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Abstract

AIM: To determine the role of leptin system in non-al-
coholic fatty liver disease (NAFLD) development by deli-
neating the changes in serum levels of leptin and soluble
leptin receptor (sOB-R).

METHODS: Blood samples were collected from 30
consecutive patients with liver-biopsy-proven NAFLD and
30 patients with cholecystolithiasis (stationary phase) as
controls. Serum leptin levels were determined by radio-
immunoassay and concentration of sOB-R was measured
by ELISA. Body mass index (BMI) was calculated for all
subjects, and serum insulin, C-peptide, and lipoprotein
levels were also detected.

RESULTS: Mean serum leptin level and BMI in the
NAFLD group were significantly higher than in the con-
trols (both 2 < 0.001), but mean sOB-R level was lower
in the NAFLD group when compared to the controls. Both
men and women in the NAFLD group had higher mean
serum leptin levels and lower sOB-R levels than did the
men and women in the control group (all 7 < 0.001). The-
re was a significant negative correlation between serum
leptin and sOB-R levels (r = -0.725, P < 0.001). Multiva-
riate analysis showed that the percentage of hepatocyte
steatosis, sex, BMI, and homeostasis model assessment
of insulin resistance (HOMA IR) were independently rela-
ted to serum leptin levels.

CONCLUSION: Elevated serum leptin seems to be a
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feature of steatosis, and serum leptin seems to increase
as hepatocyte steatosis develops. An enhanced release
of leptin is accompanied by an decrease in sOB-R con-
centration, which suggests higher resistance of periphe-
ral tissues towards the action of leptin.
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INTRODUCTION

Leptin - the ob gene product - is a circulating 16-kDa
peptide hormone secreted mainly by adipocytes of white
fat tissue. It regulates food intake, body fat, insulin action,
thermogenesis, induction of angiogenesis, and modulation
of the immune system. Leptin synthesis in adipocytes is
regulated by several hormones'. Leptin action in periphe-
ral tissues involves interaction with specific transmembrane
receptors. The leptin receptor (Ob-R), which is a member
of the class-1 cytokine receptor family, may be an impoz-
tant determinant of leptin sensitivity. Ob-R was originally
demonstrated in hypothalamic neurons, through which
leptin regulates food intake and body weight”. Alongside
several membrane-bound isoforms of Ob-R, with varying
cytoplasmic length and with the same extracellular domain,
a soluble form of the leptin receptor (sOb-R) can be dem-
onstrated. sOb-R represents the main leptin-binding com-
pound in plasma, which results in fractions of bound and
free leptin in plasmam. The balance between the free form,
the rapidly bioavailable compartment, and bound leptin
regulates leptin bioavailability'”. However, the precise pa-
thophysiological role of sOb-R has not yet been defined.
Non-alcoholic fatty liver disease (NAFLD) is increa-
singly recognized as a common and potentially severe con-
dition often associated with obesity, type 2 diabetes and
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hyperlipidemia®™. However, the pathogenesis of NAFLD
remains unclear. Increased synthesis of fatty acids in the
liver, increased delivery of free fatty acids to the liver, and
decreased f-oxidation of free fatty acids may cause the
accumulation of fat in the liver'”. Therefore, fat in hepato-
cytes causes cellular dysfunction and may render the liver
more vulnerable to any factor that leads to inflammation.
Furthermore, hepatic steatosis, the hallmark of NAFLD"
may damage liver parenchyma.

The close relationship of leptin with adipose tissue
and fat stores of the body suggests its involvement in the
etiology and pathogenesis of NAFLD. Chitturi ez a/” have
shown that serum leptin levels are significantly higher in
subjects with non-alcoholic steatohepatitis (NASH), when
compared to controls. Furthermore, they have shown
that serum leptin is independently associated with the
degree of hepatic steatosis but not hepatic inflammation
or fibrosis. In addition to this study, there have been three
other published studies that have yielded conflicting re-
sults regarding the role of leptin in the pathogenesis of
NASH" ", Thus, the role of leptin in NAFLD is not yet
clear. Also, the relationship between sOB-R and NAFLD
is an unresolved issue. Since concentrations of sOB-R
are decteased in obese subjects when compared with lean
controls'?, an interaction between sOB-R and NAFLD is
suspected. However, currently no data on the association
of sOB-R with NAFLD disease are available. Therefore,
the objective of this study was to evaluate the association
between serum leptin and sOB-R levels and NAFLD.

