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Introduction

Abstract

Background and Aim: The pathogenesis of hepatitis C virus (HCV)-associated glucose
intolerance remains unclear. Glucagon-like peptide-1 (GLP-1), a gut hormone, synthesizes
hepatic glycogen and is inactivated by dipeptidyl peptidase TV (DPPIV). The aims of this
study were to investigate the alterations in the expression of GLP-1 and DPPIV in HCV-
associated glucose intolerance.

Methods: We enrolled patients with HCV- or hepatitis B virus (HBV)-related liver disease
(n=94 and 37, respectively), patients with inflammatory bowel disease (IBD; n = 14) as
disease controls, and healthy controls (n =48). The serum or tissue GLP-1 and DPPIV
expression levels were determined by enzyme immunoassay, immunoblotting, or immun-
ostaining. The hepatic glycogen content was assayed by periodic acid—Schiff staining.
Results: The serum GLP-1 levels were significantly decreased in the HCV group
(4.9 = 0.3 ng/mL) than those in the controls (7.5 = 0.6 ng/mL), the HBV group
(7.0 = 0.5 ng/mL), or the IBD group (10.8 = 1.0 ng/mL, P <0.01). Although the ileum
GLP-1 expression was not significantly different between the controls and the HCV group,
the DPPIV expression was significantly increased in the ileum, liver, and serum in the HCV
group. Hepatic glycogen content was decreased to a greater extent in the HCV group than
that in the HBV group (127.5 = 5.3 vs 187.7 = 6.6 arbitrary units; n =19, P <0.01).
Conclusion: We demonstrated the altered expressions of GLP-1 and DPPIV in patients
with HCV-associated glucose intolerance. Since hepatic glycogen synthesis, a GLP-1
action, was impaired, the altered expressions of GLP-1 and DPPIV may be involved in the
development of HCV-associated glucose intolerance.

In patients with HCV infection, the homeostasis model assess-
ment method for insulin resistance (HOMA-IR) value is signifi-

The liver plays crucial roles in glucose metabolism,' and chronic
liver diseases are associated with glucose intolerance.? Several
epidemiological studies have revealed an association between
hepatitis C virus (HCV) infection and impaired glucose
metabolism.>™ In patients with HCV infection, glucose intolerance
decreases the sustained response rate to antivirus therapy and is an
important risk factor for the development of hepatocellular carci-
noma as well as long-term survival in patients with cirrhosis.®®
Therefore, it is important to investigate the mechanisms for HCV-
related glucose intolerance. Increased body mass index (BMI) and
decreased insulin secretion are typical characteristics of type 2
diabetes mellitus.” In patients with HCV infection, however,
glucose intolerance is independent of BMI, and insulin secretion is
increased in patients with HCV infection.*° These findings suggest
that other factors mediate HCV-related glucose intolerance.
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cantly higher than in other hepatobiliary disorders.! Recently, we
found that the HCV core directly downregulates the intracellular
insulin signaling cascade in hepatocytes.! Thus, increased hepatic
insulin resistance is one of the pathogenesis for HCV-associated
glucose intolerance.

The gut has currently been recognized as an endocrine system
that contributes to glucose metabolism.!> Among several gut hor-
mones, glucagon-like peptide-1 (GLP-1) is well known to be
involved in glucose metabolism. GLP-1 is secreted from L-cells
in the ileum and exerts a direct insulinotropic effect on the pan-
creatic B-cell.’** GLP-1 activates adenylate cyclase and subse-
quently enhances insulin secretion from pancreatic B-cells.'
GLP-1 also has insulin-independent effects on glucose disposal in
extra-pancreatic tissues including liver.!® In hepatocytes, GLP-1
activates glycogen synthesis through activation of glycogen
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synthesis o.”” The presence of GLP-1 receptors on the hepatocytes
is consistent with the insulin-independent effect of GLP-1.!¢
Thus, GLP-1 increases insulin secretion and hepatic glycogen
production.

GLP-1 has an extremely short duration of action due to rapid
inactivation by the enzyme dipeptidyl peptidase IV (DPPIV,
enzyme code number 3.4.14.5)."*43 DPPIV is a membrane-
associated peptidase and is widely distributed in numerous tissues.
Increased serum DPPIV activity has been reported in diabetic mice
and patients with type 2 diabetes mellitus.!**® Thus, DPPIV is
involved in glucose metabolism through the regulation of GLP-1
activity.

The aim of this study was to investigate alterations of GLP-1
and DPPIV expressions in HCV-associated glucose intolerance.

Materials and methods

Materials

All reagents were purchased from Wako Pure Chemical Industries
(Osaka, Japan) unless otherwise indicated.

Patients

Intotal, 145 patients with liver or bowel disease, HCV-related liver
disease (HCV; n=94), hepatitis B virus-related liver disease
(HBV; n=37), or inflammatory bowel disease (IBD; n = 14), and
48 healthy controls (CON) were enrolled. All of the patients and
healthy controls were Asian men. All of the diagnoses were based
on clinical, serological, and/or histological evidence. Demo-
graphic data were collected on the same day as collecting blood.
The BMI was calculated as body weight in kilograms divided by
the square of height in meters (kg/m?). To reduce the selection
bias, age, BMI, aspartate aminotransferase (AST), alanine ami-
notransaminase (ALT), albumin, and total bilirubin were not
matched among the groups. Since it is possible that treatments for
diabetes mellitus affect GLP-1 levels, patients who had been
taking oral hypoglycemic agents or insulin injections were
excluded. In addition, patients with a history of and evidence of
pancreatitis or a pancreatic tumor were excluded, as were those
with other causes of liver disease, in particular those known to be
involved in the pathogenesis of diabetes mellitus, such as hemo-
chromatosis or alcoholic liver disease.

The study protocol was approved by the institutional review
board, and informed consent for participation in the study was
obtained from each patient. None of the patients was institution-
alized. The study protocol was approved by the Ethics Committee
of the Kurume University School of Medicine. All of the experi-
ments were carried out in accordance with the Declaration of
Helsinki.

Laboratory determinations

Venous blood samples were taken in the morning after a 12-h
overnight fast. Plasma glucose, serum aspartate, AST, ALT,
albumin, total bilirubin, and immunoreactive insulin (IRI) levels
were measured using standard clinical methods (Department of
Clinical Laboratory, Kurume University Hospital, Kurume,
Japan). Insulin resistance and pancreatic B-cell function were
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calculated on the basis of the fasting levels of plasma glucose and
IRI, according to the HOMA equation: Insulin resistance
(HOMA-IR) = fasting glucose (mg/dL) x fasting IRI (LU/mL)/
405; pancreatic B-cell function (HOMA-B) = fasting IRl (uU/
mL) x 360/(fasting glucose (mg/dL)—63).2! The stage of liver
fibrosis was assessed by AST to the platelet ratio index (APRI): the
serum AST level (U/L)/upper limit of normal AST (33 U/L) x 100/
platelet count (x10%/L).>2 APRI is one of the models for predicting
the stage of liver fibrosis. Patients with APRI values of 0.5 or less
were diagnosed as chronic hepatitis (CH) patients, and patients
with APRI values above 0.5 were diagnosed as having liver
cirrhosis.??

The degree of liver cirrhosis was categorized based on Child—
Turcotte criteria.?

