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ABSTRACT

Background: Peroxisome proliferator–activated receptor �

(PPAR�) plays important roles in lipid metabolism. A recently dis-
covered L162V polymorphism of the PPAR� gene is associated
with enhanced transcriptional activity. In this study, the frequency
of L162V was investigated in nonalcoholic steatohepatitis (NASH)
and genotype 1 hepatitis C virus (HCV)-related liver steatosis.
Methods: Seventy-two NASH and 141 HCV-infected patients (54
with steatosis, 87 without steatosis) and 119 healthy controls were
included. L162V polymorphism of the PPAR� gene was analyzed
by polymerase chain reaction (PCR) and restriction fragment
length polymorphism (RFLP).
Results: PCR and RFLP analysis of the related gene segment was
successful in 93%, 96%, and 100% of NASH and HCV-infected
patients and controls, respectively. The frequency of the L162V
polymorphism was similar in the NASH and HCV-infected patients
and controls (5.9%, 3.6%, and 2.5%, respectively). No difference
in the frequency of this polymorphism was observed in HCV-
infected patients with or without significant liver steatosis. L162V
was not associated with obesity, type 2 diabetes mellitus, hyper-
cholesterolemia, or hypertriglyceridemia.
Conclusions: Neither NASH nor genotype 1 HCV-related liver
steatosis seems to be associated with the PPAR� L162V polymor-
phism. This polymorphism may have no association with the pres-
ence of type 2 diabetes mellitus, obesity, or various blood lipid
alterations in NASH and HCV-infected patients.

Key Words: peroxisome proliferator–activated receptor �, L162V,
polymorphism, fatty liver, nonalcoholic steatohepatitis, hepatitis C
virus

Nonalcoholic steatohepatitis (NASH) represents the pro-
gressive form of nonalcoholic fatty liver disease (NAFLD),
which is characterized by predominantly macrovesicular
steatosis of the liver.1 NASH may progress to cirrhosis, liver
failure, and hepatocellular carcinoma.2–5 A growing body
of evidence supports a multihit hypothesis in the patho-
genesis of NASH. Insulin resistance associated with or
without obesity and metabolic syndrome is thought to
have a central role in the pathogenesis of NAFLD and
NASH and to account for the first hit in the development
of NASH.6–9 Insulin resistance leads to accumulation of
free fatty acids in the liver by favoring peripheral lipolysis
and hepatic uptake of fatty acids. This fatty acid load in
the liver is counterbalanced by increased fatty acid oxida-
tion, which produces reactive oxygen species and leads to
oxidative stress.10 Further hits involve several pathogenic
stimuli, such as toxic substances produced during
increased fatty acid oxidation, endotoxemia, and activa-
tion of proinflammatory cytokines, all of which cause
oxidative stress and resultant steatohepatitis.11–14

Recent studies point to the importance of peroxisome
proliferator–activated receptor � (PPAR�) in the develop-
ment of NAFLD and NASH. PPAR� is a ligand-activated
transcription factor and has an important role in lipid
homeostasis. Following activation by its endogenous or
exogenous ligands, PPAR� forms a heterodimer with the 
9-cis retinoic acid receptor (RXR), and PPAR/RXR het-
erodimers bind to deoxyribonucleic acid (DNA)
sequences, termed PPAR response elements, present in
the 5�-flanking region of target genes.15–17 PPAR� induces
fatty acid oxidation in mitochondria, peroxisomes, and
microsomes, and there appears to be a crosstalk between
these three fatty acid oxidation systems, with PPAR� play-

ORIGINAL INVESTIGATION

Peroxisome Proliferator–Activated Receptor � L162V
Polymorphism in Nonalcoholic Steatohepatitis and Genotype 1
Hepatitis C Virus–Related Liver Steatosis
Hasibe Verdi, Elif Sare Koytak, Oguz Önder, Ayça Arslan Ergül, Kubilay Cinar, Ramazan Idilman, Esra Erden,
Abdurrahman Mithat Bozdayi, Cihan Yurdaydin, Özden Uzunalimoglu, Hakan Bozkaya

From the Institute of Hepatology (H.V., A.A.E., A.M.B., C.Y.,
O.U., H.B.), Department of Gastroenterology (E.S.K., O.O., K.C.,
R.I., A.M.B., C.Y., H.B.), School of Medicine, and Department of
Pathology (E.E.), School of Medicine, Ankara University,
Ankara, Turkey.

