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ABSTRACT

Chronic hepatitis C virus infection is associated with an increased
prevalence of type 2 diabetes mellitus. The present work aimed to
investigate the virus-induced insulin resistance in non diabetic patients as
well as serum leptin and their relations to steatosis and fibrogenesis in
chronic hepatitis C (CHC) infection. Twenty-Five patients, 15 males and
10 females with CHC were compared with 25 subjects, matched for age,
sex and body mass index (BMI). The results of the work showed that the
mean values of serum insulin, C-peptide, HOMA-IR (Homeostasis Model
Assesment-Insulin Resistance) and leptin were significantly elevated
compared with the control group (p<0.05). Also, HOMA-IR was
significantly correlated with age, BMI, serum albumin, C-peptide, leptin
and histopathological findings (p<0.05).

From the results of the present study, it could be concluded that
hepatitis C virus (HCV) infection might be suggested as an additional risk
factor for the development of hyperinsulinemia, insulin resistance, and
hyperleptinemia that may be a mechanism for steatosis and fibrogenesis in
patients with CHC. Continuous screening of these patients might be
recommended for early detection and better management of impending
diabetes mellitus.



INTRODUCTION

Acute hepatitis C develops into chronic hepatitis in more than 50%
of patients (Kage et al.,1997). A proportion of patients with chronic
hepatitis C (CHC) progress to cirrhosis and hepatocellular carcinoma
(Yano et al.,1996).

Recent evidence suggests that CHC infection is associated with an
increased risk for the development of type 2 diabetes irrespective of
whether cirrhosis is present (Shintani et al.,2004).

It has been suggested that the connection between hepatitis C and
diabetes mellitus (DM) could be secondary to the ability of HCV to
induce hepatic steatosis (Patton et al.,2004).

Insulin resistance (IR) plays a primary role in the development of
type 2 diabetes mellitus. This 1s supported by prospective longitudinal and
cross sectional studies showing that IR is the best predictor for the
development of diabetes mellitus. It precedes the onset of diabetes 10-20
years. IR appeared important to determine whether HCV infection can
predispose to the development of IR before diabetes occurs. Such
potential link 1s particularly cogent in light of recent data which indicate
that diabetes may be associated with an increased fibrosis progression in
CHC (Monto et al.,2002).

In addition, leptin may be considered a new endocrine mediator,
beside its obvious role in body weight regulation. A possible interaction
was suggested between leptin and insulin as the latter can regulate leptin
expression, high serum leptin levels are an important aetiological factor of
insulin resistance in patients with CHC infection (Onciil et al.,2002a).

Liver fibrosis should now be added to the list of conditions in which
leptin plays a crucial role. It enhances procollagen mRNA that reflects the
synthesis of type I collagen in the liver. Also, leptin augments both
proinflammatory and profibrogenic responses induced by hepatotoxic

chemicals. It is postulated that the increase in systemic leptin levels



enhances up-regulation of transforming growth factor-p (TGF-f), leading
to activation of hepatic stellate cells, thereby augmenting the fibrogenic
response in the liver (Tkejima et al.,2001).

SUBJECTS AND METHODS

Twenty-Five patients from the Gastroenterology Department,
Benha University Hospital were volunteers for the study. Their ages
ranged from 22 to 60 years, (mean 46.4+11.3). They were 15 males and
10 females. These patients were diagnosed as having CHC infection.
.Another, 25 healthy subjects with matched age, sex and BMI

volunteered as controls.