MATERIALS AND METHODS

Patients

A total of 30 consecutive patients with liver-biopsy-proven
NAFLD were enrolled in the study from May 2007 to Sep-
tember 2007. NAFLD patients were admitted or referred
to our department with incidentally found liver enzyme
elevations. For the diagnosis of NAFLD and to rule out
other possible liver diseases, all patients underwent liver
biopsy. Thirty patients with cholecystolithiasis (stationary
phase) were recruited as controls. Liver biopsies were ob-
tained during an examination that preceded laparoscopic
cholecystectomy, using a 16-gauge bard core biopsy needle.
Informed consent was obtained from all patients.

All subjects underwent a detailed clinical and laboratory
evaluation, including liver function tests, hepatitis markers,
and autoantibodies, in addition to upper abdominal
ultrasonography. Alcohol consumption was absent in all
subjects. Subjects with previous or current history of
acute or chronic viral hepatitis; malignant disease; acute
infections; pituitary, adrenal, thyroid and pancreatic disease,
or evidence for any other endocrine disorder; or prolonged
use of corticosteroids or sex hormones were excluded.
The controls had normal liver enzymes and no clinical,
laboratory or imaging evidence of liver disease.

Clinic and laboratory evaluation

Overnight (12 h) fasting samples of serum obtained after
centrifugation were stored in aliquots at -70C until as-
sayed. Clinical and laboratory data were collected on the

date the liver biopsy was performed. A complete medical
history and physical examination was accomplished in all
patients and controls. Body mass index (BMI) was calcula-
ted. Laboratory evaluation included liver enzymes, glucose,
complete blood count, total cholesterol, triglycerides, viral
serology for hepatitis B and C, and autoantibodies. C-pep-
tide was measured by a direct, double antibody sequential
radioimmunoassay (RIA) (North Bio, Beijing, China).
Serum insulin was measured by enzyme immunoassay kits
(North Bio). The insulin resistance (IR) index was calcu-
lated on the basis of fasting values of plasma glucose and
insulin according to the homeostasis model assessment for
insulin sensitivity (HOMA) model formula: HOMA IR =
fasting insulin (mUI/L) X fasting glucose (mmol/L)/22.5.

Leptin levels were measured by RIA kits (North Bio).
The test utilizes '“I-labelled human leptin and human
leptin antiserum to determine the level of total (free of
and bound to serum proteins) leptin in serum. The test
was 100% specific for human leptin and the sensitivity
was 0.45 ng/mlL. The coefficient of variation (CV) was <
8.3% and < 6.2%, respectively, for intra- and inter-assay
vatiations (#z = 5). The total concentration of sOB-R was
determined using photometric ELISA kits (BioVendor
Laboratory Medicine Inc, Brno, Czech Republic), which
utilizes double monoclonal antihuman leptin receptor
antibodies labeled with horseradish peroxidase. This test
was 100% specific for human leptin receptors and the
sensitivity was 0.4 U/mL. The intra-assay (CV < 5.6%)
and inter-assay precision was good (CV < 5.5%). Samples
were diluted three times according to the manufacturet's
recommendation, and results higher than the higher
standard were run again at another dilution.