Address correspondence to: Dr. Hakan Bozkaya, Depart-
ment of Gastroenterology, School of Medicine, Ankara Univer-
sity, Tip Fakultesi Hastanesi, 06100 Dikimevi, Ankara, Turkey;
e-mail: Hakan.Bozkaya@medicine.ankara.edu.tr.

ˇ
ˇ

JIM 05027  11/14/2005  2:05 PM  Page 353

 on M
ay 1, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.2310/6650.2005.53706 on 10 D

ecem
ber 2015. D

ow
nloaded from

 



ing a controlling role.18–21 The findings in animal experi-
ments point to the importance of PPAR�-inducible fatty
acid oxidation systems in the pathogenesis of NAFLD and
NASH.22–25 Disruption of the PPAR� gene in mice causes
liver steatosis by reducing mitochondrial fatty acid oxida-
tion, whereas dramatic activation of PPAR� by disruption
of peroxisomal acyl coenzyme A oxidase leads to steato-
hepatitis by induction of microsomal oxidation that pro-
duces radical oxygen species.21–25

Recently, a polymorphism in the PPAR� gene, leucine to
valine change at codon 162 localized to exon 5 (L162V), has
been described. This polymorphism was shown to enhance
the transcriptional activity of PPAR� in transfection
assays.26 PPAR� L162V polymorphism has been reported to
be associated with altered lipid and apobetalipoprotein
concentrations and with a decreased body mass index,
especially in patients with type 2 diabetes mellitus.26–30

So far, no study has addressed the importance of the
L162V polymorphism in NASH, which is frequently asso-
ciated with insulin resistance and lipid abnormalities.
Another condition associated with hepatic steatosis is
chronic hepatitis C virus (HCV ) infection. Genotype 3
HCV-associated liver steatosis is likely due to viral fac-
tors.31,32 However, liver steatosis is also observed in HCV
infection owing to other genotypes. The body of evidence
points to host factors in genotype 1 HCV-associated liver
steatosis.32 In this context, fatty liver may be secondary to
the existence of NASH with chronic HCV infection. We
therefore decided to also explore the L162V polymorphism
in patients infected with genotype 1 HCV, which is the
most frequently encountered genotype in Turkish patients
with chronic HCV infection.33 In this group, patients with
and without prominent liver steatosis were examined sep-
arately.

PATIENTS AND METHODS

Study Samples and Data Collection

Seventy-two biopsy-proven NASH patients and 141
patients with chronic genotype 1–HCV infection were
studied. None of the patients were infected with other
hepatitis viruses or had any other identifiable causes of
transaminase elevation, including drug toxicity and
autoimmune or metabolic liver disease. Alcohol intake
was absent or less than 20 g per week in all of these
patients. In addition, none of the patients had any evi-
dence of systemic disease, including collagen-vascular,
neoplastic, cardiopulmonary, or renal disease. The demo-
graphic data (age, gender, body mass index); blood chem-
istry, including liver enzymes, glucose, cholesterol, and
triglyceride levels; and the presence of diabetes mellitus,
were recorded for each patient. One hundred nineteen
healthy subjects served as controls. These control subjects
had a normal body mass index and normal blood chem-
istry and were negative for viral serology.

Histologic Assessment

Liver histology was assessed according to Knodell’s scoring
system in patients with chronic hepatitis C.34 The diagnosis
of NASH was based on the presence of fat accumulation,
lobular inflammation including polymorphonuclear leuko-
cytes, perisinusoidal fibrosis in zone 3, hepatocyte balloon-
ing with or without poorly formed Mallory’s hyaline, and
glycogenated nuclei. The amount and extent of steatosis,
lobular inflammation, ballooning, lobular disarray, portal
inflammation, and fibrosis were determined and scored as
previously reported.35 Among patients with chronic hepati-
tis C, patients with liver steatosis of < 30% were classified as
group 1 and those with significant liver steatosis (� 30%)
were classified as group 2. HCV genotyping was performed
by polymerase chain reaction (PCR) and restriction frag-
ment length polymorphism (RFLP) analysis.33

Detection of PPAR� L162V Polymorphism

A blood sample was drawn from each patient and from
healthy controls for DNA isolation. Cellular DNAs were
kept at �20�C until PCR analysis. In the mismatch PCR,
the following primers generating HinfI restriction site were
used for further RFLP analysis27:

