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Abstract

AIM: To determine the associations between leptin
and ghrelin concentrations and sustained virological
response (SVR) in chronic hepatitis C patients with ste-
atosis.

METHODS: We retrospectively assessed 56 patients
infected with hepatitis C virus (HCV) genotype-1 and
40 with HCV genotype-3. Patients with decompensated
cirrhosis, and those with other causes of chronic liver
disease, were excluded. Serum HCV-RNA concentra-
tions were measured before the initiation of treatment;
at weeks 12 (for genotype 1 patients), 24 and 48 dur-
ing treatment; and 24 wk after the end of treatment.
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Genotype was determined using INNO-LIPA HCV as-
says, and serum leptin and ghrelin concentrations were
measured using enzyme-linked immunosorbent assay.
Biopsy specimens were scored according to the Ishak
system and steatosis was graded as mild, moderate, or
severe, according to the Brunt classification.

RESULTS: Overall, SVR was positively related to the
presence of genotype-3, to biopsy-determined lower
histological stage of liver disease, and lower grade of
steatosis. Patients = 40 years old tended to be less
responsive to therapy. In genotype-1 infected pa-
tients, SVR was associated with a lower grade of liver
steatosis, milder fibrosis, and an absence of insulin
resistance. Genotype-1 infected patients who did not
achieve SVR had significantly higher leptin concen-
trations at baseline, with significant increases as the
severity of steatosis worsened, whereas those who
achieved SVR had higher ghrelin concentrations. In
genotype-3 infected patients, SVR was associated only
with fibrosis stage and lower homeostasis model as-
sessment insulin resistance at baseline, but not with
the degree of steatosis or leptin concentrations. Geno-
type-3 infected patients who achieved SVR showed
significant decreases in ghrelin concentration at end of
treatment. Baseline ghrelin concentrations were elevat-
ed in responders of both genotypes who had moderate
and severe steatosis.

CONCLUSION: Increased serum leptin before treat-
ment may predict non-SVR, especially in HCV geno-
type-1 infected patients, whereas increased ghrelin
may predict SVR in genotype-1.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Hepatic steatosis is a histopathological feature observed
in > 50% of patients with chronic hepatitis C (CHO)™,
but occurs less frequently in patients with chronic hepati-
tis B (27%-51%) and autoimmune hepatitis (16%-19%)>",
Steatosis in CHC patients has been attributed to a com-
bination of mechanisms involved in the pathogenesis of
non-alcoholic fatty liver disease, as well as to the direct
effect of hepatitis C virus (HCV) on hepatic lipid metab-
olism leading to triglyceride accumulation™. In contrast,
steatosis in patients chronically infected with hepatitis B
virus (HBV) is associated with host metabolic factors'”.

Leptin is an adipokine that contributes to the patho-
genesis of liver steatosis"™. In patients with CHC, higher
serum leptin concentrations have been associated with
the presence of steatosis' . Although no clear correlation
has been observed between leptin concentrations and the
M2 recent study reported that high
serum leptin concentrations correlated with more severe
steatosis, lower viremia, and a lower antiviral response,
mainly in patients infected with HCV genotype-1, which
constituted 71% of the study population“zl.

Leptin, the product of the obese (ob) gene, is mainly
expressed by adipose tissue, although it is expressed in
other organs, including the liver'™. Leptin plays an im-
portant role in the regulation and metabolism of body
fat and may induce insulin resistance, increase fatty acid
concentrations in the liver, and enhance lipid peroxida-
tion™”), Leptin may act as an immunomodulator, in-
ducing the release of cytokines, such as tumor necrosis
factor (TNF)-q., interferon (INF)-y, intetleukin (IL)-18,
and tumor growth factor (T'GF)-f1, thus promoting liver
steatosis and fibrosis".

