (C127599T), and rs3856806 (C161T or C1431T), but only a few of them have

been investigated extensively (Meirhaeghe and Amouyel 2004; Wei et al. 2006). The PPAR-

γ gene consists of three haplotype areas with nine exons and four promoters (Fajas et al.

1997). In this study, the three SNP loci were chosen from the international hapmap website

for humans (http://hapmap.ncbi.nlm.nih.gov/index.html.en) with HAPLOVIEW software

(International HapMap Consortium. 2003; Barrett et al. 2005; Haiman and Stram 2008).

The role of the SNP at rs1801282 (Pro12Ala) in MS and its component diseases i.e. obesity,

T2DM, dyslipidemia and hypertension has been well described. Most studies suggested an

inverse association of its polymorphism with the risk of T2DM and hyperglycemia because

the substitution of Ala to Pro resulted in reduced activity of PPAR-γ (Altshuler et al. 2000;

Jaziri et al. 2006; Badii et al. 2008; Heude et al. 2011). However, in a few studies, the

influence of the polymorphism was not significant (Tonjes and Stumvoll 2007; Yang et al.

2009). In contrast to the inverse association, Gupta et al. (2010) observed that the

heterozygous genotype of Pro12Ala in NAFLD group (34.7%) was significantly more

frequent than that in controls (23.9%) in a study enrolling 98 patients with biopsy confirmed

NAFLD and 280 matched healthy controls. This finding leads to a conclusion that Pro12Ala

variation of the PPAR-γ2 gene was associated with NAFLD. Kotronen et al. (2009) also

demonstrated that the SNP at the Pro12Ala was significantly associated with hepatic fat

content measured with proton magnetic resonance spectroscopy in a total of 302 patients.

Yang et al. (2012) observed that Pro/Pro genotype of Pro12Ala was an independent risk

factor for the development of NAFLD. In a study with 363 NAFLD patients confirmed with

liver biopsies and 259 healthy controls, Rey et al. (2010) revealed that the incidence of the

Ala12 mutant in NAFLD patients (3.4%) did not significantly differ from that (1.5%) in the

controls, and the mutation was not associated with the progression of fatty liver disease.

Dongiovanni et al. (2010) showed that the Ala to Pro substitution in PPAR-γ gene was not

associated with the severity of steatosis, necroinflammation, or fibrosis of the liver. So far,

findings from literature have been controversial, which might be explained by the difference

of the ethnicity and populations studied and also because of the low frequency of the Ala

allele in Asian. In the present study, rs1801282 variant was not associated with the

susceptibility to NAFLD. As the sample size of the present study was referred to the study

with Ye and Lv (2007), the frequency of the Ala allele in this study (6.10%) was eventually

lower than the earlier study (14.46%). Therefore, the power of the Pro12Ala SNP’s analysis
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was relatively low (25.17%). A study with a bigger sample size is needed to confirm our

conclusion.

The SNP rs3856806 (also termed C161T or C1431T) is another locus in PPAR-γ gene

frequently reported in the literature. Our previous study demonstrated that the T allele of

rs3856806 was associated with a higher susceptibility to NAFLD (Yang et al. 2008). The

results were consistent with most studies on MS-related diseases published before and after

ours (Liu et al. 2008; Wan et al. 2010). Unexpectedly, in this study, the distributions of

rs3856806 did not obey Hardy–Weinberg equilibrium, and was excluded for further

analysis.

Limited data describe the involvement of the polymorphisms at rs10865710 (C-681G) and

rs7649970 (C-689T) in disorders. The SNP rs10865710 was located in a binding consensus

site of signal transducer and activator of transcription 5B (STAT5B). The G allele of

rs10865710 completely abolished the binding of STAT5B to the cognate promoter element

as well as the transactivation of the PPAR-γ3 promoter by the growth hormone/STAT5B

pathway, which could lower the activity of the PPAR-γ3 promoter and influence lipid

homeostasis in humans (Meirhaeghe et al. 2003). The present study revealed that the GG

genotype at rs10865710 was associated with a higher susceptibility to NAFLD, but no

influence of rs7649970 was found. The results were supported by our haplotype analysis.

When the combined effect of the three SNPs was investigated, haplotype GCC was found to

be a risk factor, whereas haplotype CCC to be a protective factor for susceptibility to

NAFLD.

To our knowledge, this is the first study to systematically investigate the association of

several SNPs in PPAR-γ gene with the susceptibility to NAFLD. In addition to our previous

findings on rs3856806 (also termed C161T, or C1431T) (Yang et al. 2008; Zhou et al.

