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ABSTRACT
 

Some patients whose serum shows hepatitis C virus(HCV)RNA have persistently normal
 

alanine aminotransferase(ALT)levels and are termed HCV asymptomatic carriers(ASC).In
 

contrast,patients who achieve this state only after being treated with interferon are termed
 

biochemical responders(BR).However,the immune mechanisms of these states are unclear.We
 

sought to clarify the relationship between the balance of T helper(Th)1 and Th2 cytokines and
 

HCV-ASC.We studied 53 patients with HCV chronic hepatitis and elevated ALT levels and 20
 

HCV-ASC patients who were serum HCV-RNA positive.We investigated cytokine levels in
 

peripheral blood with flow cytometry,to detect intracellular cytokines,and with whole blood
 

assays,to detect cytokine titers.Levels of Th1 cytokines were higher in HCV-infected patients
 

than in healthy controls(p＜0.001).With both measurement methods the Th1/Th2 ratio was higher
 

in the HCV-ASC patients than in patients with elevated levels of ALT and chronic hepatitis(p＜

0.01).No correlation was found between the Th1/Th2 ratio and levels of HCV-RNA in serum.

These findings indicate that HCV infection increases levels of Th1 cytokines regardless of ALT
 

levels and that the Th1/Th2 ratio reflects the activity of hepatitis.We suggest that the predomi-

nance of Th1 in HCV infection is related to the ASC state. (Jikeikai Med J 2004;51:1-11)
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INTRODUCTION
 

Hepatitis C virus(HCV)is most important cause
 

of chronic hepatitis in Japan.Chronic liver disease
 

develops in an estimated 80%of patients infected with
 

HCV,and at least 40% of these cases result in liver
 

cirrhosis .Moreover,hepatocellular carcinoma
 

develops annually in approximately 7% of patients
 

with liver cirrhosis.To prevent the development of
 

liver cirrhosis in patients with HCV-related chronic
 

hepatitis,several antiviral therapies have been estab-

lished in Japan.One such treatment,interferon(IFN)

monotherapy,can eradicate HCV infection in at least

 

30% of cases.However,its antiviral effects are in-

complete,even in patients with a low serum viral load
 

or a genotype other than 1b.Recently,the combina-

tion therapy of IFN and ribavirin has achieved mark-

edly improved rates of HCV eradication,perhaps
 

through ribavirin’s modification of the infected host’s
 

immune condition.These results strongly suggest
 

that host-related immune responses are involved in
 

both the chronicity of HCV infection and its progres-

sion to liver cirrhosis.The precise mechanism
 

responsible for immune-mediated liver cell injury in
 

chronic HCV infection remains unclear.However,

many reports have shown the importance of the host
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immune response in mediating liver cell injury .In
 

liver tissue,most infiltrating lymphocytes express T-

cell markers and CD8,suggesting that cytotoxic T
 

lymphocytes(CTLs)are involved in the host immune
 

response.Furthermore, an HCV-specific CTL
 

response has been reported in patients with HCV
 

infection .

Patients with HCV infection who persistently
 

show normal aminotransferase levels and are termed
 

asymptomatic carriers(ASC).The outcome of IFN
 

therapy in such ASC patients is worse than that in
 

patients with chronic hepatitis whose serum
 

aminotransferase levels fluctuate .These findings
 

strongly suggest that the immune status of an infected
 

host might relate to the pathogenesis of HCV-ASC.

Recently it has reported that T helper(Th)1/Th2
 

cytokine balance might play a crucial role in the
 

immunopathogenesis of HCV infection.However,

whether the actual Th1/Th2 ratio is related to the
 

immunologic condition in HCV infection is unknown.

To clarify immunologic conditions in HCV-ASC,we
 

examined cytokine profiles by measuring intralym-

phocyte cytokine levels and cytokine production
 

levels in whole peripheral blood.

METHODS
 

Subjects
 
The subjects were 53 patients in whom HCV

 
infection had been diagnosed at The Jikei University

 
Hospital from 1995 through 2000.Informed consent

 
was obtained from all subjects.The initial diagnoses

 
were based on the presence in serum of HCV RNA as

 
determined with the reverse transcription polymerase

 
chain reaction(Amplicore,Dynabot,Tokyo,Japan)

and histologic findings consistent with chronic hepati-

tis using international criteria.Specimens of whole
 

peripheral blood were collected from each patient by
 

venipuncture to quantitatively measure HCV RNA
 

and levels of ALT in serum.Samples of heparinized
 

peripheral blood obtained on the same day were used
 

for both the intracellular cytokine assay and the
 

whole blood culture.

The HCV-ASC group consisted of 20 patients(9
 

men and 11 women;average age,55 years;12 with

 

HCV genotype 1b,4 with HCV genotype 2a,and 4
 

with HCV genotype 2b)who had shown normal serum
 

levels of ALT on monthly blood tests for at least 19
 

months(average,42 months;range,19-75 months).