All the patients and controls were subjected to the following
investigations : medical history taking, general and local examination
and ultrasonography scanning of the abdomen. BMI was determined
according to Garrow,1990. Laboratory investigations including fasting
serum glucose (Trinder,1969), cholesterol (Stein,1986) , triglycerides
(Wahlfeld,1974), liver function tests including serum bilirubin (Malloy
and Evelyn,1937), aspartate aminotransferase (AST) (Reitman and
Frankel,1957),alanine  aminotransferase (ALT) (Reitman and
Frankel,1957), alkaline phosphatase (Teitz and Shuey,1986), -
glutamyl transferase (GGT) (Szasz et al,1974), total protein
(Bakerman,1984) and Albumin (Dumas et al.,1971), hepatitis markers
as hepatitis B surface antigen (HBsAg) by immuno-chromotographic
analysis (Blumberg,1971), hepatitis C virus antibodies (HCVab) by
immuno-chromotographic analysis (Arash et al.,1993) and qualitative
HCV (RNA) PCR for patients who were reactive with HCVab (Hitzler
and Runkel,2001), serum insulin by radio-immunoassay (RIA)
(Robinson et al.,1996), C-peptide by RIA (Myrick et al.,1989) ,
HOMA-IR which was calculated:



Fasting serum insulin (uIU/ml) X Fasting serum glucose (mmol/l) / 22.5
(Emoto et al.,1999), leptin by ELISA (Friedman and Halaas,1998) and
histopathological examination of liver biopsy for steatosis as well as
fibrogenesis grading and staging (The French METAVIR cooperative
study group,1994) were done for these patients.

Exclusion criteria:

Patients with hepatic decompensation (Hepatic encephalopathy, ascites,
variceal bleeding or serum total bilirubin >2.0 mg/dl), diabetics,
concurrent active hepatitis B virus, HIV patients, autoimmune hepatitis,

hemochromatosis, or Wilson disease.
Sampling:

Venous blood sample (7.0 ml) was taken from all volunteers
after overnight fasting. The sample was divided into 2 parts. The first
part (2.0 ml) was taken in a sterile tube containing EDTA solution for
qualitative determination of HCV (RNA) by PCR. The remaining part
(5.0 ml) was left to clot, centrifuged and the serum separated was used
for determination of glucose, total cholesterol, tiglycerides, bilirubin,
AST and ALT, alkaline phosphatase, y-glutamyl transferase, total
protein, Albumin, HBsAg, and HCVab . The remaining part of the
serum was kept frozen at — 80°C for later determination of serum

insulin, C-peptide level and leptin.

Histological studies and steatosis evaluation:

Liver biospy specimens of more than 10 mm in length were
fixed in formalin, paraffin embedded, and stained with haematoxylin-
eosin-safran, or picroSirius red for collagen, and Perls’ technique for iron.
For each liver biopsy specimen, histological fibrosis and activity were
scored according to the METAVIR classification. Steatosis was graded as

follows: none; mild (involving less than 10% of hepatocytes); moderate



(involving 10-30% of hepatocytes); and severe (involving more than 30%
of hepatocytes).

Grading of histological activity that evaluates the intensity of
necroinflammatory lesions was as follows: A0, no activity; Al, mild
activity; A2, moderate activity; and A3, severe activity. Fibrosis was
staged on a 0—4 scale: FO, no fibrosis; F1, portal fibrosis without septa;
F2, few septa; F3, numerous septa without cirrhosis; and F4, cirrhosis.
Statistical analysis:

The results of the work were tabulated and statistically analyzed
using student unpaired t- test and Pearson's bivariate correlation. p values
more than 0.05 were considered insignificant, while p values of 0.05 or

less were considered significant (Budneck,1987).

RESULTS

Table (1) shows the demographic distribution of cases according to
histopathological picture.

Fig(1) shows severe liver steatosis while Fig.(2) shows liver fibrosis
grade A2,stage F3.

Table (2) shows mean £SEM and p values of age, BMI, serum
glucose, total cholesterol, triglycerides, liver function tests in CHC
compared to the control group.

Table (3) shows that the mean value of serum insulin (25.67 +3.03
ulU/ml vs 11.44 £0.94 ulU/ml), C-peptide (6.07£1.05 plU/ml vs 1.65
+0.28 plU/ml), HOMA-IR (6.14 +0.63 vs 2.65 £0.18) and leptin (13.77
+0.42 ng/ml vs 6.20+£0.29 ng/ml) were significantly elevated in CHC
virus group compared with the control group (p<0.05 for each).