2010), we demonstrated that G allele of rs10865710 (C-681G) in PPAR-γ gene increased the

susceptibility to NAFLD, but no influence of rs7649970 (C-689T) and rs1801282

(Pro12Ala) was observed. The results were supported by the haplotype analysis. A

limitation of our study is that the diagnosis of NAFLD was based on ultrasonographic

findings, not the gold standard of histology. For ethical reasons, it is impossible to perform

liver biopsy in an epidemiological survey. The lack of biopsy made it difficult to interpret

the implications that the results might have for differentiating simple steatosis from NASH.

Susceptibility to NAFLD may not indicate a susceptibility to NASH. In order to limit this

disadvantage, we only included subjects with typical ultrasonographic patterns (medium and

advanced stages). Imaging modalities such as ultrasonography have a reasonably high

agreement, especially in the late stages of disease, in determining the diagnosis but not the

extent of NAFLD (Yajima et al. 1983; Mishra and Younossi 2007; Kim et al. 2009; Shannon

et al. 2011). Our study suggests that certain genetic variations in the PPAR-γ gene play a

role in the development of NAFLD. Further studies are required to elucidate the underlying

molecular mechanisms that link PPAR-γ polymorphisms to the pathogenesis of NAFLD.
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Figure 1. Locations of four loci in the PPAR-γ gene
The locations of four loci are indicated by arrows. Pr1 stands for promoter 1 of PPAR-γ

gene, deducing the rest from this. ATG-γ1 stands for the ATG-translation initiation codon of

PPAR-γ1, deducing the rest from this. Exons 1 to 6 are common to all isoforms. PPAR-γ1

contains the untranslated exons A1 and A2, PPAR-γ3 contains the untranslated exon A2.

PPAR-γ2 contains the translated exon B (28 amino acids). The PPAR-γ1, PPAR-γ3, and

PPAR-γ4 proteins are identical and translate by exons 1 to 6. PPAR-γ2 protein translates by

exon B and exons 1 to 6.
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Table 1

The primers of four SNPs at PPAR-γ gene

PPAR-γ SNPs* Primers

rs10865710 Forward 5’-TGTCGGGTCTCGATGTTG-3’

(C-681G) Reverse 5’-TGGTTATTAAGCCTAAGGTG-3’

rs7649970 Forward 5’-TAGAGAACTCCATTTTTTCATTATGACATAGCACTGAT-3’†

(C-689T) Reverse 5’-ACTGACTGCTATCTAAATTCTG-3’

rs1801282 Forward 5’-ACTCTGGGAGATTCTCCTATTGGC-3’†

(Pro12Ala) Reverse 5’-CTGGAAGACAAACTACAAGAG-3’

rs3856806 Forward 5’-GCCTGGATGACAGAGCAA-3’

(C161T) Reverse 5’-CAACTGGAAGAAGGGAAATG-3’

Forward, forward primer; Reverse, reverse primer

†
The underlined mismatched base introducing a restriction endonuclease recognition site (T→G for rs7649970 and C→G for rs1801282)

Tohoku J Exp Med. Author manuscript; available in PMC 2014 August 08.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Cao et al. Page 15

