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Abstract

AIM: To determine serum leptin levels and investigate their
correlations with anthropometric and metabolic parameters
and biochemical liver function in patients with chronic
hepatitis C virus (HCV) infection and their potential clinical
implications.

METHODS: Forty-two chronic HCV-infected patients
without anti-viral treatment were enrolled in this study,
30 patients had chronic hepatitis C, 10 had cirrhosis, and
2 had hepatocellular carcinoma (HCC). Thirty age- and
sex-matched healthy individuals served as controls. Serum
leptin levels were determined by ELISA. The biochemical
liver function and serum lipids were determined at the
same time. The height and body weight of patients and
controls were measured, and body mass index (BMI) and
body fat were calculated simultaneously. The correlations
of serum leptin levels with anthropometric and metabolic
parameters and biochemical liver function were assessed
statistically.

RESULTS: The mean of serum leptin levels in patients
with chronic hepatitis C, HCV-associated cirrhosis, HCV-
associated HCC and control groups was (6.13+3.94),
(5.25+4.21), (4.17£0.28), and (3.59+3.44) ng/mL,
respectively. The serum leptin level in patients with chronic
hepatitis C was significantly higher than that in controls.
The serum leptin levels between cirrhotic patients and
controls and between male and female cirrhotic patients
had no significant difference. Serum leptin levels were
positively-correlated with body fat, BMI, and apolipoprotein
B (Apo B) in patients with chronic HCV infection. The serum

alanine aminotransferase (ALT) levels were closely-
correlated with BMI in patients with chronic hepatitis C.

CONCLUSION: HCV infection interferes with fat and lipid
metabolism in patients with chronic HCV infection and leptin
may play a role in hepatosteatosis.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatitis C virus (HCV) infection is a wotldwide public health
problem. HCV infection frequently leads to chronic hepatitis,
which may progress to cirthosis and even to hepatocellular
carcinoma (HCC)Pl. The mechanisms responsible for the
pathogenesis of chronic HCV infection are not well known.
One of the common and prominent histopathologic features
in patients with chronic HCV infection is the presence of
hepatic steatosis, which is believed to be an important co-
factor in accelerating the development of liver fibrosis!*”.
Previous studies demonstrated that chronic HCV infection
has close correlations with fat and lipid metabolism®™” and
that there is a significant relationship between hepatic steatosis
and fibrosis in chronic hepatitis C'*'2. The relationship
between body mass index (BMI), steatosis, and fibrosis in
chronic HCV-infected patients suggests a role of steatosis
in the progression of hepatitis CI'¥l. Recent attention has
been focused on the liver profibrogenic role of leptin in
animal models"™ and serum leptin levels have been investigated
in European and North American patients with chronic HCV
infection in terms of the important role of leptin in the
regulation of body fat and lipid metabolism. These studies
demonstrated that serum leptin levels correlate with hepatic
steatosis in chronic hepatitds CI'”, the levels of leptin inctease
according to the progression of the stage of fibrosis in chronic
HCV-infected patients and the severity of liver fibrosis is
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associated with high leptin levels in chronic hepatitis CI'l.

Furthermore, clinical observations showed that fatigue, a
common symptom in hepatitis patients, is associated with
high circulating leptin levels in chronic hepatitis C!'" and
interferon-alpha antiviral therapy can decrease and suppress
leptin levels in chronic hepatitis C patients"®"). These data
suggest that leptin may play a role in the regulation of hepatic
fibrosis in patients with chronic HCV infection® although
it is controversial®!.

There are differences in the relationship between body
fat and BMI among different ethnicities™ and compatisons
of anthropometric measurements showed that Asians have
lower BMI but higher body fat than whites®. Leptin levels
have been shown to be associated with anthropometric
parameters such as BMI, total body fat, and subcutaneous
fat. Moreover, gender, ethnicity, body composition, and fat
distribution have effects on serum leptin concentrations?*.
However, no report has documented the role of leptin in
Chinese patients with chronic HCV infection so far.

In this study, serum leptin levels in Chinese patients with
chronic HCV infection without antiviral treatment were
investigated, and their relationships with simultaneously
determined anthropometric measurements, metabolic
parameters, and biochemical liver function were analyzed
to elucidate the role of leptin in Chinese patients with chronic
HCYV infection and the potential clinical significance.