Of these 20 patients,9 had been treated with IFN at
 

least 2 years before enrollment without HCV RNA
 

being eradicated.Seven patients had normal ALT
 

levels before and after IFN treatment.Two patients
 

maintained normal ALT levels after IFN treatment
 

despite being serum-positive for HCV RNA(biologi-

cal responders;BR). The remaining patients
 

received no specific antiviral treatment.In 12 of 20
 

patients,an HCV-ASC liver biopsy was performed
 

and showed both mild fibrosis and inflammation.

Thirty-three subjects(25 men and 8 women;

average age,53 years)showed high serum levels of
 

ALT(average,95 IU/L)during the observation period

(chronic hepatitis C active;CHC-A group).Tables 1
 

and 2 show the characteristics of the patients.In
 

addition,23 healthy volunteers(15 men and 8 women;

average age,51 years)with no liver damage and with
 

normal serum levels of ALT served as healthy control
 

subjects.

Whole blood culture
 

Whole blood was cultured with the method of De
 

Groote et al..Briefly,heparinized whole blood was
 

diluted twice with RPMI 1640 medium (Gibco BRL,

Grand Island,NY,USA)and cultured under the stimu-

lation of 1μg/ml of lipopolysaccharide(from Escheri-
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Table 1.Clinical background of the subjects
 

HCV-ASC  CHC-A
 

Number of patients  20  33
 

Average of age(years) 55±13  53±9
 

Gender(M:F) 9:11  25:8
 

ALT(IU/l) 26±6  95±57
 

Platelets(×10/mm) 17.2±5.1  18.1±4.4

γglobulin(g/dl) 1.61±0.35  1.58±0.41
 

HCV-RNA(kcopy/ml) 666±463  800±685
 

Range(median) 28-1,700(570) 3.2-2,100(550)

Genotype 1b:2a:2b  12:4:4  21:7:5
 

IFN treatment  9  18
 

Period of ASC(months) 19～75

(mean) (42)



chia coli  O55:B5;Sigma Chemical Co.,St.Louis,

MO,USA).Blood was incubated in upright sealed
 

tubes(Falcon,Oxnard,CA,USA)in a CO incubator
 

containing 95% CO for 24 hours at 37°C.After incu-

bation,the culture supernatant was separated by
 

centrifugation and used for assays of interleukin(IL)-

10 and IFN-γ.

Cytokine assays
 

Levels of both IL-10 and IFN-γin whole blood
 

culture supernatant were measured with ELISA kits

(Amersham International plc,Little Chalfont,Buck-

inghamshire,England,UK).

Intracellular cytokines were studied with the flow
 

cytometry technique described by Kohsaka et al..

The procedure is summarized below.

Cell preparation and immunostaining
 

Peripheral whole blood,diluted 2 times with
 

RPMI 1640 containing 2 mM L-glutamine(Wako Pure
 

Chemical Co.,Ltd.,Osaka,Japan),was stimulated
 

with phorbol 12-myristate 13 acetate (10 ng/ml,

Sigma)and ionomycine(1μg/ml,Sigma)for 4 hours
 

in the presence of 10μg/ml of brefeldin A(Sigma)at
 

37°C in 7% CO.Next,20μl of 4-fold diluted R-

phycoerythrin covalently linked to cyanin 5.1(PC5)-

conjugated anti-CD4 mouse IgG1 monoclonal anti-

body(Beckman Coulter,Fullerton,CA,USA)was
 

added to 500μl of diluted whole blood in a dark room
 

and incubated for 15 minutes at room temperature.

The erythrocytes were then lysed with 4 ml of FACS
 

Lysing Solution(Becton Dickinson)and the samples
 

were centrifuged at 500 g for 5 minutes.The super-

natant was removed,and 1.5 ml of FACS Permeabiliz-

ing Solution(Becton Dickinson)was added for 10
 

minutes at room temperature.The cells were wa-

shed with 3 ml of phosphate-buffered saline(Wako
 

Pure Chemical)and centrifuged at 500 g for 5 minutes.
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Table 2.Clinical and histologic background of HCV-ASC patients
 

Age  Sex  IFN  Period of ASC(Month)
ALT
(IU/l)

HCV-RNA
(kcopy/ml)