Ex 5 F 5� GAC TCA AGC TGG TGT ATG ACA AGT 3�

Ex 5 R mismatch 5� CGT TGT GTG ACA TCC CGA CAG
AAT 3� (T = mismatch nucleotide)
Following preparation of 1.25 U Taq polymerase, 2.5 mM

magnesium chloride, and 0.2 mM deoxynucleotide phos-
phate, forward and reverse primers (10 pmol each) were
added. The final volume of the reaction was adjusted to 50
µL. The annealing temperature of the reaction was 61�C.
Following application of HinfI endonuclease enzyme to
PCR products, while a 117 bp band was visualized for a nor-
mal allele, two separate bands of 93 bp and 24 bp were
observed for a mutant allele on 2% agarose gel elec-
trophoresis (Figure 1).
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FIGURE 1 Gel electrophoresis showing several cases with a single band
of normal alleles (L162V). L = leucine; V = valine.
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RESULTS

Patient Characteristics

The patient groups included 72 NASH patients (average
age 45 years; 49 males/22 females) and 141 patients with
chronic HCV infection (average age 50 years; 60 males/81
females). The control group consisted of 119 healthy sub-
jects (average age 35 years; 56 males/63 females). Eighty-
seven (61%) of 141 HCV-infected patients were group 1
(steatosis < 30%), and the remaining 54 patients (39%)
were group 2 (steatosis � 30%). Obesity was more fre-
quently found in NASH patients compared with HCV-
infected patients (32.8% vs 19.1%, respectively; p < .05).
Among HCV-infected patients, a comparable number of
patients with (23.5%) and without (16.4%) significant liver
steatosis had obesity.

Frequency of L162V Polymorphism

In 67 (93%) of 72 NASH patients and 136 of 141 (96%)
patients with chronic hepatitis C, the gene segment har-
boring the polymorphic site at position 162 of PPAR�

could be amplified by PCR. PCR amplification was suc-
cessful in all of the 119 control subjects. The frequency of
the L162V polymorphism did not differ between patient
groups and controls (Table 1): 4 of 67 (5.9%) NASH
patients and 5 of 136 (3.6%) chronic hepatitis C patients
had the L162V polymorphism. Among the five HCV-
infected patients with this polymorphism, three (3.5%)
patients were in group 1, and the remaining two (3.9%)
were in group 2. Three (2.5%) controls had the L162V poly-
morphism. Table 2 shows the clinical characteristics of
subjects with the L162V polymorphism. None of the
patients with this polymorphism were obese, and only one
patient (NASH) had hypercholesterolemia and hyper-
triglyceridemia.

Association between the L162V Polymorphism and 
Type 2 Diabetes Mellitus

Diabetes mellitus was present in 35 patients, with no dif-
ference in frequency between NASH and HCV-infected
patients: 10 of 67 (15%) NASH and 25 of 136 (18.3%) HCV-
infected patients. Although not significant, a higher num-
ber of HCV-infected patients with steatosis had diabetes
mellitus compared with those without liver steatosis
(25.4% vs 14.1%, respectively). In each patient group, the
number of patients with diabetes mellitus was similar in
patients with and without the L162V polymorphism
(Table 3). In addition, the frequency of this polymorphism
was not different in patients with (1/35; 2.8%) and without
(8/168; 4.7%) diabetes mellitus when all patients were
considered (Table 4).

Association between the L162V Polymorphism and Lipid
Abnormalities

Both hypercholesterolemia and hypertriglyceridemia were
more frequently found in NASH patients compared with
HCV-infected patients (50.7% and 56.7% vs 14.7% and
21.3%, respectively; p < .0001 for both comparisons). Among
HCV-infected patients, patients with liver steatosis more fre-
quently had hypertriglyceridemia compared with those
without liver steatosis (34% vs 21.3%; p < .05) (see Table 3).
The frequencies of both lipid abnormalities were similar in
patients with and without the L162V polymorphism in each
patient group (see Table 3). The L162V polymorphism was
observed with similar frequency in hypercholesterolemic
patients (1/54; 1.85%) versus normocholesterolemic
patients (8/149; 5.3%) and in hypertriglyceridemic patients
(1/67; 1.5%) versus normotriglyceridemic patients (8/136;
5.8%) (see Table 4).

Association between the L162V Polymorphism and Body
Mass Index

Interestingly, none of the patients with the L162V poly-
morphism were obese. However, in each patient group, the
difference in the number of obese patients with and with-
out the L162V polymorphism did not reach statistical sig-
nificance (see Table 3). When all patients were taken into
account, the frequency of this polymorphism was compa-
rable in obese patients (0/48, 0%) versus nonobese
patients (9/155; 5.8%) (see Table 4).