MATERIALS AND METHODS

Patients

Forty-two HCV-infected patients were studied. All patients
were anti-HCV positive and had detectable serum HCV RNA
except for two HCC patients. Thirty of them were clinically
diagnosed with chronic hepatitis C, 10 with HCV-associated
cirrhosis, and two with HCV-associated HCC. All patients
had at least two documented occasions of increased serum
alanine aminotransferase (ALT) levels 6 mo prior to enrollment,
which were higher than the upper normal limit measured at
intervals of more than 2 mo. Alcoholics and intravenous
drug users or homosexual persons and patients with usage
of hepatotoxic drugs, herbal medicine or immuno-suppressive
therapy within the past 6 mo were excluded, and none of
these patients had chronic renal failure, clotting abnormalities,
hemophilia, serious neurological disorders, obesity, chronic
viral hepatitis B or delta, HIV infection, autoimmune disease
(anti-nuclear antibody titer >1:40), and/or inheritable
disorders such as hemochromatosis, alpha-1-antitrypsin
deficiency or Wilson’s disease, and other metabolic disorders
such as diabetes and thyroidism. None of the patients had
any antiviral therapies before recruitment and all of them
had stable body weight for at least 4 wk before enrollment.
All the cirrhotic and HCC patients had no ascites. Informed
consent was obtained from all patients. Thirty healthy age-
and gender-comparable blood donors served as controls.

Methods

Blood samples were obtained from all subjects after
overnight fasting. Samples were centrifuged and sera were
stored at -25 “C. Body height (m) and weight (kg), waist and

hip circumference (cm) were taken with standard methods.

BMI was calculated by weight/height®. Fat distribution in
abdomen (waist-to-hip ratio, WHR) was calculated by waist
citcumference/hip circumference. Body fat was calculated
according to the formulae 1.2XBMI+0.23Xage-16.2 and
1.2xBMI+0.23Xage-5.4 for male and female subjects,
respectively.

Serum anti-HCV was detected by ELISA using commercially
available diagnostic kits for antibody to HCV from Sino-
American Biotechnology Company (Zhengzhou, China).
Quantification of serum HCV RNA was performed
using commercial HCV fluorescence PCR diagnostic kits
manufactured by Daan Gene Co., Ltd. (Zhongshan
University, Shenzhen, China). The sensitivity of this HCV
RNA assay was 80 copies/mL. Serum-soluble leptin levels wetre
determined by commercial ELISA kits (R&D Systems Inc.,
Minneapolis, MN, USA). The sensitivity was 0.02 ng/ml..
It had no cross reaction with interleukin (IL)-1, I1-2, I1.-4,
1L-6, IL-8, fibroblast growth factor, epidermal growth
factor, platelet-derived growth factor, tumor necrosis factor
(INF), soluble TNF-receptor 11, and interferon. Intra- and
inter-assay variabilities were <10.5%. Serum total cholesterol,
triglyceride, HDL cholesterol, LDL cholesterol, Apo Al,
Apo B, and biochemical liver function were assayed on an
automatic analyzer (HITACHI 7170A, Hitachi Koki Co.,
Ltd., Hitachinaka City, Japan).

Statistical analysis

Data were expressed as mean®SD and analyzed with SPSS
11.0 software. Statistical analysis was performed using two-
tailed Fishet’s exact test, two-tailed Student’s ~test, ¥ test,
and analysis of covariance wherever appropriate. Correlation
tests between parameters were performed by multiple linear
regression and multiple correlation analysis. A P value less
than 0.05 was considered statistically significant.

RESULTS

Comparison of serum leptin levels between patients with
chronic HCV infection and controls

The demographic and anthropometric characteristics in
patients with chronic HCV infection and controls are shown
in Table 1. The age, body height and weight, waist and hip
circumference, BMI, WHR, and body fat were not statistically
different between patients with HCV infection and controls
(Table 1).

Table 1 Demographic characteristics in patients with HCV infection
and controls (mean+SD)

Patients Controls t P
Number (male/female) 25/17 18/12 0.002'  0.968
Age (yr) 44.93+14.35 39.43+12.33 1.696 0.094
Height (m) 1.67+0.08 1.6610.07 0.925 0.358
Weight (kg) 64.86+15.08 64.0049.18 0.312 0.756
WC (cm) 81.8849.59 81.45+12.97 0.137 0.892
HC(cm) 94.25+8.46 94.00+7.92 0.084 0.933
BMI (kg/m?) 22.94+4.59 23.1443.09 0.225 0.822
WHR 0.87+0.74 0.87+0.11 0.220 0.827
Body fat (%) 26.2147.63 24.9617.25 0.714 0.478