Table (4) shows that HOMA-IR was significantly positive
correlated with age (r=0.47;p<0.05), BMI (r=0.41;p<0.05), C-peptide
(r=0.50;p<0.05), leptin (r=0.42;p<0.05) and histopathological steatosis
(r=0.41;p<0.05), fibrosis grading (r=0.70;p<0.05), Staging



(r=0.48;p<0.05), and negative correlation with serum albumin (r=-

0.46;p<0.05).

Table (1): Demographic distribution of

cases according to histopathological picture.

Histopathology CI%I(E:gzl:;up
Steatosis:
Mild: 12 (50%)
Moderate: 10 (41.7%)
Severe: 2 (8.3%)
Grading of fibrosis:
AOQ: 0 (0%)
Al: 8 (33.3%)
A2: 12 (50%)
A3: 4 (16.7%)
Staging of fibrosis:
FO: 0 (0%)
F1: 10 (41.7%)
F2: 8 (33.3%)
F3: 6 (25%)
F4: 0 (0%)
Fig(1):severe liver steatosis Fig.(2):Liver fibrosis grade A2,stage




Table (2): mean and £SEM of age, BMI, serum fasting glucose, total cholesterol,

triglycerides, liver function tests in the studied groups.

Groups Controls CHC group p
(n=25) (n=25)

Biochemical

Parameters

Age (Y) 40.68 +2.52 46.48 +£2.27 N.S
Body mass index (Kg/m’) 23.60 +£0.22 23.80 £0.28 N.S
Serum fasting glucose (mmol/l) 5.49 £0.22 5.64 £0.20 N.S
Serum total cholesterol (mmol/l) 3.77 £0.13 4.54 £0.18 <0.05
Serum triglycerides (mmol/l) 1.22 +0.10 1.27 £0.14 N.S
S.Total Bilirubin (mg/dl) 0.63 +0.04 1.68+0.03 <0.05
S.Direct Bilirubin (mg/dl) 0.16 £0.01 0.44+0.02 <0.05
S.Indirect Bilirubin(mg/dl) 0.47 +0.04 1.24+0.04 <0.05
S.AST (U 20.88 +1.32 84.48 +3.16 <0.05
S.ALT (U/) 35.76 +0.81 68.28 £4.26 <0.05
S.Alkaline Phosphatase (U/l) 77.08 £3.11 174.04 £6.53 <0.05
SGGT(UN) 32.24 +£2.06 55.44 +4.11 <0.05
S.Total Protein(g/l) 76.32 £1.05 71.68 +£1.52 <0.05
S.Albumin(g/1) 39.84+0.92 34.44 +£1.23 <0.05
S.Globulin(g/dl) 36.48 £0.96 37.24+1.07 N.S

p>0.05: non-significant (N.S).
p<0.05: significant.

Table (3): mean, £SEM and p values of serum serum insulin, C-peptide, HOMA-
IR and leptin in patients with CHC compared with the control group.

Groups
Controls CHC group ]

Biochemical (n=25) (n=25))

Parameters

S. insulin (uIU/ml) 11.44 +0.94 25.67 £3.03 <0.05
S. C-peptide (nIU/ml) 1.65 +0.28 6.07 £1.05 <0.05
HOMA-IR 2.65 +0.18 6.14 +0.63 <0.05
S.leptin (ng/ml) 6.20 +0.29 13.77 £0.42 <0.05

p<0.05: significant.




Table (4): correlation coefficient (r) between HOMA-IR, age, BMI,S.cholesterol,
S.triglycerides, liver function tests, S. C-peptide and liver biopsy in patients with
HCYV liver cirrhosis.