Liver histology

Liver biopsy specimens were at least 15 mm in length,
and had an appropriate number of portal tracts to make a
confident evaluation of histological features and diagno-
sis!"”. Slides were routinely stained with hematoxylin-eosin,
Masson’s trichrome and special stains for iron and coppet.
Liver biopsies were read by a single liver pathologist who
was unawate of the patients’ clinical and laboratory data.
Degtee of steatosis was assessed on a scale of 1-3: 1, mild
(5%-33% of hepatocytes affected); 2, moderate (33%-66%
of hepatocytes affected); and 3, severe (> 66% of hepato-
cytes affected). The grades of inflammation and stages of
fibrosis were modified to two categories as follows: mild
inflammation (Kleiner grades 0 and 1) and moderate-to-
severe inflammation (Kleiner grades 2 and 3), mild fibrosis
(stages 0-2), and advanced fibrosis (stages 3 and 4). NASH
was defined as steatosis plus lobular inflammation, plus eit-
her ballooning of hepatocytes or abnormal fibrosis (stages

1-4).

Statistical analysis

Hepatic steatosis was assessed as categorical (absent or
present) or a continuous variable from 0%-100%. Com-
parisons between the NAFLD group and controls were
made using Student’s 7 test for continuous variables and
the XZ or Fisher’s exact probability test for categorical
data. All values are presented as mean + SD. P < 0.05 was
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considered to be statistically significant. Multiple linear
regression has been used in multivariate analysis of factors
associated with leptin levels, including age, sex, steatosis,
BMI, sOB-R, C-peptide and IR.

RESULTS

Comparison of patients and controls

Clinical and biochemical characteristics of the patients
with NAFLD and controls are compared in Table 1. Se-
rum leptin levels were found to be significantly higher in
patients with NAFLD as compared with the controls
(P < 0.001), and subjects with NAFLD had significantly
lower levels of sOB-R, and higher levels of insulin and
HOMA than the controls. There was no significant diffe-
rence in serum total cholesterol, triglyceride, C-peptide or
glucose levels in patients with NAFLD when compated
with the controls.

Gender difference in serum leptin and sOB-R levels

As expected, serum leptin levels were significantly higher
in women than in men in the NAFLD group (P = 0.002).
In contrast, sOB-R levels were significantly lower in
women compared with men in the NAFLD group (P =
0.018). For this reason, comparisons were made between
men and women separately. Both men and women in the
NAFLD group had higher mean serum leptin levels and
lower sOB-R levels than did the men and women in the
control group (all P < 0.001, Table 2).

Histological Evaluation

Upon histological staging, steatosis was mild in 17 patients,
moderate to severe in 13; inflammation was mild in 16,
and moderate to severe in 14; and fibrosis was absent
in nine, mild in 21, and advanced in one patient. As
summarized in Table 3, patients with moderate to severe
steatosis had significantly higher levels of leptin than those
with mild steatosis. Similarly, patients with moderate to
severe steatosis were more insulin resistant as indicated
by higher values of HOMA-IR. sOB-R levels were higher
in the mild steatosis group than in the moderate to severe
steatosis group, but the difference was not significant

(P = 0.098).
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Figure 1 Correlation between serum leptin and sOB-R.

Correlation between serum leptin and sOB-R
There was a significant negative correlation between serum

leptin and sOB-R levels (» = -0.725, P < 0.001; Figure 1).

Relationship of serum leptin and sOB-R levels with BMI
The proportion of obese patients was rather low in the
study population. Therefore, to determine the relation-
ship between obesity and leptin more clearly, the NAFLD
patients wete divided into two groups according to mean
BMI (26.5) as a cut-off point. Thus, patients with a BMI
of 26.5 were defined as overweight. There were 12 patients
with a BMI = 206.5, and there were 18 patients with a BMI
< 26.5. The serum leptin levels and HOMA IR values
were significantly higher in the overweight group than in
the normal weight group (P < 0.001 and P = 0.01, respec-
tively). In addition, the sOB-R levels were significantly
lower in the overweight group than in the normal weight
group (P < 0.001,Table 4). Age, sex, BMI, HOMA IR,
C-peptide and steatosis were tested in an overall multiple
linear regression model, and the percentage of hepatocyte
steatosis, sex, and BMI were independently related to se-
rum leptin levels (Table 5).

