
Abstract. – Background: Some studies
have pointed to a role of leptin and insulin resis-
tance in pathogenesis of non alcoholic fatty liver
disease (NAFLD). The aim of our study was to
investigate the influence of Lys656Asn polymor-
phism LEPR gene on the histological changes,
insulin resistance and leptin levels in overweight
patients.

Material and Methods: A population of 76
patients with NAFLD was recruited in a cross
sectional study. A biochemical analysis of serum
was measured. Genotype of LEPR gene
Lys656Asn was studied. 

Results: Nineteen patients (25%) had the
genotype Lys656Asn and 4 patients genotype
Asn656Asn (mutant type group) and 53 patients
(69.7%) Lys656Lys (wild type group). Body mass
index, weight, fat mass, waist circumference,
waist to hip ratio, glucose levels and HOMA-IR
were higher in mutant than wild type group.
LEPR polymorphism is in any way related with
liver lesions. The multivariate analysis adjusted
by age, sex, BMI and genotype showed an inde-
pendently association of lobular inflammation
4.19 (CI95%: 1.37-12.77), portal inflammation
1.97 (CI95%: 1.05-3.74) and steatosis 9.23
(CI95%: 1.47-57.83) with HOMA. Liver steatosis
was associated with leptin levels (1.09 (CI95%:
1.06-1.18)), too. 

Conclusion: Lys656Asn polymorphism of
LEPR gene is associated with obesity parame-
ters, insulin resistance and glucose levels in pa-
tients with NAFLD. In logistic regression analy-
sis, only insulin resistance was associated with
portal inflammation), lobular inflammation and
steatosis; liver steatosis was related with leptin
levels, too.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a
liver disease characterized by elevated serum
aminotransferases levels and accumulation of fat
in liver accompanied by inflammation and necro-
sis resembling alcoholic hepatitis in the absence
of heavy alcohol consumption1,2. Obesity is con-
sidered the most important risk factor and insulin
resistance has been associated with fat liver and
NAFLD, too3. The association with insulin resis-
tance and obesity has also suggested that
NAFLD should be considered part of the meta-
bolic syndrome4. NAFLD is a complex metabolic
condition in which both lifestyle and genetic fac-
tors have a pathogenic role.

Adipose tissue secretes several bioactive pro-
teins, or adipocytokines, that regulate hepatic and
peripheral glucose metabolism. Leptin, an
adipocyte-derived hormone, has been showed to
play an important role in the pathogenesis of
NAFLD. For example, Hui et al5 suggested that
raised serum leptin levels in non alcoholic steato-
hepatitis (NASH) may be a reflection of the fail-
ure of leptin to stimulate hepatic lipid turnover, it
could be called as a leptin resistance status.

The discovery of mutations in the leptin gene
and its receptor in rodent models of obesity and in
rare cases of morbid obesity patients indicates that
leptin functions as an afferent signal in a negative
feedback that regulates energy balancing6. This
has been demonstrated in some severely obese hu-
mans who are homozygous for a mutation in the
leptin receptor, who have very high leptin levels7.
These mutations are extremely rare and cannot be
responsible for obesity in the general population.
Different polymorphisms in leptin receptor gene
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have been studied with unclear results8. The poly-
morphism on codon 656 produces a change in
charge, making this change a possibility to be
functional in this receptor. Leptin receptors have
been identified in hypothalamic regions and in pe-
ripheral tissues such as pancreatic beta cells9, mus-
cle, adipose tissue and hepatocytes. Leptin has
been shown to be able to modulate insulin secre-
tion and action through these receptors. Moreover,
Lu et al10 have demonstrated that polymorphism of
LEPR gene 3057 probably contributes to the onset
of NAFLD by regulating insulin sensitivity. In
other study11, it has been demonstrated that LEPR
polymorphism Lys109Arg is not related with
NAFLD. However, as far as we know, the relation-
ship of LEPR polymorphism Lys565Asn with
NAFLD has not been evaluated.

The aim of our study was to investigate the in-
fluence of Lys656Asn polymorphism LEPR gene
on the histological changes, insulin resistance
and leptin levels in overweight patients.

Subjects and Methods

Subjects
During the period January 2007-July 2010,

consecutive 76 Caucasian obese subjects were re-
cruited for this study. The exclusion criterias
were alcohol consumption, diabetes mellitus,
fasting glucose intolerance, hepatitis B, C, cy-
tomegalovirus, Epstein Barr infections, nonor-
gan-specific autoantibodies, medication (blood-
pressure lowering medication and statins) and
hereditary defects (iron and copper storage dis-
eases and alpha 1-antitrypsin deficiency). The
study was approved by the institutional Ethics
Committee. Patients signed an informed consent.