Group
CHC group
(n=25)

Biochemical
Parameters (1) ()
Age (Y) 0.47 p<0.05
Body mass index (BMI) Kg/m2 0.40 p<0.05
Serum total cholesterol(mmol/l) 0.21 N.S
Serum triglycerides (mmol/l) 0.09 N.S
Serum total bilirubin (mg/dl) 0.21 N.S
Serum direct bilirubin (mg/dl) 0.22 N.S
S.Indirect Bilirubin (mg/dl) 0.05 N.S
Serum AST (U/l) 0.003 N.S
Serum ALT (U/l) 0.06 N.S
Serum alkaline phosphatase (U/l) 0.05 N.S
SGGT(U/N) 0.36 N.S
Serum total protein (gm/dl) -0.37 N.S
Serum albumin (gm/dl) -0.46 p<0.05
Serum globulin (gm/dl) 0.004 N.S
Serum C-peptide (uIU/ml) 0.50 p<0.05
Serum leptin (ng/ml) 0.42 p<0.05
Liver pathology:

Steatosis : 0.41 p<0.05

Fibrosis grading : 0.70 p<0.05

Fibrosis staging : 0.48 p<0.05

p>0.05: non-significant (N.S). p<0.05: significant.

DISCUSSION

Among patients infected with HCV,13-33% develop type 2
diabetes mellitus. The mechanism for this remains unclear (Knobler et
al.,2003).

The present work showed that HOMA-IR, serum insulin, C-peptide
and leptin were significantly elevated in non-diabetic patients without
cirrhosis infected with HCV compared to the control group (p<0.05).

The association between HOMA-IR and CHC were hypothized by

different authors. The overall mechanisms include:



First, the peripheral hyperinsulinemia observed in subjects with
chronic hepatic disease could be attributed to diminished insulin removal
by the diseased liver rather than pancreatic hypersecretion (Bonora et
al.,1984a). Thus, hyperinsulinemia and high concentrations of counter
regulatory substances might play a role in the pathogenesis of insulin
resistance in subjects suffering from chronic liver disease (Bonora et
al.,1984b).

Second, serum HCV core protein was reported to down-regulate
the expression of hepatic insulin receptor substrate-1 (IRS-1) and IRS-2.
However, disruption of IRS-1 results in insulin resistance but not DM,
because of compensatory hyperinsulinemia while disruption of IRS-2
results in severe DM because of insulin resistance and disturbances of
insulin secretion (Kawaguchi et al.,2004).

Third, tumor necrosis factor-a (TNF-a) which is a pro-
inflammatory cytokine was found to be significantly elevated in patients
with CHC. TNF-a could induce serine phosphorylation of IRS-1 and thus
inhibits its tyrosine phosphorylation and signaling activity
(Hotamisligil,1999) . This defects in insulin receptors will lead to
hyperinsulinemia (Aytug et al.,2003). Also, TNF-a can induce
steatohepatitis and insulin resistance might be a consequence of steatosis.

Fourth, another possible explanation is a direct effect of HCV
proteins on insulin signaling pathways (Previs et al.,2000).

Fifth, serum ferritin which represents an acute phase reactant
protein was reported to be elevated in patients with CHC. Excess iron is
usually stored in the liver, muscle and pancreas and may cause organ-
specific oxidative damage leading to insulin resistance and eventually
beta- cell failure (Larson et al.,2003).

Finally, high serum leptin levels cause desensitization of the
receptor and thus defective leptin receptor signaling in B-cells which

leads to chronic hyperinsulinemia and may thus contribute to the



pathogenesis of DM. Also, leptin receptors are present on human
hepatocytes, and leptin was shown to modulate several insulin-induced
activities in these cells. Leptin antagonizes insulin signaling by
decreasing insulin-induced tyrosine phosphorylation of IRS-1. It
increases phosphoenol pyruvate carboxykinase (PEPCK) and decreases
glucokinase expression, leading to increased gluconeogenesis. The
hepatic effects of leptin levels may thus contribute to hepatic insulin
resistance (Fukui et al.,2002).