DISCUSSION

The findings of the present study show that the adipocyte-
derived hormone leptin is involved in metabolic abnorma-
lities that lead to steatosis in NAFLD patients. Significant-
ly high levels of serum leptin in NAFLD patients were
found. In contrast to increased leptin level, the concen-
tration of sOB-R significantly decreased in patients with
NAFLD as compared to controls. As expected, the serum
leptin level was significantly higher in women. Such a gen-
der difference in serum leptin levels has been reported pre-
Viouslym]. Leptin is exclusively expressed in adipose tissue
and secreted from white adipose cells"”. The difference is,
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Table 2 Leptin and sOB-R results according to gender

Male Female
NAFLD Control P NAFLD Control P
n 15 14 16
Leptin (ng/mL) 9.07 £2.22 489+173 <0.001 12.73 +3.43 613+£201  <0.001
sOB-R (ng/mL) 19.58 +4.04 23.92 +2.36 <0.001 16.41 +£2.70 23.15 +2.86 <0.001

Table 3 Leptin and sOB-R results in relatin to degree of

steatosis

Steatosis (7 = 30)

Mild Moderate to severe P
n 17 13
Gender (F/M) 9/8 6/7 0.7
Leptin (ng/mL) 9.42+276 12.84 +£3.23 0.004
sOB-R (ng/mL) 18.99 +£2.95 16.70 £ 4.36 0.098
HOMA IR 2.98 +0.86 420+0.83 0.001

Table 4 The results of BMI, leptin and sOB-R tests in NASH

patients with normal weight and overweight

Overweight Normal weight
(BMI = 26.5) (BMI < 26.5) P
n 12 18
Female/Male 8/4 9/9 0.5
Leptin (ng/mL) 13.73 £2.96 9.02+2.14 <0.001
sOB-R (ng/mL) 15.16 £2.10 19.89 +£3.40 <0.001
HOMA IR 4.06 +1.06 3.14 £ 0.86 0.01

therefore, in part, due to the higher percentage body fat in
women. In addition, our study showed that serum leptin
levels were strongly correlated with BMI or fat mass, con-
sistent with a number of previous studies"*™. Also, the
above results suggest a significant difference between not-
mal and overweight NAFLD patients with regard to serum
leptin levels.

The antisteatotic effects of leptin, which can curtail in-
trahepatic lipid accumulation (lipotoxicity), have been de-
monstrated in rodents. Thus, we considered whether leptin
could play a similar role in NAFLD. Steatosis is a feature
of clinical states characterized by defective leptin signal-
ling. Steatosis is therefore often present in obese individu-
als"” who are generally leptin resistant, and also in patients
with congenital generalized lipodystrophy, a syndrome of
leptin deﬁciency[zo]. One of the important results of the
study was that higher serum leptin levels were detected in
patients with moderate to severe steatosis, compared with
mild steatosis. The finding was inconsistent with a simple
antisteatotic effect of leptin, which assumes that serum
leptin values correlate with leptin biological activity in he-
patocytes. There are two most likely explanations for the
above finding. Firstly, leptin is inextricably related to IR. It
has been suggested that leptin may contribute to hepatic
steatosis by promoting IR and by altering insulin signaling
in hepatocytes, so as to promote increased intracellular

Table 5 Multiple linear regression analysis (R = 0.895) with

serum leptin levels as a dependent variable in patients with
NAFLD

Variable Coefficient SE t P

Age -0.040 -0.099 -1.371 0.183
Sex 2.128 0.319 4.295 <0.001
BMI (kg/m’) 0.529 0.485 5.838 <0.001
C-peptide (nmol/L)  -0.866 -0.075 -1.072 0.295
HOMA IR 0.744 0.227 2.399 0.025
Steatosis (%) 1.329 0.247 2.675 0.014

fatty acids”. Moreover, at a later stage, leptin may cause
hepatic steatosis to turn into steatohepatitis by amplifying
selected proinflammatory responses’ . This explanation
is mainly based on the effect of insulin on hepatic fat me-
tabolism. In this study, an elevation of serum insulin level
and HOMA IR in NAFLD patients, in comparison to the
controls, was detected, which supports the latter suggesti-
on. Secondly, those patients who develop NAFLD differ
from obese individuals who do not develop NASH by ha-
ving a state of peripheral (hepatic) leptin resistance (inade-
quate leptin signaling or/and decteased levels of sOB-R).