GLP-1 assay

The quantification of GLP-1 in the serum samples was accom-
plished by a GLP-1 (7-36) amide enzyme immunoassay (EIA) kit
(YK 160; Yanaihara, Fujinomiya, Japan) that specifically quanti-
fies the biologically active form of GLP-1, GLP-1 (7-36) amide.?*
This EIA kit is based on a competitive enzyme immunoassay using
a combination of highly specific antibodies to GLP-1 (7-36)
amide with a biotin-avidin affinity system. The absorbance
(492 nm) of each well was then measured with a Bio-Rad Model
550 microplate reader (Bio-Rad, Hercules, CA, USA). Each serum
sample was assayed in duplicate and the values were averaged.

Immunohistochemistry

Frozen samples of the ileum and paraffin-embedded liver sections
were deparaffinized and subjected to immunochemical staining
using a Vectastain ABC kit (Vector Laboratories, Burlingame, CA,
USA) with an antihuman GLP-1 antibody (Santa Cruz, Santa
Cruz, CA, USA) or an antihuman DPPIV antibody (Santa Cruz,
USA). The primary antibodies for GLP-1 or DPPIV were used at
a 1:100 dilution. After washing, the sections were incubated with
a fluorescein isothiocyanate-conjugated goat antimouse immuno-
globulin M (Cappel, Aurora, OH, USA) or tetramethylrhodamine
isomer R-conjugated swine antirabbit immunoglobulin (Dako,
Kyoto, Japan) diluted at 1:100 in phosphate-buffered saline (PBS).
Subsequently, the sections were washed with PBS and mounted in
VECTASHIELD (Vector Laboratories, USA).

Immunoblotting liver or ileum specimens

The immunoblotting of DPPIV was performed as previously
described,” The liver and ileum tissues were dissolved in a
minimum volume of radioimmunoprecipitation buffer and were
subjected to sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis on a 10% acrylamide gel. The resolved proteins were
transferred electrophoretically to polyvinylidene difluoride mem-
branes (FLUOROTRANS; Pall Life Sciences, Ann Arbor, MI,
USA). The membranes were incubated with an anti-DPPIV poly-
clonal rabbit antibody (Santa Cruz, USA) or an anti-actin rabbit
antibody (Sigma, St Louis, MO, USA), and then incubated with
horseradish peroxidase-conjugated goat antirabbit immunoglobu-
lin G (Vector Laboratories, USA). The membranes were then
incubated with chemiluminescent reagents (ECL kit; GE Health-
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Table 1 Baseline characteristics of patients
CON HBV HCV IBD

No. patients 48 37 94 14

Age lyears) 60.1 £ 2.2 54.6 + 1.4 61.2 +1.1* 411+ 3.9
Body mass index (kg/m?) 223 03 228*0.4 23.1 £ 0.3** 20.2 = 0.7
Aspartate aminotransferase (U/L) 242 *1.7 55.6 = 9.2 69.1 £ 4.0**» 21.3+2.8
Alanine aminotransaminase (U/L) 211 =14 56.9 = 11.2 721 £ 4.7*** 22.4 = 3.3
Albumin (g/dL) 41 +0.1 3.8+ 0.1 3.7 £ 0. ***> 3.9+0.1
Total bilirubin (mg/dL) 0.7 £ 0. 1.3*+0.2 1.1 £0.7*** 0.6 0.1
Glucose (mg/dL) 89.6 £ 3.9 82.1+28 92.4 39 82.5 £4.2
Immunoreactive insulin (pU/mL) 78 1.1 8.3 *0.7 17.1 £ 3.4%*** 98x25
HOMA-IR 1.7 £ 0.3 1.7x0.2 29 = grenes 2.1 *06

Note: Data are expressed as mean = SEM or number of patients. All of the patients were Asian men. *P < 0.05 compared to that of hepatitis B virus
(HBV) or inflammatory bowel disease (IBD) group; **P < 0.05 compared to that of IBD group; ***P < 0.05 compared to that of the healthy controls
(CON) or IBD groups; ****P < 0.05 compared to that of CON group; *****P < 0.05 compared to that of the CON or HBV groups. HCV, hepatitis C
virus; HOMA-IR, homeostasis model assessment method for insulin resistance. Statistical comparisons among multiple groups were performed by

anova followed by Fisher's protected least significant difference.

care, Little Chalfont, Buckinghamshire, UK) and immediately
exposed in a LAS-1000 plus lumino-image analyzer (Fuji Photo
Film, Tokyo, Japan).

Quantitation

The immunoblotting intensities were determined using NIH-
Image J (developed at the National Institutes of Health [NIH],
Bethesda, MA, USA) available on the Internet at http:/
rsb.info.nih.gov/ij/download.html). In preliminary studies, the
band intensity showed a linear correlation with the sample con-
centration over the range analyzed.

Serum DPPIV assay

The quantification of DPPIV in the serum samples was accom-
plished using a soluble human DPPIV ELISA according to the
manufacturer’s instructions (Chemicon, Temecula, CA, USA).
The absorbance (492 nm) of each well was then measured with a
Bio-Rad Model 550 microplate reader (Bio-Rad, USA). Each
serum sample was assayed in duplicate and the values were
averaged.

Oral glucose tolerance test and insulinogenic
index

Twenty-one patients with HCV infection underwent oral glucose
tolerance tests (OGTT) with 75 g of glucose according to the
recommendations of the National Diabetes Data Group of
National Institutes of Health.”® After overnight fasting, blood
samples were drawn for the determination of glucose and IRI at 0,
30, and 120 min after glucose loading. Pancreatic B-cell function
was evaluated by the insulinogenic index, which represents the
capacity of insulin secretion. The formula is as follows: Insulino-
genic index = (30-min IRI - fasting IRI [uU/mL])/(30-min
glucose — fasting plasma glucose [mg/dL]).” Pancreatic B-cell
function was also evaluated by HOMA-B.”
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Hepatic glycogen content

The liver specimens were stained with periodic acid-Schiff
reagent to evaluate the hepatic glycogen content.?”” The
hepatic glycogen content was quantitated by the public
domain NIH Image-J program by an investigator without any
information.

Statistical analysis

All data are expressed as mean = SEM. Differences between
groups were analyzed by the Mann—Whitney U-test and the Spear-
man correlation test. Statistical comparisons among multiple
groups were performed by ANova followed by Fisher’s protected
least significant difference using StatView Power PC version for
Macintosh (version 5.1; SAS, Cary, NC, USA). P-values < 0.05
were considered significant.

Results

Baseline characteristics of all patients

Baseline clinical and laboratory data for all patients and healthy
controls are summarized in Table 1. There were no significant
differences in age and BMI between the control and HCV groups.
Although the HBV group was significantly younger than the HCV
group (P < 0.05), there were no significant differences in BMI,
aspartate aminotransferase, alanine aminotransferase, albumin,
and total bilirubin levels between the HBV and HCV groups.
Fasting glucose levels were within the normal range in all of the
groups and there were no significant differences among the groups
(Table 1). However, the fasting insulin levels were significantly
increased in the HCV group compared to those of the controls, but
were not significantly different compared to the HBV or the IBD
groups (Table 1). The HOMA-IR values in the HCV group were
significantly higher than those in the controls (P <0.05) or the
HBV group (P < 0.05) (Table 1).
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Figure 1 Fasting glucagon-like peptide-1 (GLP-1) levels in healthy con-
trols (CON group, n=48), patients with hepatitis B virus-related liver
disease (HBV group, n = 37), patients with hepatitis C virus-related liver
disease (HCV group, n=94), and patients with inflammatory bowel
disease (IBD; n=14). Values are expressed as mean = SEM. Compari-
sons between the groups were performed by anova followed by Fisher's
protected least significant difference. N.S., not significant. *P < 0.01.