The results of the present work were in accordance with the
findings of Testa et al.,(2000), Onciil et al.,(2002a) Maeno et al.,(2003)
and Hui et al.,(2003).

Furthermore, the current work showed that HOMA-IR had
significant positive correlation with age, BMI, serum insulin, C-peptide,
leptin, histopathological steatosis, grading and staging of fibrosis and
inversely correlated with serum albumin (p<0.05).

Steatosis can either originate from insulin resistance resulting in
metabolic steatosis or from a direct cytopathic effect of the virus resulting
in viral steatosis (Ratziu et al.,2004).

Insulin resistance allows for enhanced lipolysis and the generation
of free fatty acids (FFAs) for hepatic reesterification and oxidation. The
accumulation of fat in the liver increases its vulnerability to various
secondary insults, which cause necroinflammatory changes, steatosis,
fibrosis and eventually cirrhosis (Nanji,2004). Exaggerated levels of
FFAs may be deleterious for the liver through a variety of mechanisms
including de novo synthesis of ceramides which may cause apoptosis,
resistance to insulin by interfering with intracellular phosphorylation
processes and lipid peroxidation as a consequence of the increased
production of free radicals. These free radicals can induce Fas (FS-7
associated cell surface antigen) - ligand expression in hepatocellular

membranes since its promoter contains a binding site for nuclear factor
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kappa-B (NfkB). Interaction of Fas ligand with Fas-expressing
hepatocytes leads to their death through a process termed "Fratricidal
apoptosis" (Medina et al.,2004). The ingestion of apoptotic bodies by
stellate cells stimulates fibrogenesis which is further activated by lipid
peroxidation and high leptin levels (Pessayre et al.,2004).

Moreover, hyperinsulinemia can directly stimulate hepatic stellate
cells to proliferate and to secrete extracellular matrix proteins. Also,
hyperinsulinemia causes upregulation of connective tissue growth factor,
a cytokine involved in the pathogenesis of fibrosing liver diseases (Hui et
al.,2003)

Furthermore, viral steatosis may be due to the direct effect of HCV
core gene on liver cells which is characteristic of CHC infection
(Alexander,2000) Hepatic steatosis leads to an increase in lipid
peroxidation in hepatocytes which in turn activates hepatic stellate cells.
These cells produce transforming growth factor-  (TGF-B) which is a
potent fibrogenic cytokine (Shimizu,2001).

Moreover, leptin plays an important role in liver fat storage.
Steatosis is a common finding in CHC infection. Overaccumulation of
lipids in non-adipose tissues may lead to lipotoxic complications such as
diabetes (Onciil et al.,2002b). However, hyperleptinemia levels were
reported to be significantly higher in patients with steatosis and
steatohepatitis. Also, leptin was reported to be expressed by hepatic
stellate cells. Activation of these cells may lead to hyperleptinemia.
Elevated serum leptin levels behave as a profibrogenic cytokine causing
overexpression of smooth muscle actin and TGF-B, a potent
profibrogenic cytokine. These mediators lead to hepatic fibrosis
(Marra,2002).

Thus, steatosis reflects an interaction of viral and host factors

important in the generation of fibrosis in the liver. It seems that steatosis
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and fibrosis was found to be strongly associated in non-cirrhotic liver and
once present tend to persist (Wyatt et al.,2004).

The results of the present work were compatible with the findings
of Petit et al.,(2001) and Hui et al.,(2003) who reported that HOMA-IR
was significantly correlated with age, BMI, albumin, C-peptide and
grading of liver fibrosis.

It could be concluded that hepatitis C virus (HCV) infection is
suggested as an additional risk factor for the development of
hyperinsulinemia and insulin resistance that may be a mechanism for
steatosis and fibrogenesis in patients with CHC. Continuous screening of
these patients is recommended for early detection and better management
of impending diabetes mellitus.
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