Ghrelin is a peptide that acts as an endogenous ligand
of the growth hormone secretatog receptor' . Ghrelin is
involved in energy metabolism, food intake, and glucose
415 Recent studies have assessed whether
ghrelin acts as an independent signal of adiposity or as
a downstream mediator of leptin, affecting energy bal-
ance!'’,

Little is known about serum ghrelin concentrations
in patients with CHC and steatosis, or on the effects
of ghrelin concentration on treatment response. We
therefore assessed whether pretreatment serum leptin
and ghrelin concentrations differ in steatotic patients in-
fected with HCV genotypes-1 and -3, and whether these

extent of steatosis

homeostasis

(49

Boishidongs  WIG | www.wjgnet.com

concentrations are associated with response to antiviral
treatment. We also evaluated the correlations between
pretreatment serum leptin and ghrelin concentrations and
liver histology and metabolic factors, as well as determin-
ing whether the impact of antiviral treatment on leptin
and ghrelin concentrations differed by HCV genotype.

MATERIALS AND METHODS

Patient population

We retrospectively assessed patients with serologically,
virologically, and histologically confirmed CHC, re-
cruited between 2005 and 2008. Patients were included
if they had detectable anti-HCV antibody by enzyme-
linked immunosorbent assay (ELISA) I at least twice
a year, detectable serum HCV-RNA by a sensitive PCR
assay within 1 mo prior to the start of treatment, liver
biopsy showing chronic hepatitis with steatosis within
6 mo before treatment, and elevated alanine aminotrans-
ferase (ALT) activity (> 40 IU/L and < 400 IU/L) at
entry and at least once during the 6 mo before the first
screening;

Patients with decompensated cirrhosis; other causes
of chronic liver disease; a history of intravenous drug
abuse or alcohol consumption; use of hepatotoxic drugs,
herbal medications or immunosuppressive agents; dia-
betes; thyroid disorders; chronic renal failure; serious
psychiatric disorders; HIV or HBV co-infection; or hepa-
tocellular carcinoma, were excluded.

None of these patients had previously received antivi-
ral treatment or steatosis-inducing therapy. The duration
of HCV treatment with PEGylated INF-q, and ribavirin
was genotype-based. Genotype 1 patients who did not
achieve undetectable HCV-RNA or a decrease in 2 logs
of HCV-RNA at week 12 (early virological response or
EVR), were considered non-responders but included in
the study. All patients were clinically, hematologically and
biochemically evaluated at weeks 2, 4, 8, 12, 24, 48, and
72 after the start of treatment.

The study protocol was approved by our institutional
review board, and all patients provided written informed
consent. The study conformed to the ethical guidelines
of the 1975 Declaration of Helsinki.

Body composition measurements

Height and weight were determined at baseline, and body
mass index (BMI), calculated as weight (in kg)/height (in
m)®, was determined at baseline and at the end of treat-
ment. Waist circumference indicative of visceral obesity
was defined as > 102 cm in men and > 88 cm in women.

Laboratory and virology assays

Blood samples were obtained from all subjects after
overnight fasting, and serum was obtained after cen-
trifugation and stored in aliquots at -70°C until assayed.
Routine biochemical (aspartate aminotransferase, ALT,
y-glutamyl transpeptidase, alkaline phosphatase, glucose,
urea, creatinine, cholesterol, triglycerides, albumin) and
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hematological (hemoglobin, white blood cells, platelets)
were performed using automated techniques.

Serological markers (hepatitis B surface antigen, anti-
HBs, hepatitis B e antigen, anti-HBe, anti-HBc total, anti-
HCV, anti-HDV, anti-HIVi.2, and anti-HAV IgM and
IgG) were assayed using commercially available enzyme
immunoassays (Abbott Laboratories, United States). Se-
rum HCV-RNA levels were measured with a PCR assay
(Cobas Amplicor HCV version 2, Roche Diagnostics,
United States), both qualitatively (lower detection limit
of 50 TU/mL) and quantitatively (range of detection
600-10° TU/mL). HCV genotype was determined using
an INNO-LIPA HCV assay (Innogenetics, Belgium).
Serum HCV-RNA concentrations were measured before
the initiation of treatment, at weeks 12 (for genotype 1
patients), 24, and 48 during treatment, and 24 wk after
the end of treatment. Serum leptin and ghrelin concen-
trations were measured using ELISA kits (BioVendor
Laboratory, United States), at screening and at the end
of treatment and expressed as ng/ml. Insulin resistance
index was calculated as: insulin resistance [homeostasis
model assessment insulin resistance (HOMA-IR)] = fast-
ing insulin (mIU/L) X fasting glucose (mmol/L)/22.5.