HCV

Changes in fasting GLP-1 levels

The fasting serum GLP-1 levels were significantly decreased in the
HCYV group compared to those in the controls (P < 0.01), the HBV
group (P <0.01), or the IBD group, an intestinal disease control
(P<0.01) (Fig. 1).

GLP-1 content of the ileum in patients with
HCV-related chronic liver disease

The GLP-1 content of the ileum was not significantly different
between the control and the HCV groups (Fig. 2a). Immunostain-
ing demonstrated that the GLP-1 intensity of L-cells was not
significantly different between the controls and the HCV group
(Fig. 2b).

Association between liver function and fasting
GLP-1 levels in patients with HCV-related liver
disease

In the HCV group, no significant difference was seen in the fasting
GLP-1 levels among CH (n=09), Child-Turcotte criterion A
(n=54), B (n=22), and C (n =9). No significant association was
also seen between the fasting GLP-1 levels and albumin levels
(P=0.08, 7 =0.001), total bilirubin levels (P = 0.07, 72 = 0.04), or
platelet count in the HCV group (P =0.77, r* = 0.001). Moreover,
no significant correlations were found between the fasting GLP-1
levels and APRI, an indicator of liver fibrosis (P=0.82,
r*=0.001) or serum IRI levels (P = 0.09, *=0.003).
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Figure 2 lleum glucagon-like peptide-1 (GLP-1) content. lleum GLP-1

content was evaluated by (a) enzyme immunoassay (control [CON]
group, n=4; HCV group, n=4) and (b) immunostaining (CON group,
n=4; hepatitis C virus [HCV] group, n = 4). Representative photographs
show GLP-1 expression of immunostaining in ileal tissue. Arrows show
GLP-1 staining in endocrine L-cell of the ileum. Values are expressed as
mean = SEM. Comparisons between groups were made using the
Mann-Whitney U-test. N.S., not significant. *P < 0.05.

DPPIV expression in the ileum, liver, and
serum

In the ileum tissue, immunostaining showed that the DPPIV
expression levels were increased in the HCV group compared to
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Figure 3 Dipeptidyl peptidase IV (DPPIV) expression in the ileum, hepatocytes, and serum. lleum DPPIV expression was evaluated by (a)
immunostaining and (b) immunoblotting (control [CON] group, n = 4; hepatitis C virus [HCV] group, n=4). DPPIV expression in hepatocytes was
evaluated by (c) immunostaining and (d) immunoblotting (CON group, n=5; HCV group, n=4). Representative photographs show the DPPIV
expression of immunostaining and immunoblotting in the ileum or hepatocytes. (e) Serum DPPIV levels was measured by ELISA (CON group,
n=10; HCV group, n=19). Values are expressed as mean * SEM. Comparisons between groups were made using the Mann-Whitney U-test.

*P<0.05.

that in the controls (P <0.05)(Fig. 3a). Immunoblotting also
showed a significant increase of DPPIV expression levels in the
HCV group (P < 0.05) compared to that in the controls (P < 0.05)
(Fig. 3b). In the hepatocytes, immunostaining showed that DPPTV
expression levels were increased in the HCV group (P < 0.05)
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compared to the controls (P <0.05) (Fig. 3c). Immunoblotting
also revealed that the DPPIV expression levels were significantly
increased in the HCV group than those in the controls (P < 0.05)
(Fig. 3d). The serum DPPIV levels were significantly increased in
the HCV group than that in the controls (£ < 0.05) (Fig. 3e).
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Figure 4 (a) Hepatic glycogen content was examined by periodic acid—
Schiff (PAS) staining in healthy controls (CON; n=5), patients with
hepatitis B virus-related liver disease (HBV group, n=19), and patients
with hepatitis C virus-related liver disease (HCV group, n=20). (b) PAS
staining intensity was evaluated by measuring pixel intensities using
NIH Image-J. Values are expressed as mean + SEM. Comparisons
between the groups were performed by anova followed by Fisher's
protected least significant difference. N.S., not significant. *P < 0.05;
**P<0.01.

Ability of glucose uptake and insulin secretion
in patients with HCV-related chronic liver
disease

The ability of glucose uptake and insulin secretion was examined
by an OGTT. The HCV group (n=21) showed persistent in-
creases in glucose (208.5 * 252 mg/dL) and insulin levels
(63.2 = 7.4 nU/dL) at 120 min, although Asian men with normal
glucose tolerance showed decreases in glucose at 120 min.?® The
HOMA-B-values were within the normal range in the HCV group
(97 = 15.3; n=21). Similarly, the insulinogenic index in the HCV
group was within the normal range (1.0 * 0.3; n=21).

Glycogen accumulation levels in the liver

The glycogen accumulation levels of the liver specimens were
significantly decreased in the HCV group than that in the controls
(P <0.05) or the HBV group (P <0.01) (Fig. 4a,b).
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Discussion

In this study, we demonstrated decreased serum GLP-1 levels and
increased DPPIV expression in the liver, ileum, and serum in
patients with HCV infection. We also showed impaired hepatic
glycogen storage in patients with HCV infection.

Insulin resistance was significantly increased in the HCV group,
which is in accordance with previous reports.!* HCV genotype 3
is associated with insulin resistance.!? Although we could not
examined the HCV genotype for all of the enrolled patients, it was
reported that the prevalence of HCV genotype 3 is only found in
1.3% of Japanese (5/379 patients).* In addition, there were no
patients with HCV genotype 3 infection among the 158 patients
with HCV infection in our previous investigation, which was con-
ducted in an area similar to the one in the current study.’ Thus, it
seems that genotype is not a factor responsible for insulin resis-
tance in this study. Insulin resistance can be also caused by the
dysfunction of several organs. The gut is involved in the develop-
ment of insulin resistance through the regulation of gut hormones,
such as GLP-1.1*1 In this study, we first demonstrated the
decrease in the active form of serum GLP-1 levels in patients with
HCV-associated insulin resistance. In contrast, increases in both
insulin resistance and the active form of serum GLP-1 levels are
seen in patients with type 2 diabetes mellitus and alcoholic liver
disease.”* This discrepancy suggests that HCV is involved in the
downregulation of GLP-1.

GLP-1 mainly occurs in the terminal ileum.!** In both immu-
nostaining and ELISA, there was no significant difference in ileum
GLP-1 expression levels between the controls and the HCV group.
Thus, in patients with HCV infection, the downregulation of serum
GLP-1 levels was not caused by a decrease in GLP-1 expression in
the ileum. However, the liver is considered a major site for the
regulation of serum GLP-1 levels and more than 40% of circulat-
ing GLP-1 is degraded in the liver.’® Therefore, we investigated a
relationship between serum GLP-1 levels and liver function. There
was no correlation between the serum GLP-1 levels and the indi-
cators of liver function. Thus, liver function also does not seem to
be a responsible factor for the downregulation of serum GLP-1 in
patients with HCV infection. It would be reasonable to assume that
the downregulation of serum GLP-1 levels reflects negative feed-
back resulting from the increased insulin resistance in HCV-
infected patients. However, there was no significant correlation
between fasting serum GLP-1 levels and serum IRI levels. In
addition, a previous study demonstrated that hyperinsulinemia
does not inhibit GLP-1 secretion.*’ Thus, negative feedback does
not seem to directly downregulate serum GLP-1 levels in HCV-
infected patients.