Liver Biopsies
The diagnosis of NAFLD was confirmed by

percutaneous liver biopsy performed in all sub-
jects with a 1.6 mm Menghini-type biopsy nee-
dle. Liver samples were routinely processed, sec-
tioned, and stained with hematoxilin-eosin and
Manson’s trichome. All biopsies were studied by
the same liver pathologist (T.A.G.). Histology
was analysed using the Brunt classification12.
Steatosis was graded as follows: mild (<33% of
hepatocytes affected); moderate-severe (≥33% of
hepatocytes affected). The Brunt system also in-
cludes as grading: portal inflammation, bal-
loning, lobular inflammation and stating fibrosis:

Stage 1: zone 3 perivenular perisinusoidal/peri-
cellular fibrosis, focal or extensive;

Stage 2: as above with focal or extensive peri-
portal fibrosis;

Stage 3: bridging fibrosis, focal or extensive;
Stage 4: cirrhosis. In our study, fibrosis variable

was divided as absent or presence and inflam-
mation (portal and lobular) stage was divided
as mild or moderate-severe. 

Procedures
In all subjects, blood sampling was performed

in the fasting state at 08.00 hours. After clotting,
blood samples were centrifuged for 10 min at
8000 rpm. Serum was stored at –80ºC for later
determination. Basal glucose, insulin, insulin re-
sistance (HOMA), total cholesterol, LDL-choles-
terol, HDL-cholesterol, triglycerides and leptin
blood levels were analyzed.

Serum total cholesterol and triglyceride con-
centrations were measured by enzymatic colori-
metric assay (Technicon Instruments, Ltd., New
York, N.Y., USA), while HDL cholesterol was
determined enzymatically in the supernatant after
precipitation of other lipoproteins with dextran
sulfate-magnesium. LDL cholesterol was calcu-
lated using Friedewald formula. 

Plasma glucose levels were measured by using
an automated glucose oxidase method (Glucose
analyser 2, Beckman Instruments, Fullerton, CA,
USA). Insulin was measured by RIA (RIA Diag-
nostic Corporation, Los Angeles, CA, USA) with
a sensitivity of 0.5 mUI/L (normal range 0.5-30
mUI/L)13 and the homeostasis model assessment
for insulin resistance [(HOMA-IR)= (fasting
blood glucose x fasting insulin)/22.5)] was calcu-
lated using these values14.

Leptin was measured by ELISA (Diagnostic
Systems Laboratories, Inc., Minneapolis, MN,
USA) with a sensitivity of 0.05 ng/ml and a nor-
mal range of 10-100 ng/ml, interassay coeffi-
cients of variation were less than 15%12.

Anthropometric Measurements
Height and weight were measured in light

clothing, body weight was measured to an accu-
racy of 0.1 kg and body mass index was calcu-
lated as body weight/(height2). Waist and hip
circumferences were measured and waist-to hip
ratio (WHR) was calculated by the ratio of
waist to hip circumference. Tetrapolar body
electrical bioimpedance was used to determine
body composition. An electric current of 0.8
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Table I. Changes in anthropometric variables.

p < 0.05 (statistical differences). BMI: Body mass index.

Lys656Lys Lys656Asn and Asn656Asn
Parameters (N = 53) (N = 23) p

Age (years) 43.1 ± 11.1 43.8 ± 14.6 0.85
BMI 32.2 ± 8.8 36.9 ± 11.5 0.02
Weight (kg) 89.6 ± 20.3 102.3 ± 36.7 0.01
Fat mass (kg) 22.9 ± 7.4 28.6 ± 11.5 0.001
Waist circumference (cm) 98.1 ± 13 105.4 ± 14.9 0.002
Waist to hip ratio 0.93 ± 0.1 0.98 ± 0.1 0.02
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test. Continuous variables with normal distribu-
tion were analyzed with a two-tailed, paired Stu-
dent’s-t test. Non-parametric variables were ana-
lyzed with the Mann-Whitney U test. Categorical
variables were analyzed with the chi-square test,
with Yates correction as necessary, and Fisher’s
test. Multivariate stepwise logistic regression was
used to select the variables independently associ-
ated with histological variables of liver biopsies,
all the models adjusted by age, sex, body mass
index and genotype. Hardy-Weinberg equilibri-
um was assessed. A p-value under 0.05 was con-
sidered statistically significant. All statistical
analyses were conducted by using the SPSS sta-
tistical package ver. 15.0 (SPSS Software, Chica-
go, IL, USA).