The biological relationship between leptin and its so-
luble receptor has previously been well established in ani-
mal models, as well as in various other clinical conditions,
such as obesity, puberty™, pregnancy™ and inflammati-
on™. However, to the best of our knowledge, the serum
level of sOB-R has not previously been described in
NAFLD patients. In this study, a strong negative correla-
tion was found between serum levels of leptin and sOB-R
in patients with NAFLD.

The low sOB-R levels in NAFLD patients may be part
of a feedback mechanism aimed at reducing the increase
in leptin. High free leptin levels were observed in morbid-
ly obese subjects, probably caused by high leptin release
by adipocytes due to abundant food intake. Interestingly,
during food restriction, circulating leptin levels in lean and
obese subjects drop dramatically within 1 d after onset of

. [25] . . . . .
starvation” ", which indicates that leptin release is strongly
reduced. On the other hand, plasma sOB-R might function
like the soluble IL-6 receptor for the cytokine I1L-6 (also a
member of the gp-130 receptor family) and enhance leptin
signaling. An increase in the bioavailability of leptin in ob/
ob mice by overexpression of sOB-R leads to an improved
weight-reducing effect of exogenous leptinlm. It has been
suggested that decreased serum levels of sOB-R result in
adequate leptin signaling in NAFLD. Furthermore, the ori-
gin of sOB-R in plasma is also unclear at present. It may
originate from alternative splicing of the OB-R or from

www.wjgnet.com
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full-length functional OB-Rs released by enzymatic clea-
vage. In line with this, sOB-R levels in plasma may reflect
the amount of OB-R expressed by tissues. The finding of
decreased serum levels of sOB-R in NAFLD suggests an
increased resistance of peripheral tissues to the action of
leptin, due to decreased expression and secretion of the
OB-R. This might be in agreement with the proposed lep-
tin resistance in morbidly obese subjects” ™.

In conclusion, this study shows that increased serum
concentrations of leptin are involved in NAFLD. En-
hanced release of leptin is accompanied by a decrease in
sOB-R concentration, which suggests higher resistance of
peripheral tissues towards the action of leptin. However,
the precise pathophysiological role of leptin and sOB-R
has not yet been defined. We suggest that further studies
should focus on local expression of leptin and its receptor
in tissues of non-adipose origin, since the expression of
leptin has been shown to be non-specific for adipocytes.
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COMMENTS

Background

The exact pathogenesis in non-alcoholic fatty liver disease (NAFLD) is poorly
understood, but some studies have analyzed the role of a variety of soluble
peptides and other mediators. The close relationship of leptin with adipose tissue
and fat stores of the body suggests its possible involvement in the etiology and
pathogenesis of NAFLD.

Research frontiers

There have been several studies on the association between leptin and NAFLD,
which have yielded conflicting results regarding the role of leptin in the pathogene-
sis of NASH. Since concentrations of the SOB-R are decreased in obese subjects
when compared with lean controls, interaction between sOB-R and NAFLD is
suspected. However, currently no data on the association of sOB-R with NAFLD
disease are available.

Innovations and breakthroughs

The study showed elevated levels of leptin with a corresponding decrease in the
concentration of sOB-R in patients with NAFLD. Although the results of laboratory
experiments are not readily applicable to the clinical situation, these findings offer
further insight into the role of leptin in the pathogenesis of NAFLD.

Applications

The results from this study confirm higher resistance of liver towards the action
of leptin. This encourages us to study promising new drugs for treating NAFLD to
improve leptin resistance in future clinical trials.

Peer review

This study aimed to investigate the role of leptin system in NAFLD development by
delineating the changes in serum levels of leptin and sOB-R. The authors found a
higher resistance of peripheral tissues towards the action of leptin. This is an inte-
resting subject.
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