DPPIV rapidly inactivates active GLP-1.2 DPPIV localizes at
intestinal brush-borders and membrane of hepatocytes.** In addi-
tion, the circulating soluble form of DPPIV exhibits enzymatic
activity.*® In this study, we found increased DPPIV expression of
the ileum, liver, and serum in patients with HCV infection.
Although we could not assess tissue DPPIV activity, DPPIV
expression levels are positively correlated with its peptidase activ-
ity.® It seems therefore that the upregulation of DPPIV increases
its peptidase activity, which subsequently causes a decrease in
serum GLP-1 levels. The reason for the increased DPPIV expres-
sion in patients with HCV infection is unclear. However, DPPIV is
also known as CD26, an immune-regulating molecule expressed
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on T cells.* A significant increase in DPPIV/CD26 expression is
seen in a hepatoma cell line transfected with a HCV non-structural
genome region.’’” HCV infects not only liver, but also extrahepatic
tissues, including the intestine and lymphocytes.” Thus, it is pos-
sible that HCV directly upregulates DPPIV expression in the
ileum, liver, and serum.

GLP-1 plays an important role in the early phase of insulin
secretion.”® Unexpectedly, in the HCV group, the HOMA-B-value,
an indictor of basal insulin secretion, and the insulinogenic index,
an indicator for early-phase insulin secretion, were equal to those
of healthy Asian patients.”® Although the serum GLP-1 levels were
decreased, the downregulation of GLP-1 in patients with HCV
infection did not seem to have a significant influence on the early
phase of insulin secretion. Insulin secretion might be compensated
by other stimuli of insulin secretion, including glucose-dependent
insulinotropic polypeptide.

GLP-1 increases glycogen synthesis in hepatocytes by stimulat-
ing glycogen synthase o' It is well known that hepatic glycogen
storage is depleted in patients with cirrhosis. However, etiological
differences in glycogen storage have never been investigated.
Here, we demonstrated that glycogen content was significantly
decreased in the HCV group than in the controls and the HBV
group. The depletion of glycogen storage leads to an increase in
free fatty acid (FFA) levels.*! Serum FFA levels were increased in
HCV-related chronic liver disease.** Increased FFA impairs intra-
cellular insulin signaling, insulin receptor substrate-1 tyrosine
phosphorylation, and results in increased insulin resistance.*#*
These findings suggest that the downregulation of GLP-1 is
involved in increased insulin resistance through the depletion of
glycogen storage in hepatocytes.

The results of the ileum tissue experiments are limited, because
the data were obtained from a small subgroup. Although all of the
cases showed a similar trend, these patients may not be represen-
tative of the whole group. Furthermore, the significance of the
DPPIV—GLP-1 regulatory pathways in HCV-related glucose intol-
erance is unclear. Thus, the comparison of the DPPIV-GLP-1
regulatory pathway with other factors linked to glucose intoler-
ance, such as BMI, is required for further elucidation. Another
limitation is patient selection. The majority of enrolled patients
were in the early stage of liver cirrhosis (Child—Turcotte A). More-
over, patients who had been taking oral hypoglycemic agents or
insulin injections were excluded from this study. Thus, we have to
be cautious in the interpretation of data from a relatively selected
population of HCV infection.

In conclusion, this study showed decreased serum GLP-1 levels
and increased DPPIV levels in the ileum, liver, and serum in
patients with HCV infection. Decreased GLP-1 levels may be due
to an upregulation of DPPIV expression. A GLP-1 action, hepatic
glycogen synthesis, was impaired in patients with HCV infection.
Thus, the altered expression of GLP-1 and DPPIV may be respon-
sible for HCV-associated glucose intolerance.
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Suppressive effect of oral administration of branched-chain
amino acid granules on oxidative stress and inflammation
in HCV-positive patients with liver cirrhosis
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Aim: In chronic hepatitis C virus (HCV) infection, it is thought
that both chronic persistent inflammation and oxidative
stress contribute to the development of hepatocellular carci-
noma (HCC), and it has been reported that long-term oral
supplementation with branched-chain amino acid (BCAA)
granules could inhibit liver carcinogenesis. However, the
extent of the involvement of these factors remains obscure.

Methods: To clarify the involvement of inflammation and
oxidative stress in the inhibition of liver carcinogenesis, we
evaluated the effect of oral administration of BCAA granules
on oxidative stress and inflammation in HCV-positive patients
with liver cirrhosis.

Results: Twenty-seven patients were enrolled in the study:
18 of the patients were treated with BCAA granules {adminis-
tered group) and nine were observed without BCAA granules
{non-administered group). In the non-administered group,
the production of oxidative stress, as indicated by urine
8-hydroxydeoxyguanosine (8-OHdG) and 15-F2t-Isoprostane

{8-Is0Ps), significantly increased with time, while in the admin-
istered group the levels of ferritin and 8-OHdG decreased
significantly, Comparison of the two groups demonstrated
that highly sensitive CRP, ferritin, 8-OHdG and 8-IsoPs were
significantly reduced by taking BCAA granules. The time-
course analysis showed that ferritin and highly sensitive CRP
seemed to decrease first, followed by a decrease of 8-OHdG
and 8-IsoPs.

Conclusion: These findings indicated that the administra-
tion of BCAA granules influenced microinflammation and the
metabolism of iron in HCV-positive patients with liver cirrho-
sis, and subsequently seemed to reduce the production of
oxidative stress, possibly leading to a decrease in the occur-
rence of HCC.

Key words: branched-chain amino acid, hepatitis C virus,
liver cirrhosis, oxidative stress

INTRODUCTION

HERE ARE APPROXIMATELY 170 million people
infected with hepatitis C virus (HCV) worldwide.!
HCYV is a major causative agent of liver disease, includ-
ing chronic hepatitis, liver cirthosis (LC) and hepatocel-
lular carcinoma (HCC). It is estimated that 70-80% of
HCV infections evolve into chronic infection. Once
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HCV develops into cirthosis, HCC develops at an
annual rate of 5-7%.? Nevertheless, the precise mecha-
nism underlying HCV-associated HCC is not completely
understood. HCV may contribute to the development of
HCC by facilitating the accumulation of genetic damage
as a result of continuous cell death followed by regen-
eration in the course of chronic hepatitis. If this is the
case, HCV would only be associated indirectly with
hepatocarcinogenesis. Another possibility is the direct
involvement of HCV in hepatocarcinogenesis, whereby
some products of the virus may be oncogenic and
involved in cell transformation. Recently, the core
protein of HCV has been shown to induce HCC in a
transgenic mouse model and has been suggested to play
a central role in the development of HCC in chronic
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hepatitis C.* Ilowever, it still remains unclear how the
core protein influences the development of HCC. An
additional possibility is the involvement of oxidative
stress. Recently, numerous studies have shown that HCV
infection itself causes oxidative stress 1o a greater degree
than other inflammatory liver disease.’*