HCV Genotype 
Histologic grade

 
65  F － 75  31  330  1b  NT

 
59  F － 49  24  320  1b  F0A1

 
68  F － 48  18  64  1b  NT

 
50  F － 48  18  28  2a  NT

 
63  M － 38  30  860  1b  NT

 
62  M － 37  34  1,700  2b  NT

 
33  F － 36  35  360  1b  F0A1

 
70  M － 35  30  1,200  1b  F0A1

 
70  F － 35  27  440  1b  NT

 
70  F － 25  18  670  1b  NT

 
27  F － 23  25  99  1b  F0A1

 
63  M ＋ 66  21  770  1b  F1A2

 
49  M ＋ 65  33  1,400  2b  F0A1

 
49  M ＋ 49  22  1,100  2b  F1A1

 
53  F ＋ 47  22  830  2a  F1A1

 
46  M ＋ 43  32  1,200  1b  NT

 
61  M ＋ 38  16  420  2b  F0A1

 
62  F ＋ 36  24  570  2a  F1A1

 
31  M  BR  32  26  570  1b  F1A1

 
44  F  BR  19  24  380  2a  F1A1

 
average  55  42  26  666

 
Histologic grading was based on the Desmet criteria.
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For the immunostaining of cytokines,both 20μl
 

of fluorescein isothiocyanate (FITC)-conjugated
 

mouse IgG2b monoclonal antibody against human
 

IFN-γ(Becton Dickinson)and phycoerythrin(PE)-

conjugated mouse IgG1 monoclonal antibody against
 

human IL-4(Becton Dickinson)were added to the
 

cells for 30 minutes in a darkened room at room
 

temperature.As a negative control,cells were
 

stained with FITC-or PE-conjugated anti-keyhole
 

limpet hemocyanin (KLH)mouse IgG2a or IgG1
 

monoclonal antibody(Becton Dickinson).KLH is the
 

antigen that is not expressed on human cells.After
 

incubation the cells were resuspended and fixed in
 

500μl of 1% paraformaldehyde(Wako Pure Chemi-

cal).

Flow cytometry
 

A FACScan flow cytometer(Beckton Dickinson)

equipped with a 15 mW argon ion laser at a filter
 

setting for FITC(530 nm),PE(585 nm),and PC5 emit-

ting in deep red(670 nm)was used.We acquired 5×

10to 10cells in the list mode and analyzed them with
 

CellQuest software(Beckton Dickinson).Analysis
 

gates were set for lymphocytes according to the for-

ward and side-scatter properties.The results are
 

expressed as the percentage of cytokine-producing
 

cells in the CD4-positive cell population.

Statistical analysis
 

Statistical analysis of the tested values was per-

formed using the nonparametric Mann-Whitney test
 

to compare the three different groups.Data are
 

presented as means±SD.Statistical significance was
 

set at p＜0.05.

RESULTS
 

Whole blood culture
 

Figure 1 shows the cytokine profiles obtained by
 

culture of whole blood from HCV-ASC patients.

The level of IFN-γin the culture supernatant in the
 

HCV-ASC group (2,389±1,081 pg/ml) was
 

significantly higher than that in the CHC-A group

(1,501±1,347 pg/ml;p＜0.05).However,the level of
 

IL-10 in the HCV-ASC group(181±147 pg/ml)was
 

lower than that in the CHC-A group(327±211.6 pg/

ml;p＜0.05),such that the IFN-γ/IL-10 ratio was
 

higher in the HCV-ASC group(23.20±20.75)than in
 

the CHC-A group(4.91±4.27;p＜0.01;Fig.1).

Intracellular cytokine assay
 

The percentage of IFN-γ-positive cells in the
 

HCV-ASC group (28.35±7.92%)was significantly
 

higher than that in the control group(19.31±5.49%;

p＜0.001)but did not differ significantly from that in
 

the CHC-A group(26.43±7.55%;Fig.2).The per-

Fig.1.Cytokine profiles determined with whole blood culture
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centage of IL-4-positive cells in the HCV-ASC group

(1.99±1.12%)was lower than that in CHC-A(3.34±

1.93%;p＜0.01).The IFN-γ/IL-4 ratio in the
 

HCV-ASC group (18.27±10.63)was significantly
 

higher than the ratios in either the CHC-A group

(9.81±5.29;p＜0.001)or the control group(8.33±

3.18;p＜0.001).Similar to the results of whole blood
 

culture,there were no differences between IFN-treat-

ed HCV-ASC and innate HCV-ASC.Furthermore,

there were no differences between naive HCV-ASC

 

and post-IFN treatment HCV-ASC(BR)in any cate-

gory(data not shown).

The serum level of HCV RNA did not correlate
 

with the percentage of IFN-γ-positive cells,the per-

centage of IL-4-positive cells,or the IFN-γ/IL-4
 

ratio(Fig.5).The serum level of ALT did not corre-

late with the percentage of IFN-γpositive cells(Fig.

6)but did correlate weakly with the percentage of IL-

4-positive cells(r＝0.3368;p＜0.05;Fig.7)and the
 

IFN-γ/IL-4 ratio(r＝0.3818;p＜0.01;Fig.8).