Liver histology

Liver biopsies were obtained at baseline using the Meng-
hini technique (mean length of biopsy cores, 1.7 cm).
Liver tissue was fixed in 10% neutral formalin and pat-
affin-embedded sections were stained with hematoxylin-
cosin and Masson trichrome stains. Liver biopsies were
scored by an experienced liver pathologist using the Ishak
scoring system. Steatosis was quantified as the percent-
age of hepatocytes that contained fat droplets and was
graded using a three-tier scale: grade 1/mild (1%-33%),
2/moderate (33%-66%), and 3/severe (> 66%). Patients
with histopathological findings of steatohepatitis, includ-
ing hepatocellular ballooning or perisinusoidal fibrosis in
zone 3, were excluded.

Statistical analysis

All continuous variables are presented as mean * SD or
medians * interquartile ranges (75th-25th percentiles) if
they deviated from normality. The association between
each genotype and continuous variables was determined
by ANOVA (using post-hoc Scheffe’s test when the om-
nibus test was significant) or Student’s ~test. The associa-
tion between each genotype and categorical variables was
determined using the Zz test. Multiple logistic regression
analyses were used to determine the association between
response to therapy and leptin concentrations, ghrelin
concentrations, hepatic steatosis, fibrosis, and HOMA-IR,
with results presented as odds ratios and 95% CI. These
analyses were performed separately for each genotype
and for measurements at baseline and at the end of fol-
low up. For reasons of multicollinearity, it was not pos-
sible to include steatosis and fibrosis in the same model.
Therefore, fibrosis and steatosis were alternatively intro-
duced (one at a time) into the core model. Mixed effect
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SVR (n = 62) Non-SVR (7 = 34)  P-value
Age 35.01 £1.57 39.21 £2.07 0.050
Sex (male/female) 36/26 21/13
BMI 24.700 + 0.179 25.530 + 0.637 0.060
Genotype-1 32(57.1) 24 (42.9)
Genotype-3 30 (75) 10 (25)
Stage (0-6) 1.661 + 0.095 2412 £0.141 <0.001
Grade (0-18) 5.371 £ 0.136 5.265 + 0.204 NS
Steatosis (1-3) 1.565 + 0.082 2.060 £ 0.126 0.001

NS: Non-significant; SVR: Sustained virological response; BMI: Body mass
index.

models were used to examine the relationship between
baseline and end of follow-up leptin and ghrelin concen-
trations among responders and non-responders. There
were no significant changes in weight or fat composition
in the study population during treatment; therefore, there
was no need to adjust leptin and ghrelin concentrations
for BMI after treatment. All reported probability values
(P-values) were based on two-sided tests, with signifi-
cance set at 0.05. All statistical analyses were performed
using the SAS statistical package (Version 9.1, SAS Insti-
tute Inc., NC).

RESULTS

Of the 154 treatment-naive patients with CHC screened,
96 tulfilled our enrollment criteria and completed treat-
ment. The study population consisted of 60 men and 36
women, all of Caucasian origin; of these, 56 were infect-

ed with HCV genotype-1 and 40 with HCV genotype-3.

HCYV genotypes and response to treatment

All patients received combination therapy with PEGylated
INF a-2b or a-2a, plus weight-adjusted ribavirin, for 24
(genotype-3) or 48 (genotype-1) weeks. All tolerated treat-
ment well and completed treatment without any major
side effects, significant reductions in drug dose, and signif-
icant changes in BMI (reduction more than 2 kg/m?). Pa-
tients infected with HCV genotype-1 who did not achieve
sustained virological response (SVR) stopped therapy,
whereas those infected with HCV genotype-3 were treated
for 24 wk without measurements of HCV-RNA at week
12, according to currently approved treatment guidelines.
Of the 96 patients, 62 (64.6%) achieved SVR, whereas the
remaining 34 (35.4%) did not.