Oxidative stress is defined as a disturbance of the
normal balance between oxidants and antioxidants in
the body. Under oxidative stress, reactive oxygen species
(ROS) can modify macromolecules such as lipids, pro-
teins and nucleic acids (DNA). If ROS-mediated DNA
damage is not repaired, it leads to the production of
genetic mutations as well as gross chromosomal alter-
ations and contributes to cancer development in multi-
step carcinogenesis.®

Clinically, when long-term supplementation with
branched-chain amino acids (BCAA) is given to patients
with compensated or decompensated cirrhosis, their
nutritional status, as indicated by hypoalbuminemia,
ammonia metabolism and glucose metabolism, is
improved.” Additionally, a recent study has shown that
long-term oral supplementation with BCAA can inhibit
liver carcinogenesis, especially in overweight or obese
patients.®

Against this background, we hypothesized that when
BCAA granules are administered orally to patients with
LC, the improvement of hypoalbuminemia, glucose and
ammonia metabolism, as well as the inhibitory effect on
hepatocarcinogenesis, might be due to a reduction of
oxidative stress by the BCAA supplementation. In the
present study, we investigated the effects on oxidative
stress of administering BCAA granules orally to patients
with LC.

METHODS

Subjects, design and protocol

HE SUBJECTS INCLUDED in the present study were
outpatients with compensated cirrhosis who had
hypoalbuminemia despite adequate food intake.

A total of 27 subjects, 18 of whom were given a 4 g
BCAA preparation (LIVACT Granules; Ajinomoto,
Tokyo, Japan) administered orally three times daily after
meals (administered group), and nine of whom were
followed up without the BCAA granules as a control
(non-administered group), were enrolled in the present
study. All of subjects were confirmed to be HCV-positive
and HBV-negative patients with liver cirrhosis and
without other liver diseases, including HCC as shown by
image techniques, and not to be have received any

© 2008 The Japan Society of Hepatology
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Table 1 Characteristics of HCV patients with LC

p C
Number of patients 18 9
Age 56-80 52-79
Median 70.2 66.8
Sex (male/female) 9/9 4/5
Routine parameters
Uric acid (mg/dL) 5.44 5.8
NH3 (ug/dL) 64.44 68.56
T-protein (g/dL) 7.59 7.53
Alb (g/dL) 3.84 3.68
AST (1U/L) 68.39 67.44
ALT (1U/L) 49.94 46
LDH (I1U/L) 22829 230.44
ALP (1UI/L) 338.12 325.67
T-chol (mg/dL) 153.94 168.56
FBS (mg/dL) 13856 119.44

PT-INR 1.1 1.13

AFP (ng/mL) 33.39 16.06
Centrally measured parameters

Ferritin (ng/ml) 65.93 45.23

Highly sensitive CRP 1043.56 428.11

(ng/mL)

8-OHdG (ng/mlL) 11.07 9.35

8-IsoPs (ng/mlL) 373.96 338.57
Hepatocellular carcinoma 0 0

ALT, alanine transaminase; C, control patients; HCV, hepatitis C
virus; LC, liver cirrhosis; P, patients who were orally
administered branched-chain amino acid (BCAA) preparation
thrice a day.

medication with BCAA granules, intravenous albumin
administration, or enteral nutrition for hepatic insuffi-
ciency within 8 weeks before enrollment. Patients were
followed up for at least 6 months and blood and urine
samples were collected at treatment initiation (0 M) and
at 1 month (1 M), 2M, 3M, 4M and 6 M for as long
as possible. Routine laboratory parameters as shown
in Table 1, highly sensitive CRP, ferritin and oxidative
stress  markers  (urine  8-hydroxydeoxyguanosine
[8-OHdG] and urine 15-F2t-Isoprostane [8-1soPs]) were
evaluated.” Routine laboratory parameters were mea-
sured on every visit to hospital. Blood and urine
samples were stored at —70°C until highly sensitive
CRP, ferritin, urine 8-OHdG and urine 8-lsoPs were
centrally measured at SRL MediSearch (Tokyo, Japan).
The raw values (nanogram: ng/ml) of urine 8-OI1dG
and urine 8-IsoPs were conventionally corrected by
urinary creatinine (mg/dL) to make it possible to
compare them with each other.”

It was confirmed that the patients’ medications had
not been changed within 8 weeks before enroliment or
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during the administration of BCAA. The eligibility and
exclusion criteria were made according to the manufac-
turer’s instructions.

This study was a post-marketing clinical trial and was
performed with the approval of the review board of
Social Insurance Chukyo Hospital. Written informed
consent to participate in this trial was obtained from all
subjects.

Statistical analysis

The primary end point was the amount of change in
oxidative stress markers. The ¢ statistic was used to eva-
luate whether the study drug was useful for reducing
oxidative stress. Data were further analyzed by the
Mann-Whitney U-test. P < 0.05 was considered statisti-
cally significant.

RESULTS

HE CHARACTERISTICS OF the two groups of
patients were comparable in terms of age, sex and
underlying liver disease severity, as shown in Table 1.
To assess how the evaluated variables altered during
the observation, the data from before (0 M) and at 6
months (6 M) were compared in each group (Table 2).
The results showed that total cholesterol (T-chol) was
significantly decreased and PT-INR was significantly
prolonged, and also that urine 8-OHdG and 8-IsoPs
were significantly increased at 6 M in the non-
administered group. The decrease in T-chol and the pro-
longation of PT-INR might mean that the liver diseases
were becoming more severe and that oxidative stress was
increasing in the patients over time. In contrast, in
administered group, urine 8-OHdG and serum ferritin
at 6 M significantly decreased, suggesting that adminis-
tering BCAA granules regularly might reduce oxidative
stress. Considering that highly sensitive CRP was
slightly, although not significantly, increased in the
non-administered group and slightly decreased in the
administered group during the observation period, it
was considered necessary to compare the alterations
between the non-administered group and the adminis-
tered group. Therefore, the time-dependent alterations
(Ap or Ac =value — valueoy) of all parameters were
compared between the two groups using the Mann-
Whitney U-test. The results showed that ferritin, highly
sensitive CRP, urine 8-OHdG and urine 8-IsoPs were
significantly decreased by BCAA administration. Con-
sidering that ferritin reflects the body’s iron storage'
and that highly sensitive CRP can detect changes in
microinflammation, our data suggested that taking

Suppressive effect of BCAA on hepatocarcinogenesis 685

Table 2 Results of statistic analysis
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Figure 1 Time-course analysis of ferritin, highly sensitive CRP, 8-OHdG and 8-IsoPs. In seven patients of the administered group,
markers of oxidative stress (8-OHdG and 8-IsoPs), ferritin and highly sensitive CRP were measured at 0 M, 3 M and 6 M. Each point
represents the mean * SD. Ferritin decreased slightly, although not significantly, and highly sensitive CRP significantly decreased
over time. The values of 8-OHdG and 8-IsoPs did not decrease, but rather increased at 3 M and then significantly decreased at 6 M.

BCAA granules regularly reduced iron storage, microin-
flammation and oxidative stress.