WC: waist circumference, HC: hip circumference, BMI: body mass index, WHR:
waist-to-hip circumference ratio, body fat (%): percent of body fat, 'x? test.
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Considering the possible effects of BMI, WHR, and
body fat on the levels of serum leptin, analysis of covariance
was petformed using BMI and body fat as covariate as
determined by pre-analysis. The serum leptin level in patients
with chronic HCV infection was significantly higher than
that in controls (FF'=5.610, P= 0.021, Table 2). Comparisons
of serum leptin levels were further performed according
to gender in term of the effects of gender on leptin conce-
ntrations due to differences in body composition and body
fat distribution between male and female patients®*"). The
results showed that serum leptin level in male and female
patients was significantly higher than that in male and female
controls (F=17.269, P<0.001; F = 4.002, P = 0.056, Table 2).
Serum leptin levels in female individuals were significantly
elevated compared with those in male individuals (FF = 9.341,
P =0.005 for patients and FF'=16.080, P<0.001 for controls,
Table 2).

Table 2 Comparison of serum leptin levels between patients with
HCYV infection and controls (meantSD)

Patients? Controls® F P
No. (male/female) 25/17 18/12 0.002! 0.968
Male 3.58+2.06 1.44+1.06 17.269 <0.001
Female 9.13+3.59 6.83+3.23 4.002 0.056
Total 5.83+3.89 3.59+3.44 5.610 0.021

1y? test, 2F = 9.341, P = 0.005, male vs female; °F = 16.080, P<0.001, male vs female.

Comparisons of serum leptin levels between chronic HCV-
infected patients at different clinical stages and controls
The demographic, anthropometric, biochemical, and virological
characteristics in HCV-infected patients at different clinical
stages are shown in Table 3.

The serum leptin levels in patients with chronic hepatitis
C, HCV-associated cirrhosis, HCV-associated HCC and controls
were compared by analysis of covariance. The serum leptin
levels in patients with chronic hepatitis C were significantly higher
than those in controls (P = 0.003). The serum leptin levels in
patients with HCV-associated cirrhosis and HCV-associated
HCC were not significantly increased as compared with controls
(P=0.752 and P = 0.822, respectively). The serum leptin
levels in patients with chronic hepatitis C were not statistically
different from those in patients with HCV-associated cirrhosis
(P=0.074) and HCV-associated HCC (P = 0.397). The serum
leptin levels between patients with HCV-associated cirrhosis
and HCV-associated HCC had no significant difference
(P=0.952). The serum leptin level in male patients with chronic
hepatitis C were obviously different (FF'= 12.454, P = 0.002)
from that in female patients. However, the serum leptin levels
between male and female patients with HCV-associated cirrhosis
were not statistically different (' = 0.054, P = 0.823, Table 4).

Correlation analysis of factors associated with serum leptin
andALT levels

Factors possibly-associated with serum leptin levels in patients

Table 3 Demographic, anthropometric, biochemical, and virological characteristics in chronic HCV-infected patients at different clinical

stages (meantSD)

Chronic hepatitis C HCV-associated cirrhosis HCV-associated HCC

No. (male/female) 17/13 6/4 2/0
Age (yr) 41.03+14.10 53.7049.93 59.5+12.02
Height (m) 1.68+0.09 1.66+0.05 1.69+0.04
BMI (kg/m?) 23.0143.39 22.7147.59 22.97+4.53
WHR 0.86+0.07 0.87+0.08 0.95+0.02
Body fat (%) 25.7946.52 27.72+11.23 25.05+2.67
LDL (mmol/L) 2.05+1.01 1.41+0.82 2.24+0.19
CHO(mmol/L) 4.09+2.05 3.2241.08 5.55+1.06
TG (mmol/L) 1.51+1.03 0.81+0.45 1.52+0.47
HDL (mmol/L) 1.13+0.43 1.07+0.40 1.34+0.74
Apo Al (mg/L) 1.3620.40 1.1740.44 1.45+0.72
Apo B (mg/L) 0.55+0.27 0.39£0.19 0.71+0.13
ALT(U/L) 93.19+83.08 45.4%35 .86 20.540.71
AST (U/L) 67.96+50.65 77.70£62.11 48.50+20.51
GGT (U/L) 50.27+41.22 49.80+53.79 92.00+£18.38
HCVRNA (copies/mL) (6.4£12)x10* (6.248.9)x10* <80

BMI: body mass index, WHR: waist-to-hip circumference ratio, body fat (%): percent of body fat, LDL:low density lipoprotein, CHO: cholesterol, TG: triglycerides, HDL:
high density lipoprotein, Apo Al apolipoprotein AI, Apo B: apolipoprotein B, ALT: alanine aminotransferase, AST: aspartate aminotransferase, GGT: gamma-

glutamyltransferase, HCV RNA: hepatitis C virus ribonucleic acid.