Clinical, virological, and histological data of patients
of both genotypes who did and did not attain SVR are
presented in Table 1. Of the 56 patients with genotype
1, 32 (57.1%) achieved SVR, compared with 30 of 40
patients (75%) with genotype-3; thus SVR was signifi-
cantly related to infection with genotype-3 (P < 0.05).
In addition, SVR was significantly associated with lower
histological stage of liver disease (P < 0.001) and lower
grade of steatosis in liver biopsy (P = 0.001). Patients =
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Table 2 Distribution of 56 genotype-1 and 40 genotype-3-infected patients by demographic, host and viral factors with respect to

response to hepatitis C virus therapy (mean + SD) 7 (%)

Variable Genotype 1 (7 = 56) Genotype 3 (7 = 40)
Responders Non-responders P value Responders Non-responders P-value
(n = 32) (n = 24) (n = 30) (n =10)
Gender 0.70 0.47
Male 15 (46.9) 10 (41.7) 13 (43.3) 6 (60.0)
Female 17 (53.1) 14 (58.3) 17 (56.7) 4 (40.0)
Age (yr) 0.17 0.15
<40 23 (71.9) 13 (54.2) 29 (96.7) 8 (80.0)
> 40 9 (28.1) 11 (45.8) 1(33) 2 (20.0)
Body mass index (kg/m?) 0.28 0.42
<25 18 (56.3) 10 (41.7) 23 (76.7) 6 (60.0)
25-28 14 (43.7) 14 (58.3) 7 (23.3) 4 (40.0)
Grade of hepatic steatosis 0.0001 0.72
Mild 22 (68.7) 5 (20.8) 12 (40.0) 3 (30.0)
Moderate 10 (31.3) 12 (50.0) 13 (43.3) 4 (40.0)
Severe 0(0.0) 7(29.2) 5 (16.7) 3 (30.0)
Fibrosis score 0.001 0.04
1 17 (53.1) 3 (12.5) 16 (53.3) 1(10.0)
2 11 (34.4) 8 (33.3) 11 (36.7) 7 (70.0)
3-4 4(12.5) 13 (54.2) 3 (10.0) 2 (20.0)
5-6 0 0 0 0
HOMA-IR 0.01 0.01
<2 11 (34.4) 4(16.7) 19 (63.3) 1 (10.0)
2-3 10 (31.2) 2(8.3) 10 (33.3) 7 (70.0)
>3 11 (34.4) 18 (75.0) 1(3.3) 2 (20.0)
Leptin_baseline (ng/mL) 37.66 +10.39 49.67 +13.44 0.001 24.33 +7.98 28.20+9.72 0.22
Ghrelin_baseline (ng/mL) 0.286 + 0.167 0.190 +£0.119 0.02 0.778 £+ 0.654 0.564 +0.324 0.18
Leptin end of follow-up (ng/mL) 26.69 +11.77 41.50+16.24 <0.0001 23.27 £9.54 26.70 + 6.82 0.30
Ghrelin end of follow-up (ng/mL) 0.456 + 0.254 0.239 +£0.213 0.001 0.420 +0.321 0.450 + 0.261 0.79

HOMA-IR: Homeostasis model assessment insulin resistance.

Table 3 Leptin and ghrelin concentrations at baseline and
end of follow-up in patients infected with hepatitis C virus

genotypes-1 and -3 by response to therapy, as well as mixed
effect model derived estimates of differences in mean scores
(mean + SD)

Leptin, ghrelin and response to treatment

Baseline leptin concentrations did not differ between
patients who did and did not attain SVR, but were signifi-
cantly lower after successful treatment in patients who at-
tained SVR (P = 0.01) (Table 3). Among patients infected
with HCV genotype-1, non-responders had significantly