DISCUSSION

PPAR� is a key regulator of fatty acid oxidation and plays
important roles in lipid metabolism. Variations in expres-
sion and activity of this molecule can have an impact on
the development of NASH, which is frequently associated
with abnormalities in lipid metabolism and the existence
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TABLE 1 Frequency of Peroxisome Proliferator–Activated
Receptor � Polymorphism in Patients and Controls in Whom
the PPAR� Gene Was Successfully Amplified by Polymerase
Chain Reaction

Groups L162V (%)

NASH (n = 67) 4 (5.9)

HCV (n = 136) 5 (3.6)

Without significant steatosis (n = 85) 3 (3.5)

With steatosis (n = 51) 2 (2.9)

Controls (n = 119) 2 (2.5)

HCV = hepatitis C virus; NASH = nonalcoholic steatohepatitis.
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of the metabolic syndrome.6 The L162V polymorphism of
the PPAR� gene was reported to enhance transactivation
function but not increase the expression of this molecule.26

This polymorphism has been found to be associated with
several in vivo lipid and apolipoprotein abnormalities.26–29

This study is the first to investigate the role of this poly-
morphism in NASH patients. NASH patients did not differ
from healthy controls with respect to the frequency of the
PPAR� L162V polymorphism, suggesting that the L162V
polymorphism has no impact on the development of
NASH. A similar conclusion can also be drawn for geno-
type 1 HCV-related liver steatosis in view of the lack of a
difference in mutant allele frequencies in chronic hepati-
tis C patients with steatosis versus without steatosis and
healthy controls.

Insulin resistance is thought to be a key event in the
development of NAFLD and NASH, and NASH is fre-
quently observed in patients with type 2 diabetes and
metabolic syndrome. In the present study, mutant allele
frequencies were similar in patients with type 2 diabetes
mellitus versus nondiabetics. In addition, the frequency of

diabetes mellitus did not differ in patients with and with-
out the L162V polymorphism. Although a relatively lower
number of subjects were included in our study, our find-
ings support the results of previous studies in which the
L162V polymorphism was not found to be associated with
type 2 diabetes mellitus.26,27,30,36 Our results are also con-
sistent with the findings of a recent report in which the fre-
quency of the L162V polymorphism was not found to dif-
fer between patients with and without metabolic
syndrome.29 Despite the absence of an association
between the L162V polymorphism and metabolic syn-
drome, the L162V polymorphism has been associated with
some components of metabolic syndrome, such as
abdominal obesity and some lipid metabolism abnormal-
ities.29

Hypercholesterolemia, hypertriglyceridemia, and obe-
sity are common abnormalities in NASH patients. In fact,
a higher number of NASH patients had increased blood
lipid levels and were obese when compared with patients
with chronic hepatitis C in the present study. However,
overall, neither hypercholesterolemia nor hypertriglyc-
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TABLE 2 Characteristics of Subjects with L162V Polymorphism

Patient Age Body Mass Diabetes Cholesterol Triglyceride ALT/AST GGT 
Groups Sex (yr) Index (kg/m2) Mellitus (mg/dL) (mg/dL) (U/L) (U/L) Histology