Table 4 Comparisons of serum leptin levels between HCV-infected patients at different clinical stages and controls (mean+SD)

Chronic hepatitis C HCV-associated cirrhosis HCV-associated HCC Controls
No.(M/F) 17/13 6/4 2/0 18/12
Male 3.75+2.11 2.90+2.33 4.17+0.28 1.44+1.06
Female 9.2543.61 8.77+4.07 6.83+3.23
Total 6.13%3.94! 5.25+4.21% 4.17+0.28° 3.5943.44

P =0.003, 2P = 0.752 and P = 0.822 compared with controls, respectively. F = 12.454, P = 0.002, F = 0.054, P = 0.823 and F = 6.365, P = 0.018 when comparisons were
performed between male and female patients with chronic hepatitis C, HCV-associated cirrhosis and controls.
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with chronic HCV infection were analyzed. Multiple linear
regression was petformed using the leptin levels as a dependent
variable and ALT, AST, CHO, HDL, TG, Apo Al, Apo B,
LDL, HCV RNA, BMI, body fat, and WHR as independent
variables. The results showed that the serum leptin levels
were associated with body fat, BMI, and Apo B but not
with liver function and serum HCV RNA levels (Table 5).

Table 5 Factors possibly associated with serum leptin levels in
patients with chronic HCV infection

Dependent variable Independent Standardized P
variables coefficients
(Beta model)
Leptin Body fat (%) 1.630 <0.001
Leptin BMI 1.050 0.003
Leptin Apo B 0.342 0.008

Body fat (%): percent of body fat, BMI: body mass index, Apo B: apolipoprotein B.

The possibly-associated factors with serum leptin and
ALT levels in patients with chronic HCV infection were
also analyzed using the ALT levels as a dependent variable
and CHO, HDL, TG, Apo Al, Apo B, LDL, HCV RNA,
BMI, body fat, and WHR as independent variables. The
results showed that serum leptin levels were positively-
correlated with body fat (»= 0.520, P = 0.003) and ALT levels
wete positively-correlated with Apo B (»= 0.400, P = 0.032)
and BMI (= 0.389, P = 0.034). No correlation between
serum leptin and ALT levels in patients with HCV-associated
cirrhosis was found.

DISCUSSION

Hepatic steatosis is a common histopathologic feature in
patients with chronic HCV infecton®?. HCV-cote-protein
expression can induce steatosis in transgenic mouse model?®.
The possible role of leptin in the pathogenesis of hepatic
steatosis and fibrosis has been studied®. It was found that
leptin has a close relationship with the hepatic steatosis in
alcoholic steatohepatitisP”. The role of leptin is also a focus
of study due to the high incidence of hepatic steatosis in
chronic hepatitis C patients. Leptin levels in patients with
chronic HCV infection are increased, suggesting that HCV
infection interferes with fat metabolism and leptin levels.
Howevet, it is not clear whether there are also some differences
in leptin levels in chronic hepatitis C patients because of
the difference in body composition and fat distribution
between Chinese and Western people. Therefore, the serum
leptin levels in Chinese patients with chronic HCV infection
and normal healthy controls were determined and analyzed
to address these issues in our study.

The subjects studied were strictly and accurately selected
to rule out or minimize the possible influences of other
factors, such as diabetes mellitus, alcohol, and antiviral
therapy on leptin levels. Our results showed that the leptin
levels in patients with chronic HCV infection were obviously
increased as compared with normal controls. The serum
leptin levels in both male and female patients with chronic
HCV infection are increased as compared with controls
although the leptin levels are generally higher in females

than in males. Our results are in accordance with previous
reportsP . The precise mechanisms, by which chronic HCV
infection causes elevated serum leptin levels, are not completely
known. Factors such as inflammation, abnormal fat metabolism,
and hepatic steatosis in patients with chronic HCV infection,
might be involved.

Findings in this study may mainly represent the expression
of teduced fat mass in cirrhotic patients™ and the abnormalities
of sexual hormone metabolism in male cirthotic patients?”).

Our analyses showed that the serum leptin levels were
correlated with body fat, BMI, and Apo B but not with
liver function and serum HCV RNA levels. These results
suggest that leptin levels in chronic HCV infection are
preferentially affected by fat and lipid metabolisms. Giannini
et al*®, demonstrated that serum leptin levels in nonalcoholic
steatohepatitis (NASH) and chronic hepatitis C increase,
although the differences are not statistically significant.
Therefore, it seems that the extents of leptin elevation are
closely related with the severity of abnormal fat metabolism
and hepatic steatosis in chronic HCV-infected patients.