Variable Responders Non- P-value for . . ; .
responders the adjusted higher serum leptin concentrations, both at baseline (P
hiference = 0.001) and at the end of follow-up (P < 0.0001) than
L';Pﬁnl. P o e S those who attained SVR (Table 2). Using mixed effect
aseline (ng/m b b 4 o - .. i . .
End of Follow-up 2376 (.055) 3410 (11.53) - model analysis, we ob.served a statistically S{gmﬁcant dif-
) ference between baseline and follow-up leptin concentra-
Ghrelin tions among genotype-1 infected patients who achieved
Baseline (ng/mL) 0532 (0.410)  0.377(0.223) 0.01 SVR (P = 0.001), as well as a bordetline significant differ-
End of Follow-up 0438 (0.288)  0.345 (0.237) 0.05 ence among non-responders (P = 0.06) (Table 4).
(ng/mL)

!Adjusted for both leptin and ghrelin concentrations. NS: Non-significant.

40 years old tended to be less responsive to therapy (P
= 0.05) (Table 1). Further analysis by genotype showed
that, in genotype-1 infected patients, SVR was associated
with a lower grade of liver steatosis (P = 0.0001), mild
fibrosis (P = 0.001), and absence of insulin resistance (P
= 0.01) (Table 2). In genotype-3 infected patients, SVR
was associated with stage of fibrosis (P = 0.04) and lower
HOMA-IR at baseline (P = 0.01), but not to degree of
steatosis (Table 2).
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Among patients infected with HCV genotype-3, how-
ever, there were no significant differences in leptin con-
centrations at baseline and at end of follow-up between
those who did and did not achieve SVR (Table 2). Using
mixed effect model analysis, leptin remained unchanged,
both in responders (P = 0.51) and non-responders (P =
0.61) (Table 4).

Overall, patients who achieved SVR had higher serum
ghrelin concentrations, both at baseline (P = 0.01) and at
the end of follow up (P = 0.05), than patients who did
not achieve SVR (Table 3). Genotype-1 infected patients
who achieved SVR had statistically significant higher ghre-
lin concentrations at baseline (P = 0.02) and at the end
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Figure 1 Correlation between leptin concentrations and steatosis in patients infected with hepatitis C virus genotypes-1 and -3 who did and did not
achieve sustained virological response following treatment with PEGylated interferon a-2b or a-2a plus ribavirin. NS: Not significant.

Variable Baseline End of P-value for
follow-up  the adjusted
difference’
Genotype 1 SVRs
Leptin (ng/mL) 37.66 (10.39) 26.69 (11.77) 0.001
Ghrelin (ng/mL) 0.286 (0.167) 0.456 (0.254) 0.001
Genotype 1 non-SVRs
Leptin (ng/mL) 49.67 (13.44) 43.58 (16.17) 0.060
Ghrelin (ng/mL) 0.190 (0.119) 0.239 (0.213) 0.320
Genotype 3 SVRs
Leptin (ng/mL) 24.33 (7.98) 23.27 (9.54) 0.510
Ghrelin (ng/mL) 0.778 (0.654) 0.420 (0.321) 0.001
Genotype 3 non-SVRs
Leptin (ng/mL) 28.20 (9.72) 26.70 (6.82) 0.610
Ghrelin (ng/mL) 0.564 (0.324) 0.450 (0.261) 0.470

'Adjusted for both leptin and ghrelin concentrations.

of treatment (P = 0.001) than nonresponders (Table 2),
with responders showing significantly higher ghrelin
concentrations at end of treatment than at baseline (P =
0.001) (Table 4). In contrast, ghrelin concentrations in
genotype-3 infected patients did not differ between re-
sponders and nonresponders, both at baseline and at the
end of treatment (Table 2). Mixed effect model analysis
showed that ghrelin concentrations were significantly
lower at the end of treatment than at baseline in patients
who achieved SVR (P = 0.001), but not in non-respond-
ers (P = 0.47) (Table 4).