NASH

1 Male 42 28 � 223 323 55/27 89 Inflammation: 1

Fibrosis: 0

2 Male 56 29 � 156 144 97/69 150 Inflammation: 1

Fibrosis: 1

3 Male 34 28 � 178 88 83/60 28 Inflammation: 1

Fibrosis: 1

4 Male 41 27 � 150 95 90/55 72 Inflammation: 1

Fibrosis: 1

HCV

Steatosis�

1 Female 43 26 + 108 107 91/121 60 HAI: 10

2 Male 64 25 — 156 118 43/41 11 HAI: 14

3 Female 53 24 � 188 49 40/37 130 HAI: 7

Steatosis+

1 Female 55 24 � 186 123 46/40 40 HAI: 12

2 Female 63 28 � 99 74 96/65 54 HAI: 11

Controls

1 Female 29 26 � 180 105 20/15 35

2 Male 27 23 � 122 80 18/14 28

3 Male 43 24 � 110 52 22/13 25

ALT = alanine transaminase; AST = aspartate transaminase; GGT = �-glutamyltransferase; HAI = histologic activity index (Knodell); HCV = hepatitis C
virus; NASH = nonalcoholic steatohepatitis.
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eridemia was associated with the L162V polymorphism.
There was also no association between the L162V poly-
morphism and obesity. Owing to the low frequency of the
L162V polymorphism and the relatively small sample size
in our study, it is difficult to make a clear-cut conclusion
on relationships between the L162V polymorphism and
several metabolic alterations. However, our findings are in
accordance with the results of some previous studies in
which the L162V polymorphism was not found to be asso-
ciated with blood lipid abnormalities or with body mass
index in healthy controls, diabetics, and patients with
coronary artery disease.27,30,36 In contrast, carriers of L162V
were reported to have higher apolipoprotein B and low-
density lipoprotein cholesterol levels, even in subjects
without a metabolic disease.26 Although this latter finding
suggests that this polymorphism may be associated with
some specific lipid abnormalities, these associations may
be limited only to diabetic patients.26,27 Furthermore, a
recent study reported an association between the L162V
polymorphism and body mass index only in diabetic
patients.30 Variations in the expression and the activity of
PPAR�, its ligands, and PPAR� response elements in dif-
ferent diseases and in different metabolic conditions may
determine the weight of this polymorphism in several
metabolic alterations.

The mechanism of liver steatosis in patients with
chronic hepatitis C is not well understood. In genotype 3–
infected patients, viral factors may be responsible for liver
steatosis. HCV core protein was shown to cause liver

steatosis in transgenic animals and may alter lipid metab-
olism in humans.31,37 In our series, all patients were
infected with genotype 1 HCV, which is responsible for
more than 80% of chronic HCV infection in Turkey.33 In our
hepatitis C patient cohort, no difference in the frequency
of the L162V polymorphism was observed among patients
with steatosis versus those patients without significant
steatosis. In genotype 1 infection, liver steatosis is mostly
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TABLE 4 L162V Frequency in Patients with or without Various
Metabolic Alterations

Metabolic Alteration L162V (%)

Obesity

Present (48) 0

Absent (155) 9 (5.8)

Hypercholesterolemia

Present (54) 1 (1.85)

Absent (149) 8 (5.3)

Hypertriglyceridemia

Present (67) 1 (1.5)

Absent (136) 8 (5.8)

Diabetes

Present (35) 1 (2.8)

Absent (168) 8 (4.7)

TABLE 3 Frequency of Metabolic Abnormalities in Patients with and without L162V Polymorphism

Obesity Hypercholesterolemia Hypertriglyceridemia
Groups (> 30 kg/m2) (%) (> 200 mg/dL) (%) (> 200 mg/dL) (%) Diabetes (%)

NASH (n = 67) 22 (32.8) 34 (50.7) 38 (56.7) 10 (15)

L162V + (n = 4) 0 1 (25) 1 (25) 0

L162V � (n = 63) 22 (35) 33 (52) 37 (58.7) 10 (15.8)

HCV (n = 136) 26 (19.1)* 20 (14.7)** 29 (21.3)** 25 (18.3)

HCV without steatosis (n = 85) 14 (16.4) 9 (10)** 11 (13)*** 12 (14.1)

L162V + (n = 3) 0 0 0 1 (33)

L162V � (n = 82) 14 (17) 9 (11) 11 (13.4) 11 (13.4)

HCV with steatosis (n = 51) 12 (23.5) 11 (21.5)** 18 (34) 13 (25.4)

L162V + (n = 2) 0 0 0 0

L162V � (n = 49) 12 (24.4) 11 (22.4) 18 (36.7) 13 (26.5)

Controls (n = 119) 0 0 0 0

L162V + (n = 3) 0 0 0 0

L162V � (n = 116) 0 0 0 0

HCV = hepatitis C virus; NASH = nonalcoholic steatohepatitis.
*p < .05 versus NASH.
**p < .0001 versus NASH.
***p < .005 versus HCV with steatosis.
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attributed to some host factors.31,37,38 In fact, in our study,
hypertriglyceridemia was more frequently observed in
chronic hepatitis C patients with liver steatosis compared
with those without prominent liver steatosis. In addition,
although it did not reach statistical significance, diabetes
mellitus was more frequent in patients with steatosis
compared with those without steatosis. These findings
support the idea that development of liver steatosis in
genotype 1 HCV infection is mainly dependent on the
presence of several host pathologies, such as diabetes mel-
litus and lipid abnormalities. However, several lines of evi-
dence suggest that such abnormalities can be caused by
the virus itself.31,37 Further studies are needed to under-
stand the mechanism and the weight of host and viral fac-
tors in the development of liver steatosis in chronic hepa-
titis C.

In summary, neither NASH nor genotype 1 HCV-related
liver steatosis seems to be associated with the PPAR�

L162V polymorphism. This polymorphism may not be
associated with blood lipid abnormalities, the presence of
type 2 diabetes mellitus, or obesity in NASH patients. The
role of other host factors in the development of NASH and
genotype 1 HCV-related liver steatosis may need to be fur-
ther investigated.
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