Our further analyses showed that ALT levels were
positively correlated with BMI (» = 0.410, P = 0.030), body
fat (»= 0.520, P = 0.003), Apo B (»= 0.400, P = 0.032) and
BMI (r= 0.389, P = 0.034). However, the serum leptin and
ALT levels in patients with HCV-associated cirrhosis had
no correlation with any other variable. These results further
demonstrate the close relationships between leptin levels
and fat metabolism and between hepatic necroinflammation
and lipid and fat metabolisms in patients with chronic
hepatitis C. A possible link between leptin and decreased
lipid levels and interaction between HCV and Apo B have
been elucidated™*'). Disappeatance of these correlations
in patients with HCV-associated cirrhosis may be a reflection
of reduced fat mass in cirrhotic patients®**? and the abnot-
malities of sexual hormone metabolism in male cirrhotic
patientsP’). Taken together, serum leptin levels in patients
with chronic HCV infection appear to be controlled by multiple
factors such as body composition, gender, abnormalities
of fat and lipid metabolism, and hepatic steatosis resulting
from chronic HCV infection. The stages of liver diseases
also affect leptin levels in patients with chronic HCV infection.

Another major focus of recent studies is the role of leptin
in the modulation of immune response and inflammation.
The increase in leptin production that occurs during infection
and inflammation strongly suggests that leptin is a part of
cytokine cascade, which regulates the innate immune response
and host defense mechanisms although both proinflammatory
and anti-inflammatory effects have been documented for
leptin®. Leptin plays an important role in T-cell-mediated
immune responses and stimulates proliferation of CD4+ T
cells and promotes Th1 responses**?. Moreover, congenital
leptin deficiency in humans is found to be associated with a
decreased number of circulating CD4+T cells, impaired T-
cell proliferation and cytokine release, all of which could
be reversed by administration of recombinant leptint*”.
Observations in alcoholics showed that circulating levels of
leptin are associated with NK activity in humans, suggesting
that abnormal 7% vivo concentrations of leptin may contribute
to the decline of NK activity in alcoholics™. The results of
experiments in animals showed that leptin represents a
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functional link between endoctine and immune systems!*’).

On the other hand, considerable evidence suggests that
immune mechanisms are involved in the pathogenesis of
HCV infection. Both humoral and cell-mediated immune
responses are believed to participate in the host defense against
HCYV infection. In particular, cell-mediated response plays
a role in the immunopathogenesis of chronic hepatitis CFY.
An enhanced Th2 response is present in HCV infection,
which may be responsible for the chronicity of HCV
infection®!). Both class I-testticted CD8+T cell and class II-
restricted CD4+T cell responses to viral antigens are an
important pathway responsible for hepatocyte damage in
hepatitis CP?. Lack of cotrelation between intrahepatic HCV
RNA level and microinflammation in chronic hepatitis C
also suggests that HCV-associated liver damage is mostly
immunomediated®”. T cells infiltrate into the liver of patients
with chronic hepatitis C, which is believed to play a crucial
role in the immunopathogenesis of hepatic inflammation®*.
Therefore, whether the immunoregulatory functions of
leptin have relevance to the immunopathogenesis of chronic
HCV infection needs to be further investigated.

Studies and observations showed that in hypoleptinemic
patients with extreme insulin resistance and lipodystrophy,
leptin can ameliorate insulin resistance, hyperglycemia,
hyperinsulinemia, dyslipidemia, and hepatic steatosis. In
leptin-deficient states, leptin therapy can restore gonadotrophin
secretion, luteinizing hormone, and thyroid-stimulating
hormone pulsitility®. In addition, leptin has been suggested
as a novel strategy for immune intervention in pathologic
conditionsP?, Most of the above abnormal conditions exist
in patients with chronic hepatitis or cirrhosis. Therefore, whether
enhancing or inhibiting leptin’s activities plays a therapeutic
role in these conditions also needs to be investigated®’.

In conclusion, patients with chronic hepatitis C have
increased serum leptin levels. However, serum leptin levels
in HCV-associated cirrhotic patients have no significant
difference compared with controls. Serum leptin levels in
patients with chronic hepatitis C are positively-correlated
with body fat, BMI, and Apo B. Serum ALT levels are
closely-correlated with BMI. These findings suggest that
HCV infection interferes with fat and lipid metabolism in
patients with chronic HCV infection, and the serum leptin
levels might be a reflection of the abnormalities in fat and
lipid metabolism resulted from viral infection and related
hepatic necroinflammation. Further studies are warranted
to elucidate the possible immunoregulatory role and
potential therapeutic role of leptin in chronic HCV infection.
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