Leptin, ghrelin and steatosis

Opverall, steatosis grade at baseline was higher in non-
responders than in patients who achieved SVR, with
steatosis grade at baseline being significantly greater as
leptin concentrations increased, a difference more obvi-
ous in patients with moderate and severe steatosis (P =
0.05). This correlation was also observed in genotype-1
non-responders, but not in genotype-3 non-responders

(49
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or in patients of either genotype who achieved SVR
(Figure 1).

Ghrelin concentration at baseline was higher in re-
sponders of both genotypes with moderate (P = 0.05)
and severe (P = 0.001) steatosis. In non-responders,
however, there was no significant correlation between the
grade of steatosis and ghrelin concentrations. In geno-
type-1 infected patients, both in responders and non-
responders, ghrelin concentrations decreased significantly
as the grade of steatosis increased (P = 0.01), and re-
sponders with genotype-3 and moderate or severe steato-
sis had significantly higher serum concentrations of ghre-
lin (P = 0.01) (Figure 2). A strong correlation between the
severity of steatosis and higher viral load at baseline was
observed in patients infected with HCV genotype-3 (P =
0.01), but not in those infected with HCV genotype-1 (P
= NS) (Figure 3).

Multivariate analysis

Using multivariate logistic regression analysis, we found
that higher leptin concentrations at baseline were signifi-
cantly associated with non-response to therapy in patients
infected with HCV genotype-1, but not HCV genotype-3.
There were no significant associations between response
to treatment and ghrelin concentrations in patients of
either genotype. Furthermore, HCV genotype-1 in-
fected with moderate or severe steatosis, as well as those
with more severe fibrosis, were less likely to respond to
therapy (Table 5). In patients with genotype-3, however,
there were no significant associations between response
to treatment and steatosis, fibrosis, or leptin or ghrelin
concentrations, both at baseline and at end of treatment.
Only patients with higher levels of HOMA (IR) seemed
less likely to respond to therapy (Table 6).

DISCUSSION

The mechanism by which HCV induces steatosis remains
unclear. Steatosis in patients infected with the non-3 gen-
otype has been associated with increased BMI, visceral
obesity, increased cholesterol and triglyceride concentra-
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Figure 2 Correlation between ghrelin concentrations levels and steatosis in patients infected with hepatitis C virus genotypes11 and -3 who did and did
not achieve sustained virological response following treatment with PEGylated interferon a-2b or a-2a plus ribavirin. NS: Not significant.

3.5 1 M Responders

30 | [ Non-responders

(x 10° IU/mL)

HCV-RNA levels at baseline

(gen 3)

(gen 1)

Grade of steatosis

Figure 3 Correlation between viral load and steatosis in patients infected
with hepatitis C virus genotypes-1 and -3 who did and did not achieve
sustained virological response following treatment with PEGylated inter-
feron a-2b or a-2a plus ribavirin. HCV: Hepatitis C virus.

tions, insulin resistance, metabolic syndrome, diabetes, al-
cohol consumption, and increased sensitivity of the liver
to oxidative stress or cytokine-mediated injury',

Leptin is a putative link between HCV infection and
steatosis' . Although a high incidence of hyperleptinemia
has been observed in HCV infected patients with liver
steatosis' ", the underlying mechanism promoting this
effect remains undefined. Leptin may increase insulin re-
sistance and fatty acid concentrations in the liver, leading
to enhanced lipid peroxidation and promoting steatosis’.
Leptin may also induce the release of cytokines, such as
TNF-a, INF-y, IL-18, and TGF-f1, which are involved
in the pathogenesis of both liver steatosis and fibrosis”.
In steatosis, activated hepatic stellate cells, but not quies-
cent cells, can express leptin®"

Our results clearly show that, in HCV infected pa-
tients with liver steatosis, serum leptin levels tend to
increase as the grade of steatosis worsens. This finding is
significant, especially in genotype-1 patients, suggesting
that leptin increases during infection as a part of the host
immune response, and may contribute to the develop-
ment of steatosis. Although steatosis is more common