Results

Univariate Analysis
Seventy six patients gave informed consent

and were enrolled in the study. The mean age
was 43.3±12.1 years and the mean BMI 33.7±7.9
with 50 males (65.8%) and 26 females (34.2%).
Nineteen patients (6 females/13 males) (25%)
had the genotype Lys656Asn and 4 patients (1 fe-
male/3 male) genotype Asn656Asn (mutant type
group) and 53 patients (12 females/39 males)
(69.7%) Lys656Lys (wild type group).

The anthropometric characteristics are sum-
marized in Table I. BMI, weight, fat mass, waist
circumference and waist to hip ratio were higher
in mutant than wild type group.

Table II shows the differences in cardiovascu-
lar risk factors. Glucose levels and HOMA were
higher in mutant type group than wild type
group. No differences were detected in other bio-
chemical parameters.

mA and 50 kHz was produced by a calibrated
signal generator (Biodynamics Model 310e,
Seattle, WA, USA).

Genotyping of LEPR Gene Polymorphism
Genomic DNA was extracted from peripheral

blood leucocytes by the phenol chloroform
method. Oligonucleotide primers and probes
were designed with the Beacon Designer 4.0
(Premier Biosoft International®, Los Angeles,
CA, USA). The polymerase chain reaction (PCR)
was carried out with 250 ng of genomic DNA,
0.5 ul of each oligonucleotide primer (primer for-
ward: 5’-GCA GTT CCT ATG AGA GGA CC-
3’; primer reverse: 5’-AAA TTG GGA ATA
CCT TCC AAA GT-3’), and 0.25 µL of each
probes (wild probe: 5’-Fam-AGT GAC ATT
TTT CTC CTT TTT CAT AGT ATC-Tamra-3’)
and (mutant probe: 5’-Hex-AGT GAC ATT TTT
CTC GTT TTT CAT AGT AT- Tamra -3’) in a 25
µL final volume [Termociclador iCycler IQ (Bio-
Rad®), Hercules, CA, USA]. DNA was denatur-
ized at 95ºC for 3 min; this was followed by 50
cycles of denaturation at 95ºC for 15 s, and an-
nealing at 59.3º for 45 s). The PCR were run in a
25 µL final volume containing 12.5 µL of IQTM
Supermix (Bio-Rad®, Hercules, CA, USA) with
hot start Taq DNA polymerase. Hardy-Weim-
berger equilibrium was assessed. 

Statistical Analysis
Sample size was calculated to detect differ-

ences over 1 units of HOMA with 90% power
and 5% significance (n=70). The statistical
analysis was performed for the combined
Lys656Asn and Asn656Asn as a mutant group
and wild type G308G as second group (Domi-
nant model). The results were expressed as mean
± standard deviation. The distribution of vari-
ables was analyzed with Kolmogorov-Smirnov
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Table III shows the histological lesions in rela-
tion to both genotypes. Patients with mutant type
group presented similar ratios of mild/moderate-
severe portal inflammation, mild/moderate-se-
vere portal inflammation, mild/moderate-severe
portal steatosis and absent/presence of fibrosis
than patients with wild type group. LEPR geno-
type did not influence on histological changes of
liver in these NAFLD patients.

In the analysis by histological lesions, patients
with moderate-severe steatosis had higher levels
of HOMA (2.7±1.4 vs 5.0±1.4: p < 0.05), leptin
(29.3±20.1 vs 48.5±30.1 pg/ml: p < 0.05), insulin
(10.2±4.1 vs 18.2±11.1 mUI/L: p< 0.05), fat
mass (22.6±8.7 vs 25.4±8.2 kg: p < 0.05), weight
(84.3±19.2 vs 100.4±30.2 kg: p < 0.05) and BMI
(29.9±6.5 kg/m2 vs 36.5±11.2 kg/m2: p < 0.05)
than patients with mild steatosis. Patients with
moderate-severe lobular inflammation had higher