Next, we evaluated how these parameters that were
reduced by BCAA administration altered over time in
seven patients of the administered group. As shown in
Figure 1, ferritin decreased slightly although not signi-
ficantly, while highly sensitive CRP significantly
decreased with time. In contrast, urine 8-OHdG and
8-IsoPs were increased at 3 M and then significantly
decreased at 6 M, compared to their levels before BCAA
administration. Considering that it has been reported
that hepatic iron accumulation was present in patients
with chronic hepatitis C, the decrease of ferritin might
indicate the improvement of not only hepatic iron accu-
mulation, but also iron metabolism. Therefore, these
data may indicate that the reduction of oxidative stress
was followed by an improvement of the iron metabo-
lism and microinflammation.

DISCUSSION

HE AIM OF this study was to analyze the effects on

oxidative stress of the oral administration of BCAA
granules to HCV-positive patients with LC. In terms of
the usefulness of BCAA granules, in the present study
the level of albumin did not change significantly, which
was probably due to the number of enrolled patients,
although some papers have described BCAA granules as
improving nutritional disorders associated with abnor-
mal protein and amino acid metabolism in patients
with LC.*"! Additionally, one in vitro study has shown
that an increase in the molar ratio of BCAA to aromatic
amino acids reduced the growth of HepG2 cells;'? and
recently Muto et al. reported that long-term supplemen-
tation with BCAA decreased the risk for HCC in patients

© 2008 The Japan Society of Hepatology

with LC. These authors pointed out that hyperinsuline-
mia and peripheral insulin resistance are important
mechanisms, although these mechanisms are not yet
fully understood.® Under these circumstances, if BCAA
granules did suppress the production of oxidative stress
in HCV-positive patients with LC, it would be another
potential mechanism by which the incidence of HCC in
HCV-LC patients could be reduced. Therefore, in this
study, which we believe is the first report on this topic,
we focused on the effect of BCAA on oxidative stress.
However, the present study was not a control study but
a preliminary study; in the future a larger scale study will
be required.

The risk of developing HCC is significantly increased
in patients with chronic hepatitis. Hepatocarcinogenesis
is considered a multi-step process, in a similar way to
the carcinogenesis of other cancers, and is thought to
involve at least two factors. One is HCV viral protein,
especially the core protein that has been shown to alter
the oxidant-antioxidant status of the liver,? and another
is chronic inflammation. Regarding the former, several
studies have investigated the possible role of oxidative
injury in the pathogenesis of hepatitis C.}*!* In particu-
lar, oxidative damage is evident in both HCV-infected
patients and in HCV-transgenic mice in the absence
of necroinflammatory changes or transaminoferase
release.*'” Moreover, a direct relationship between HCV
core protein and HCC has been reported recently.>*
Certainly, it is easily to imagine that when DNA damage
caused by oxidative stress is not repaired, the accumu-
lation of genetic damage leads to the development of
hepatic neoplasm. It has actually been demonstrated
that antioxidant treatment improved the liver injury of
chronic hepatitis C patients in a prospective study.”
Clinically, with oral administration of BCAA, we expe-
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rienced not only that the nutritional status of such
patients improved, but also that the incidence of HCC
was reduced.® These findings prompted us to evaluate
the effects of BCAA granules on the production of oxi-
dative stress. The results, as expected, showed that urine
8-OHdG and 8-IsoPs were significantly reduced com-
pared with those patients followed up without BCAA
administration.

In addition to the substantial role of oxidative
stress in HCV-associated hepatocarcinogenesis, chronic
inflammation is also important. In asymptomatic
patients who show normal alanine transaminase (ALT)
levels despite having HCV-RNA, the possibility of
progression of the disease to LC and HCC has been
reported, but HCV-positive HCC is rarely observed in
healthy carriers, and is mainly observed in patients with
LC.'"® This means that chronic inflammation, creating a
cycle of repeated hepatocyte destruction and regenera-
tion, is very important to the development of HCC. On
the other hand, chronic hepatitis in the absence of
hepatitis virus infection, such as autoimmune hepatitis,
carries a low risk for the development of HCC.'” Based
on these findings, it is thought that both HCV proteins
and chronic inflammation contribute to the develop-
ment of HCC additively or synergistically. In the present
study, the level of ALT and aspartate aminotransferase
(AST) was not significantly changed, but microinflam-
mation, as indicated by highly sensitive CRP, not usual
CRP, was found to be first reduced, followed by the
reduction of oxidative stress by oral administration of
BCAA granules.

However, oxidative stress is reported to be influenced
by various things: alcohol consumption, supplementa-
tions such as vitamin A tablets, other inflammation
and malignancy complications. In considering the
mechanism by which the production of oxidative
stress was reduced by the oral administration of BCAA
granules, we experienced one interesting patient. This
patient took iron supplementation for anemia from
before entry into this study until 6 M after the enroll-
ment. Despite administrating BCAA granules, the pro-
duction of oxidative stress was not decreased in this
patient, but rather gradually increased. When the
patient stopped taking the iron supplements, the pro-
duction of oxidative stress gradually decreased (data
not shown). In the present study ferritin, which is con-
sidered to reflect the body's iron store, was shown to be
significantly decreased, along with oxidative stress, in
the administered group. There are some papers in the
literature reporting that iron stimulates the production
of ROS and that hepatic iron overload induces HCC.*

Suppressive effect of BCAA on hepatocarcinogenesis 687

These findings may suggest that BCAA is able to reduce
the production of ROS by involving with the iron
metabolism.

BCAA granules certainly seemed to reduce the produc-
tion of oxidative stress and microinflammation, which
could possibly lead to a decrease in the occurrence of
HCC with long-term supplementation, but as the
number of enrolled patients in this study was limited, in
the future large-scale studies in which patients with LC,
including patients without HCV infection, are adminis-
tered BCAA granules, will be necessary.
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Abstract

The determination of immunogenic peptides of hepatitis C virus (HCV) is pivotal for vaccine development. We
previously reported that the majority of patients infected with HCV have significant levels of IgG specific to
an HCV-derived peptide at positions 35-44 of core protein (C35-44), a major epitope recognized by cellular im-
munity. This study addresses whether or not the other subclasses of immunoglobulins to this peptide exist. As
a result, IgE, but not IgM or IgA, specific to this peptide is consistently detectable in the majority of patients
with HCV infection, regardless of the different HLA types and disease conditions. These results provide addi-
tional information on this immunogenic peptide with new insights that contribute to a better understanding of

host responses to HCV.

Introduction

NE HUNDRED AND SEVENTY MILLION PEOPLE AROUND THE

WORLD are persistently infected by hepatitis C virus
(HCV) with its associated high risk of liver cirrhosis (4) or
cancer. The determination of immunogenic peptides of
HCV is pivotal for vaccine development, a long-awaited
treatment modality. Thus, extensive studies were carried
out in the past decade to find immunogenic HCV peptides
capable of inducing immune responses (2,9,10,14,15-19).
As a result, an HCV-derived peptide at positions 35-44 of
core protein (C35-44) was determined to be highly im-
munogenic because of its ability to induce cytotoxic T lym-
phocytes in HLA-A2-positive HCV-positive patients
{2,15,16). We recently reported that IgG response to this
(C35-44 peptide was observed in the majority of HCV-pos-
itive patients without apparent HLA class I restriction (16).
There is strong evidence that both cellular and humoral
immune responses play major roles in the control of HCV
infection. Furthermore, the region around C35-44 was very
stable in the sequence of virus DNA, with only rare mu-
tations. Therefore, C35-44 peptide could be an appropri-
ate molecule for specific immunotherapy toward HCV. Im-
mune responses to HCV, however, are suggested to be

partly responsible for damage to hepatocytes and oral ep-
ithelial cells (13). These results indicate that detailed stud-
ies of immune responses are needed in order to develop a
clinically effective HCV vaccine with minimal adverse ef-
fects. This study extends our previous studies and inves-
tigates the other classes of immunoglobulins that are de-
tectable in these patients.