(4 9
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Variable Category or ORs 95% Cls P-value
increment
At baseline
Hepatic steatosis 1 level more 012  0.02-0.66 0.01
Leptin 10 ng/mL more 043  0.22-0.83 0.01
Ghrelin 0.1ng/mLmore 111  0.67-2.01 0.63
HOMA-IR 1 level more 1.34 042431 0.63
Alternatively introduced variables
Fibrosis 1 level more 036 0.13-0.96  0.04
Leptin 10 ng/mL more 045  0.24-0.86 0.02
Ghrelin 0.1 ng/mL more 135  0.82-2.45 0.26
HOMA-IR 1 level more 0.96 0.33-2.79 0.94
At end of follow-up
Hepatic steatosis 1 level more 013  0.02-0.89 0.04

Leptin 10 ng/mL more 038  0.18-0.81 0.01
Ghrelin 0.1ng/mLmore 122  0.74-2.01 0.41
HOMA-IR 1 level more 1.98  0.54-7.30 0.30
Alternatively introduced variables
Fibrosis 1 level more 030  0.10-0.93 0.04
Leptin 10 ng/mL more 034 0.16-0.72 0.01
Ghrelin 0.1ng/mL more 122  0.74-1.82 0.47
HOMA-IR 1 level more 128  043-3.79 0.66

CI: Confidence interval; HOMA-IR: Homeostasis model assessment
insulin resistance; ORs: Odds ratios.

and more severe in patients infected with HCV geno-
type—BW’ISJ, we found that leptin concentrations were not
correlated with either the grade of steatosis or response
to treatment. Structural and nonstructural proteins of
HCV genotype-3 may directly cause steatosis by provok-
ing oxidative stress ). Alternatively, the viral core pro-
tein may target microsomal triglyceride transfer protein
activity, modifying very low density lipoprotein assembly
in, and secretion by hepatoc;rtes[24’25j. The core protein
may also affect the cytoplasmic domain of members of
the TNF receptor family or act directly on the mitochon-
dria, leading to increased oxidative stress and lipid per-

oxidation™. In patients infected with HCV genotype-3,
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Variable Category or ORs 95% ClIs P-value
increment
At baseline
Hepatic steatosis 1 level more 1.04 0.19-5.55 0.97
Leptin 10 ng/mL more  0.64 0.18-2.24 0.49
Ghrelin 0.1 ng/mL more  1.11 0.90-1.49 0.32
HOMA-IR 1 level more 0.13 0.02-0.68 0.02
Alternatively introduced variables
Fibrosis 1 level more 0.16 0.02-0.11 0.06
Leptin 10 ng/mL more ~ 1.22 0.37-4.08 0.74
Ghrelin 0.1 ng/mL more  1.22 0.90-1.65 0.16
HOMA-IR 1 level more 0.16 0.03-0.83 0.03
At end of follow-up
Hepatic steatosis 1 level more 1.77 0.39-7.95 0.46
Leptin 10 ng/mL more  0.40 0.10-1.55 0.18
Ghrelin 0.1 ng/mL more  1.00 0.74-1.22 0.76
HOMA-IR 1 level more 0.10 0.02-0.59 0.01
Alternatively introduced variables
Fibrosis 1 level more 0.40 0.08-1.52 0.16
Leptin 10 ng/mL more  0.70 0.22-2.18 0.54
Ghrelin 0.1 ng/mL more  1.00 0.74-1.35 0.85
HOMA-IR 1 level more 0.14 0.03-0.71 0.02

CI: Confidence interval; HOMA-IR: Homeostasis model assessment
insulin resistance; ORs: Odds ratios.

we found that the grade of steatosis was correlated with
higher viral load at baseline, in agreement with the direct
“steatogenic” effect of this genotypem.

Although ghrelin is important in food intake, energy
balance, and the regulation of the growth hormone re-
leasing mechanism'”, its role in hepatic disease has not
been extensively evaluated to date. Increased serum ghre-
lin concentrations have been reported in patients with
cirrhosis and hepatocellular carcinoma, suggesting that
this adipokine may be involved in the anorexia-cachexia
syndrome during the terminal stages of liver diseases”
Data on ghrelin concentrations in patients with CHC are
limited™.