levels of HOMA (3.3±2.5 vs 4.4±2.5: p < 0.05),
leptin (26.6±21.1 vs 45.9±36.1 pg/ml: p < 0.05),
insulin (12.9±7.7 vs 15.5±7.1 mUI/L: p < 0.05),
fat mass (19.7±8.3 vs 26.3±7.7 kg: p < 0.05),
weight (85.8±17.2 vs 97.2±31.2 kg: p < 0.05)
and BMI (30.3±6.5 vs 35.6±11.1 kg/m2: p < 0.05)
than patients with mild lobular inflammation.
Patients with moderate-severe portal inflamma-
tion had higher levels of HOMA (3.5±2.4 vs
5.2±2.6: p < 0.05), insulin (13.2±9.1 vs 18.1±8.1
mUI/L: p < 0.05), leptin (30.3±25.1 vs 64.5±46.1
pg/ml: p < 0.05), fat mass (23.3±8.5 vs 26.6±8.4
kg: p < 0.05), weight (89.1±19.2 kg vs
106.1±41.2: p < 0.05) and BMI (32.1±8.2 vs
38.4±13.1 kg/m2: p < 0.05) than patients with
mild portal inflammation. Patients with liver fi-
brosis had higher levels of HOMA (3.6±2.3 vs
5.5±3.1: p < 0.05), insulin (13.5±9.3 vs 19.5±9.1
mUI/L: p < 0.05), leptin (31.9±26.1 vs 71.7±46.1
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Table II. Classical cardiovascular risk factors.

Ch.: Cholesterol. TG: Triglycerides. HOMA-IR: Homeostasis model assessment. p < 0.05 (statistical differences).

Lys656Lys Lys656Asn and Asn656Asn
Parameters (N = 53) (N = 23) p

Glucose (mg/dl) 103.1 ± 22 118.0 ± 31.1 0.02
Total ch. (mg/dl) 191.5 ± 51.6 207.4 ± 48.8 0.67
LDL-ch. (mg/dl) 118.8 ± 43.8 131.4 ± 43.4 0.48
HDL-ch. (mg/dl) 54.9 ± 25.4 49.3 ± 11.4 0.54
TG (mg/dl) 136.1 ± 87 133.5 ± 87.8 0.91 
Insulin (mUI/L) 14.0 ± 10.3 15.2 ± 6.9 0.61
HOMA-IR 3.6 ± 2.5 4.5 ± 2.4 0.02
Leptin (ng/mL) 35.6 ± 29.1 46.8 ± 35.1 0.11

Table III. Histological parameters.

Chi square test, no statistical differences. (%) frequencies in each genotype group, the amount of mild and moderate-severe
damage is 100%.

Lys656Lys Lys656Asn and Asn656Asn
Parameters (N = 53) (N = 23)

Steatosis
Mild 33 (68.8%) 15 (31.3%)
Moderate-Severe 20 (71.4%) 8 (28.6%)
Lobular inflammation
Mild 22 (66.7%) 11 (33.3%)
Moderate-severe 31 (63.1%) 12 (27.9%)
Portal inflammation
Mild 41 (70.7%) 18 (29.3%)
Moderate-severe 12 (70.6%) 5 (29.4%)
Fibrosis 
Absent 44 (69.8%) 19 (30.2%)
Presence 9 (68.3%) 4 (30.7%)



pg/ml: p < 0.05), fat mass (23.3±8.5 vs 26.6±8.4
kg: p < 0.05), weight (88.5±19.8 vs 115.9±43.2
kg: p < 0.05) and BMI (31.5±7.2 vs 43.2±15.1
kg/m2: p < 0.05) than patients without fibrosis.

Multivariate Analysis
Choosing each histological parameter as a de-

pendent variable, multivariate stepwise logistic
regression was used to select other variables in-
dependently associated. The multivariate analysis
adjusted by age, sex, BMI and genotype with the
dependent variable (portal inflammation) showed
that HOMA remained in the model, with an in-
crease of the probability to develop moderate-se-
vere inflammation of 1.97 (CI95%: 1.05-3.741)
with each increase of one unit on HOMA levels.
The model with the dependent variable (lobular
inflammation) showed that HOMA remained in
the model, with an increase of the probability to
develop moderate-severe inflammation of 4.19
(CI95%: 1.37-12.77) with each increase of one
unit on HOMA levels. The next model with the
dependent variable (steatosis) showed that
HOMA and leptin levels remained in the model,
with an increase of the probability to develop
moderate-severe steatosis of 9.23 (CI95%: 1.47-
57.83) with each increase of one unit on HOMA
levels and 1.09 (CI95%: 1.06-1.18) with each in-
crease of each ng/ml of leptin levels. The multi-
variate analysis with the dependent variable (fi-
brosis) did not showed independent variables.

Discussion 

The present study demonstrates that
Lys656Asn polymorphism of LEPR gene is asso-
ciated with obesity parameters, insulin resistance
and glucose levels in patients with NAFLD. In
logistic regression analysis, only insulin resis-
tance was associated with portal inflammation,
lobular inflammation and steatosis; liver steatosis
was related with leptin levels, too. 