Table 2

Demographic and biochemical features of patients with NAFLD and normal controls

NAFLD Controls P-value

n 169 699 NA

Gender(M/F) 42 / 127 179 / 520 0.840

Age(yrs) † 56.00(49.00 – 65.50) 56.00(46.00 – 64.00) 0.55

Body height(cm) 157.27 ± 8.08 156.52 ± 8.08 0.288

Body weight(kg) 65.97 ± 10.74 53.69 ± 9.22 0.000

BMI(kg/m2) 26.59 ± 3.08 21.84 ± 2.86 0.000

SBP(mmHg) 135.90 ± 21.61 125. 49 ± 20.39 0.000

DBP(mmHg) † 84.00(78.00 – 92.00) 80.00(70.00 – 85.00) 0.000

Waist(cm) † 90.00(84.00 – 95.00) 75.00(69.00 – 81.00) 0.000

Hip(cm) † 100.00(95.00 – 103.00) 91.00(86.75 – 95.00) 0.000

WHR† 0.90(0.87 – 0.94) 0.83(0.78 – 0.87) 0.000

FPG(mmol/L) 6.37 ± 2.09 5.71 ± 1.68 0.000

TG(mmol/L) 2. 45 ± 1.90 1.28 ± 0.99 0.000

HDLc(mmol/L) † 1.20(1.02 – 1.49) 1.60(1.36 – 1.90) 0.000

LDLc(mmol/L) 2.74 ± 0.93 2.64 ± 0.90 0.198

TC(mmol/L) 5.69 ± 1.16 5.44 ± 1.09 0.009

ALT(mmol/L) 36.94 ± 31.83 17.88 ± 9.56 0.000

AST(mmol/L) 31.72 ± 14.87 27.34 ± 10.61 0.001

GGT(U/L) 42.54 ± 27.95 22.03 ± 13.27 0.000

ALP(U/L) 83.43 ± 28.03 75.99 ± 24.98 0.002

FINS(mlU/L) † 10.66(7.80 – 14.52) 5.05(3.39 – 7.34) 0.000

HOMA-IR † 2.84(2.03 – 4.03) 1.20(0.80 – 1.83) 0.000

HSCRP(mg/L) † 1.00(1.00 – 2.32) 1.00(1.00 – 2.30) 0.472

ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; DBP, diastolic blood pressure; FPG,
fasting plasma glucose; FINS, fasting insulin; GGT, gamma-glutamyl transpeptidase; HDLc, high-density lipoprotein cholesterol; HOMA-IR,
homoeostatic metabolic assessment insulin resistance index; HSCRP, high sensitive C-reactive protein; LDLc, low-density lipoprotein cholesterol;
NA, not analyzed; NAFLD, non-alcoholic fatty liver disease; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WHR, waist-to-
hip ratio.

†
Continuous data with skewed distribution
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Table 6

Demographic and biochemical features of subjects with and without rs10865710* variation

GG GC + CC P-value

n 107 761 NA

Gender(M/F) 27 / 80 194 / 567 0.954

Body height(cm) 158.14 ± 8.33 156.46 ± 8.03 0.033

Body weight(kg) 57.58 ± 11.73 55.84 ± 10. 52 0.134

BMI(kg/m2) 22.92 ± 3.54 22.73 ± 3.43 0.633

SBP(mmHg) 126.85 ± 21.05 127.60 ± 21.03 0.678

DBP(mmHg) † 80.00(75.00 – 86.00) 80.00(70.00 – 88.00) 0.398

Waist(cm) 79.26 ± 11.34 77.57 ± 10.29 0.178

Hip(cm) 93.41 ± 7.64 92.05 ± 7.42 0.095

WHR 0.85 ± 0.09 0.84 ± 0.08 0.735

FPG(mmol/L) 5.57 ± 1.29 5.38 ± 1. 84 0.026

TG(mmol/L) 1.57 ± 1.56 1.49 ± 1. 27 0.643

HDLc(mmol/L) 1.54 ± 0.46 1.60 ± 0. 77 0.396

LDLc(mmol/L) 2.57 ± 0.91 2.67 ± 0.90 0.201

TC(mmol/L) 5.41 ± 1.09 5.50 ± 1.11 0.471

ALT(mmol/L) 24.16 ± 25.15 21.30 ± 16.97 0.388

AST(mmol/L) 29.00 ± 15.85 28.03 ± 10.91 0.751

GGT(U/L) 29.95 ± 22.16 26.14 ± 19.17 0.079

ALP(U/L) 76.17 ± 24.69 77.88 ± 26.05 0.602

FINS(mlU/L) † 6.04(3.89 – 9.54) 5.68(3.71 – 8.79) 0.306

HOMA-IR † 1.44(0.93 – 2.45) 1.42(0.86 – 2.28) 0.592

HSCRP(mg/L) † 1.00(1.00 – 2.40) 1.00(1.00 – 2.30) 0.475

MS(+/−) 25 / 82 (23.4%) 130 / 631 (17.1%) 0.112

ALP, alkaline phosphatase ; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; DBP, diastolic blood pressure; FPG,
fasting plasma glucose; FINS, fasting insulin; GGT, gamma-glutamyl transpeptidase; HDLc, high-density lipoprotein cholesterol; HOMA-IR,
homoeostatic metabolic assessment insulin resistance index; HSCRP, high sensitive C-reactive protein; LDLc, low-density lipoprotein cholesterol;
MS, metabolic syndrome; NA, not analyzed; NAFLD, non-alcoholic fatty liver disease; SBP, systolic blood pressure; TC, total cholesterol; TG,
triglyceride; WHR, waist-to-hip ratio.

†
Continuous data with skewed distribution

*
rs10865710=C-681G
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Table 7

Haplotype frequencies of rs10865710, rs7649970 and rs1801282* run by SHEsis analysis

Frequencies

X2 Fisher's p Pearson's p OR 95%CI
NAFLD Control

CCC 0.5858 0.6505 4.8395 0.0279 0.0278 0.7561 0.5891,0.9704

GCC 0.3787 0.3180 4.8395 0.0279 0.0278 1.3226 1.0305,1.6975

Global 4.8395 0.0279 0.0278

X2, the chi-square value; Fisher's p, p value of Fisher's test; Pearson's p, p value of Pearson's test; OR, the odds ratio; 95%CI, 95% confidence
interval for OR

*
rs10865710=C-681G; rs7649970=C-689T; rs1801282=Pro12Ala
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