Materials and Methods
Subjects

Sera from 50 HCV-positive patients, who were positive for
anti-HCV antibodies (Abs) as determined by a second- or
third-generation immunoassay test, were used in this study.
The diagnoses of these patients as determined by biochem-
ical and histological findings, ultrasound-sonography, and
computed tomography were chronic hepatitis (CH, n = 25),
liver cirrhosis (LC, n =12), and hepatocellular carcinoma
(HCC, n = 13) at the first serum samplings. Sera from two
patients with human immunodeficiency virus-1 (HIV-1) in-
fection and 34 healthy donors (HDs) with no history of ei-
ther viral hepatitis or vaccination for HBV and normal liver
function were also used as negative controls.

1Department of Immunology, Kurume University School of Medicine, Kurume, Japan.
2Department of Internal Medicine, Kurume University School of Medicine, Kurume, Japan.
3Kurume University Research Center for Innovative Cancer Therapy, Kurume, Japan.
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Peptide and measurement of Abs against peptides

The peptide C35-44, a synthetic peptide that corresponds
to the aa sequence (residues 35-44) of the HCV core region,
and an HIV-derived peptide with an HLA-A2 binding mo-
tif as a negative control were purchased from Bio-Synthesis
(Lewisville, TX). Desalted grade materials were used for the
screening of peptides reactive to serum IgG, while >90% pu-
rified materials were used for further studies as assessed by
reverse-phase high-pressure liquid chromatography. Each
peptide was dissolved in dimethylsulfoxide and then stored
at —20°C.

Preparation of xMAP beads

The xMAP carboxylate beads and Luminex® system plat-
form were obtained from Luminex Corp. (Austin, TX) as re-
ported previously (6). The 96-well filter plates (MABVN12)
and vacuum manifold apparatus (MAVM 09601) were from
Millipore Corp. (Bedford, MA). Goat anti-human IgE was
purchased from Biosource International (Camarillo, CA).
Streptavidin-PE (5-866) was purchased from Molecular
Probes (Eugene, OR). 1-Ethyl-3-[3-dimethylaminopropyl]-
carbodiimide hydrochloride (EDC 22980) was obtained from
Pierce (Rockford, IL). Peptides were coupled to xVIAP beads
according to the modified manufacturer’s instructions as re-
ported previously. In brief, 100 uL of xMAP beads were
washed with 0.1 M MES buffer, pH 7.0, followed by mixing
with 100 uL of peptide (1 mg/mL in 0.1 M MES buffer, pH
7.0). The peptide-loaded beads were incubated with EDC (1
mg/mL) at room temperature for 30 min in darkness, and
then incubated twice more under the same conditions, and
the beads were washed with 0.05% Tween 20-PBS. Finally,
the beads were treated with 2-aminoethanol for 15 min at
room temperature in darkness, then washed twice and re-
suspended with 1 mL of 0.05% NaNj in Block-Ace.

Anti-peptide antibody measurement by flowmetry assay

Peptide-specific IgE levels in plasma were measured by
flowmetry assay using the Luminex system as reported pre-
viously (6). In brief, plasma or serum samples were diluted
to 1:50 with 0.05% Tween 20-Block-Ace, and 100 uL/well of
sample was added to each well. Plasma was incubated with

TasLe 1. THE LeveLs oF IcG, IGA, IcM, aND IGE
ANTIBODIES AGAINST C35-44 PEPTIDE IN PATIENTS Wit HCV

Serum Ig classes IgM IgA 185G IgE
HD1 0 2 0 0
HD2 276 1 0 2
HD3 333 11 0 0
HCV1 1649 100 10280 613
HCV2 0 79 25525 466
HCV3 0 19 8481 60
HIV1 429 43 0 5
HIV2 291 26 0 6

The levels of IgG, IgA, IgM, and IgE antibodies against C35-44
peptide were assayed in sera (100-fold dilution) from HDs (n = 3)
and patients with HCV (n = 3) and HIV (n = 2) by flowmetric analy-
sis with Luminex. The representative results of net value of the levels
of IgG, IgA, IgM, and IgE antibodies as indicated in units of mean
fluorescent intensity units (FIU) are shown in the table.

GOHARA ET AL.
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FIG. 1. Dose dependency. Anti-C35-44 peptide IgE anti-
body was measured by flowmetry analysis with Luminex at
four different serum dilutions (100-, 200-, 400-, and 800-fold).
Representative results of the dose-dependent curves are
shown in this figure. The levels of IgE are shown in terms
of FIU and the results are shown as closed circles (three pa-
tients) and as open circles (three HDs).

5 ul each of the peptide-coated beads for 2 h at 37°C in a
96-well filter plate on a plate shaker. After incubation, the
plate was washed using a vacuum manifold apparatus and
incubated with 100 uL of 1:100 diluted goat anti-human IgE
for 1 h at 37°C on a plate shaker. The plate was then washed,
100 pL of 1:200 diluted streptavidin-PE was added to the
wells, and the plate was incubated for 30 min at 37°C on a
plate shaker. The bound beads were washed three times fol-
lowed by the addition of 100 pL of Tween 20-PBS into each
well, and the plate was placed for 3 min on a plate shaker.

The antibody absorption test

To prepare the peptide-immobilized ELISA plate for the
antibody absorption test, peptides were diluted in 0.1 M car-
bonate buffer containing a cherical cross-linker, disuccin-
imidyl suberate (DSS) (Pierce), as reported previously (6).
ELISA plates were coated overnight at 4°C with the target
peptides (20 ug/well). The wells were rinsed three times
with 0.05% Tween 20-PBS (PBST), and the plates were
blocked overnight at 4°C with Block-Ace. To test the speci-
ficity of anti-peptide IgE in serum samples, 100 uL/well of
serum samples (1:1000 dilution with 0.05% PBST) were ab-
sorbed with the immobilized peptide (20 ug/well) in wells
kept for 2 h at room temperature. The absorption was re-
peated three times, and then the level of peptide-specific IgE
in the resultant supernatant was measured by flowmetric
analysis.

Statistical analysis

Data are presented as the median with 95% confidence in-
tervals (Cls), and distributions were compared using non-
parametric (Mann-Whitney U test) analysis. The results of
the absorption test were analyzed by a two-tailed Student’s
t-test. All tests of significance were two-sided.