Previous studies have been detected associa-
tion between polymorphism on codon 656 and
cardiovascular risk factors, as our study. In post-
menopausal women with intolerance of glucose
(IGT), associations were found with Lys565Asn
for fasting insulin, as well as in response to an
oral glucose tolerance test (OGGT)15. In other
study with nondiabetic obese patients16,
Lys565Asn genotype was associated with high
levels of insulin and HOMA. Moreover, in dia-

betic obese patients, Lys565Asn genotype was
associated with high levels of HOMA, C reactive
protein, leptin and fat mass17. Leptin has been
shown to be able to modulate insulin secretion
and action through these receptors. In vitro, a di-
rect leptin-induced inhibition of basal and glu-
cose-stimulated insulin secretion was shown in
pancreatic islets under conditions of high con-
centrations or prolonged exposure9. Leptin was
also shown to be able to modulate insulin-in-
duced activities in adipocyte, hepatocyte and
muscle cells18,19. These effects could be mediated
by both peripheral mechanisms related to leptin
receptors in peripheral organs and central ner-
vous system pathways, probably through the au-
tonomic nervous system20. However, although
our results show a clear relationship between in-
sulin resistance and hepatic lesions of NAFLD,
as well as a link between the LEPR polymor-
phism and insulin resistance, there was no rela-
tionship between polymorphism and hepatic le-
sions. This lack of association does not have a
clear explanation, may be due to confounding
factors not tested, like other genetic or environ-
mental variables.

Moreover, Marchesini et al21 demonstrated a
closely correlation between insulin resistance
(HOMA) and NAFLD, too. Other Authors have
been detected this relation using the clamp tech-
nique22-24 with results supporting our conclu-
sions. The nature of the connection between in-
sulin resistance and hepatic steatosis remains
unclear25. In obese patients, the primary abnor-
mality may be genetically induced insulin resis-
tance, with a secondary increase of serum
triglyceride levels due to enhance of peripheral
lipolysis. The resulting hepatic supply of fatty
acids and insulin may increase triglyceride de-
position in the liver24,25.

The role of leptin on hepatic lesions of NAFLD
is less clear. In animal experiments, obese and di-
abetic ob/ob mice, which are leptin deficient, de-
veloped steatohepatitis but not liver fibrosis when
fed a methionine–choline-deficient (MCD) diet26,
but an obese/diabetic experimental model (db/db
mice) showed development of marked liver fibro-
sis for NASH and suggested an important role for
LEPR in the pathogenesis of NASH27, while lep-
tin injections attenuate their fatty livers and meta-
bolic abnormalities28. Patients with type 2 dia-
betes mellitus complicated with NAFLD had
higher plasma leptin levels that those without
NAFLD10, suggesting that leptin may play an im-
portant role in the pathogenesis on NAFLD. Lep-
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tin therapy may reduce liver enzymes, body mass
index (BMI), hepatic fat content and histological
features of steatohepatitis29.

Common variants in the human LEPR gene
have been demonstrated to associate with insulin
resistance, obesity and leptin levels15-17, so it may
be hypothesized that variants in LEPR gene may
be associated with NAFLD. In some studies11,
polymorphism of LEPR gene (Lys109Arg) is in
any way related with NAFLD. Nevertheless, Lu
et al10 suggested that polymorphism of LEPR
Pro1019Pro may be an independent predictor of
NAFLD. Perhaps, these differences in the influ-
ence of the LEPR polymorphisms on hepatic le-
sions can be explained by the different mutations
caused by polymorphism. LEPR Pro1019Pro
caused a mutation, it is located in the intracellu-
lar domain which is involved in the interactions
with Janus-activated kinase (JAK) and signal
transducers ad activators of transcription
(STAT)30. Nevertheless, the cross sectional de-
sign of our study showed the lack of association
of this polymorphism with liver lesions in
NAFLD patients. Therefore, interaction between
gene and environmental factors could influence
in liver damage or cardiovascular risk factors as-
sociated with NAFLD development, such as dia-
betes mellitus in the following years of these pa-
tients. For example, two polymorphisms
(Lys109Arg, Gln223Arg) in the extracellular do-
main of the leptin receptor predicted the conver-
sion to type 2 diabetes patients from high-risk
patients (longitudinal studies)31.

In conclusion, Lys656Asn polymorphism of
LEPR gene is associated with obesity parame-
ters, insulin resistance and glucose levels in pa-
tients with NAFLD. In logistic regression analy-
sis, only insulin resistance was associated with
portal inflammation, lobular inflammation and
steatosis; liver steatosis was related with leptin
levels, too. Further studies are needed to further
evaluate this exciting area of work, with constant
new discoveries32,33.
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