We found that genotype-1 responders had higher se-
rum ghrelin concentrations at baseline than non-respond-
ers, and that its concentration increased significantly in
the former at the end of treatment, indicating that ghre-
lin may prevent or reduce steatosis by negatively regulat-
ing leptin. This may enhance the likelihood of SVR, since
responders also have lower baseline leptin concentra-
tions. In genotype-3 infected patients, however, ghrelin
may be considered an independently acting factor, based
on our finding that responders with moderate and severe
steatosis had high ghrelin concentrations at baseline and
that these concentrations were reduced significantly after
treatment. In contrast, no significant differences were ob-
served in non-responders and there were no correlations
with leptin concentrations.

Our findings are in accordance with previous reports,
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which found that steatosis was an independent nega-
tive predictor of response to antiviral therapy™ ™. We
also found that genotype 1 patients with elevated leptin
concentrations before treatment had a lower likelihood
of achieving SVR, irrespective of their viral load. This
observation is in keeping with the role of leptin as a sup-
pressor of cytokine signaling 3 in the liver™”
tor that inhibits INF signaling.

In conclusion, our results suggest that the extent of
hepatic steatosis, in addition to the stage of fibrosis and
the viral genotype, may affect the likelihood of SVR in
CHC patients. Leptin appears to contribute to the patho-
genesis of steatosis, and we found that elevated serum
leptin concentration may be an independent predictor of
SVR in HCV genotype-1 infected patients. Increase ghre-
lin concentrations after successful treatment in genotype
1 patients indicate that this peptide plays a role in the
achievement of SVR. Further investigations are needed
to determine whether ghrelin acts as a downstream me-
diator of leptin and to assess the influence of ghrelin on
liver steatosis and HCV infection.

COMMENTS

Background

Steatosis is a frequent histopathological feature in patients with chronic hepati-
tis C (CHC). Leptin and ghrelin are involved in body fat regulation and metabo-
lism. Higher serum leptin concentrations have been associated with steatosis,
but less is known about leptin and ghrelin concentrations in patients with CHC
and steatosis or the effect of these peptides on response to treatment.

Research frontiers

Leptin is a putative link between hepatitis C virus (HCV) infection and steatosis in
HCV genotype-1 infected patients; however, the underlying mechanism remains
undefined. Increased ghrelin concentrations have been reported in patients with
cirrhosis and hepatocellular carcinoma, but its role in hepatic steatosis has not
been extensively evaluated. Steatosis is an independent negative predictor of
response to antiviral therapy. Our results clearly show that, in HCV infected pa-
tients with steatosis, serum leptin levels tend to increase as the grade of steato-
sis worsens. Non-responding genotype-1 infected patients have elevated leptin
at baseline and genotype-1 and -3 responders have higher ghrelin concentra-
tions at baseline. In genotype-3 infected patients, neither the degree of steatosis
nor leptin concentration had any effect on response to treatment.

Innovations and breakthroughs

Several studies have highlighted the importance of steatosis and hyperlep-
tinemia in the achievement of sustained virological response (SVR), but this
study is the first to find genotype-dependent associations between the degree of
steatosis and leptin and ghrelin concentrations. These findings show the signifi-
cance of baseline leptin and ghrelin concentrations in the achievement of SVR,
as well as the impact of antiviral treatment on serum leptin and ghrelin levels.

Applications

These findings suggest that serum leptin concentrations may be an indepen-
dent negative predictor of SVR in HCV genotype-1 infected patients with ste-
atosis; the role of ghrelin requires be further investigation.

Terminology

Leptin, the ob gene product, is expressed mainly by adipose tissue, although
it is expressed in other organs, including the liver. Leptin is important for body
fat regulation and metabolism. Ghrelin, a peptide that acts as an endogenous
ligand for the growth hormone secretatog receptor, is involved in energy me-
tabolism, food intake and glucose homeostasis.

Peer review

The research study has an important outcome and could be further strengthened
by exploring the existing data for an effect of sex on these parameters, if any.

, or as a fac-
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