Results

First, we measured the levels of IgM, IgA, IgG, and IgE
antibodies against C35-44 in sera from three patients infected

- 771 -



DETECTION OF IgE ANTIBODY SPECIFIC TO A HCV-DERIVED PEPTIDE

with HCV by means of flowmetric analysis with Luminex.
Sera from patients with HIV (n = 2) and HDs (n = 3) served
as negative controls. As expected based on the previous re-
sults (16), the levels of IgG antibodies as indicated in mean
fluorescent intensity units (FIU) were very high (19,280,
25,525, and 8481 FIU) in all three HCV-infected patients. The
levels of IgE antibodies were also high (613, 466, and 60 FIU)
in all three HCV-infected patients (Table 1). The higher titer
of IgG compared to that of IgE was expected since the mag-
nitude of serum IgG antibodies is genetically 10 times higher
than that of IgE. In contrast to the sera of HCV patients, none
of the sera from the negative controls showed such IgG or
IgE responses to this C35-44 peptide (Table 1), suggesting
that the response is specific. In contrast to IgE, low levels of
IgM responses to C35-44 peptide were observed in certain
samples from HDs, and those infected with HCV and HIV,
suggesting that the IgM response is non-specific. A similar
non-specific trend was observed in the IgA responses. Dose-
dependent reactions of the IgE responses in three different
patients with different levels of antibodies (Table 1) are
shown in Fig. 1. The specificity of anti-C35-44 IgE antibod-
ies was confirmed with an absorption experiment. Peptide-
specific IgE was absorbed with the addition of C35-44, but
not with an irrelevant control peptide (NS5A2132); repre-
sentative results are shown in Fig. 2. These results suggest
that the IgE class of anti-C35-44 antibody, but neither the
IgM nor IgA class, is detectable in sera from patients with
active HCV infection.

Next, we extended the study and measured the levels of
IgE reactive to C35-44 peptide in sera from 50 HCV-positive
patients and 34 HDs with no history of either viral hepatitis
or HBV vaccination and normal liver function. The level of
anti-C35-44 IgE antibody in HCV patients was significantly
(p < 0.001; Mann-Whitney analysis) higher than that of HDs
(Fig. 3). The results indicated that anti-C35-44 IgE antibody
was specifically detected in HCV-infected patients. When the
cut-off value for the FIU of sera from HDs taken as a nega-
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FIG.2. Absorption test. The IgE antibody activity to C35-44
peptide was absorbed three times with an immobilized cor-
responding peptide (C35-44) and an irrelevant control pep-
tide (NS5A2132). Serum at 100-fold dilution was used for
this experiment. Values are given as the means * SD of FIU.
A two-tailed Student’s t-test was employed for statistical
analyses. **p < 0.001. NS, not significant.
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FIG. 3. Screening of patient sera. The levels of anti-C35-44
IgE antibody of the 50 HCV-infected patients were compared
to those of the 34 HDs by means of flowmetry analysis with
Luminex. The patient sera showed significantly higher lev-
els of IgE (p < 0.001; Mann-Whitney U-test) than the means
of the FIU scores from the sera of the HDs (100-fold dilu-
tion).

tive control was calculated as 22 (the mean * 2 SD), there
was one false-positive case among 34 HDs (specificity 98%),
while there were two false-negative cases among 50 HCV-
infected patients (sensitivity 96%).

We then studied sera from subjects (n = 4) with a history
of HCV infection with no detectable levels of HCV-RNA
(subjects with HCV serological conversion). IgG anti-C35-44
antibodies could be detected in all four (100, 142,000, 6200,
and 10,000 FIU), and IgE anti-C35-44 antibodies could be de-
tected in three (400, 190, and 200 FIU) of four HCV-RNA-
negative patients. These results suggest that both the IgG and
IgE classes of anti-C35-44 peptide are detectable in sera not
only from patients with active HCV infection, but also in sub-
jects with a history of HCV infection. Neither IgM nor IgA
was detectable in those subjects (n = 4) with a history of
HCV infection.

Finally, we addressed whether the levels of anti-C35-44
antibody were different among the different stages of HCV
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FIG. 4. The level of IgE among those with different stages
of disease. Sera at 100-fold dilution from 11 patients of each
group (chronic hepatitis, CH; liver cirrhosis, LC; hepatocel-
lular carcinoma, HCC) were assayed, and estimation was
done using the Mann-Whitney U-test. There were no signif-
icant differences (NS} in the levels of IgE antibody against
C35-44 among those patients with different stages of liver
disease with HCV infection.

infection. Namely, IgE levels were measured in sera from
11 patients of each group (CH, LC, and HCC). However,
there was no statistical difference among these patients
with different stages of liver disease with HCV infection
(Fig. 4).

Discussion

This study extended the previous studies and reported
that significant levels of IgE specific to the C35-44 peptide,
but not IgM or IgA, were detectable in the majority of HCV-
infected individuals without HLA-A2 restriction. It have
been reported that HIV infection seemed to be associated
with a marked decrease in the Th-1 cytokines IL-12 and IFN-
v, along with a marked increase of the Th-2 cytokines IL-4
and IL-5 (1,5,7,8,11,18). Th-2 cytokines promote IgE produc-
tion (5), suggesting that an increase in IgE level in sera of
HCV-infected patients is a risk factor for progression of the
disease, such as to LC or HCC. Thus, in order to study the
possible involvement of IgE antibody against C35-44 pep-
tide in disease progression, the correlation of the level of IgE
to C35-44 peptide and the stages of liver disease was ana-
lyzed. However, there was no difference in anti-C35-44 IgE
antibody among the CH, LC, and HCC groups, suggesting
that the level of anti-C35-44 IgE antibody was not a risk fac-
tor for disease progression.

HCYV infection is a serious health problem, with 170 mil-
lion people worldwide persistently infected with HCV and
at high risk of LC and HCC at later stages. The presently
available diagnostic and treatment modalities, such as third-
generation enzyme immunoassay/immunoradiometric as-
says and interferon, are too expensive for patients in under-
developed countries. Therefore the development of new, less
expensive diagnostic or treatment modalities is needed. One
way to achieve these goals would be to determine highly im-
munodominant HCV peptides recognized by both cellular
and humoral immunity, and utilize them for such develop-
ment. We reported that IgG and IgE specific to C35-44 pep-

GOHARA ET AL.

tide were detectable in sera of at least 90% of patients with
HCV infection, regardless of differing HLA types or differ-
ing stages of disease (16). Therefore, this C35-44 peptide, as
well as proteins containing this sequence, could be a novel
target for development of new diagnostic and therapeutic
tools.

Of particular advantage to laboratories in developing
countries, the IgE test can be rapidly performed without
complex laboratory equipment, and can be run at room tem-
perature, and the same technology may be used for both chil-
dren and adults (12). Furthermore, IgE is one of the anti-
bodies that does not cross the placenta, making it potentially
valuable for viral detection in fetuses or neonates. In addi-
tion, the IgE response is rapid and reaches a peak earlier than
the IgG antibody response (3), suggesting that an IgE-based
assay may detect seroconversion earlier than conventional
methods (3).

This C35-44 peptide, as well as proteins containing this se-
quence, could also be a novel target for development of spe-
cific immunotherapy for HCV infection to prevent disease
progression, primarily because of higher immunogenicity.
The translational clinical study of C35-44 peptide vaccination
for HCV-positive patients who failed standard therapies is
currently in progress at Kurume University Hospital.

The biological roles of anti-C35-44 IgE are unclear at the
present time. We previously reported that the administra-
tion of CTL-epitope peptides to which IgE was detectable
might not elicit a systemic reaction in animal models (19).
Indeed, its subcutaneous administration did not elicit it in
the translational clinical study (data not shown). Further
studies are needed to elucidate the biological roles of anti-
(3544 IgE.

Conclusion

In conclusion, we can report the presence of anti-C35--44
peptide IgE antibody in HCV-infected patients. This infor-
mation may provide better understanding of the host re-
sponse against HCV.
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