Fig.2.Percentage of IFNγ-positive cells determined with intracellular cytokine assay using flow cytometry

 

Fig.3.Percentage of IL-4-positive cells determined with intracellular cytokine assay using flow cytometry
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Follow-up of  HCV-ASC
 

Ten patients who were categorized as being in the
 

HCV-ASC group at the start of the study were foll-

owed up for at least 15 months and underwent re-

evaluation of cytokine profiles.The serum HCV load
 

remained high in these patients(average:577±302
 

kcopy/ml).The cytokine profiles at follow-up also
 

remained similar to those initially (Fig.9).In 3
 

patients,follow-up biopsy showed no histologic pro-

gression.

DISCUSSION
 

Patients infected with HCV often have no clinical
 

signs of liver disease and have serum aminotransfer-

ase levels within the normal range;these patients
 

may be defined as HCV-ASCs.Morisco et al.have
 

reported that these patients have mild histological
 

change as we reported in our subjects(Table 2).

Prati et al. and Persico et al. have also reported
 

similar observations.Furthermore,a large cohort
 

study by Marthurin et al.has found that HCV-ASC

 

Fig.4.IFN-γ/IL-4 ratio determined with intracellular cytokine assay using flow cytometry

 

Fig.5.Correlation between IFN-γ/IL-4 ratio and serum level of HCV-RNA
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patients have less severe fibrosis than do patients with
 

elevated levels of ALT.Pouti et al.have estimated
 

that as many as 25% of patients with HCV infection
 

have persistently normal aminotransferase levels.

Interestingly,viral factors involving viral load and
 

HCV genotype do not relate to this condition.How-

ever,the immunologic characteristics of HCV-ASC
 

are not well defined.The two-assay system used in
 

the present clearly showed that HCV-ASC patients
 

have a Th1-dominant immune condition.

The predominance of Th1 cytokine responses
 

plays an important role in viral clearance of patients
 

with either acute and chronic hepatitis B .Cac-

ciarelli et al.have reported that serum levels of Th1

 

cytokines,including IFN-γand IL-2,are elevated in
 

patients with HCV infection.Furthermore,Napoli et
 

al.have shown that levels of IFN-γand IL-2 mRNA
 

in the liver are also elevated in patients with chronic
 

HCV infection.These data strongly suggest that the
 

Th1 cytokines IFN-γand IL-2 are produced in the
 

liver and are involved in inducing chronic
 

inflammation.

These Th1-dominant cytokine profiles possibly
 

play a role in inducing HCV-specific CTLs in the liver,

resulting in liver damage manifested as elevated
 

serum aminotransferase levels.An interesting
 

finding is that HCV-ASC patients showed Th1-domi-

nant cytokine profiles.However,in HCV-ASC

 

Fig.6.Correlation between IFN-γand serum level of ALT

 

Fig.7.Correlation between IL-4 and serum level of ALT
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patients serum aminotransferase levels stay within
 

the normal range.The Th1-dominant cytokine
 

profiles may enhance CTLs,resulting in hepatocyte
 

injury and elevation of serum ALT levels.This
 

apparent contradiction might be partly explained by
 

the following two factors:1)Th1-dominant cytokine
 

profiles may in turn bolster infected-host defenses
 

against HCV-infection and 2)although Th1-related
 

cytokines are enhanced,Th2-type cytokines are also
 

enhanced,such that the Th1/Th2 pattern ultimately
 

shifts to Th1.

In the present study,CHC-A patients showed a
 

positive correlation between IL-4 and serum ALT
 

levels,a finding that suggests augmentation of Th2
 

cytokines might be involved in the Th1/Th2 pattern

 

that induced immunological liver injury.However,

the serum HCV-RNA level was not correlated with
 

cytokine levels.

In hepatitis B,the ASC condition is induced by
 

immunological tolerance due to high levels of HBV-

related antigens in serum.However,in CHC no
 

evidence for the existence of immune tolerance has
 

been reported.In the present study,HCV-ASC
 

patients showed a high serum level of HCV RNA,as
 

measured with competitive reverse transcription
 

polymerase chain reaction.Even so,the amount of
 

antigen in HCV infection was smaller than that in
 

HBV infection,indicating that a high serum level of
 

HCV-RNA cannot induce immunologic tolerance in
 

HCV infection.

Fig.8.Correlation between IFN-γand serum level of ALT

 

Fig.9.Changes in intracellular cytokine profiles in HCV-ASC
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Clerici and Shearer have reported that the Th1/

Th2 pattern is closely related to the progression of the
 

disease,especially with acquired immunodeficiency
 

syndrome(AIDS).They have shown that a Th1-

dominant immune condition is critical for the progres-

sion of AIDS,suggesting that Th1-type responses
 

might be immunoprotective and can prevent the pro-

gression of viral infection.This finding suggests that
 

Th1 dominance is involved in the pathogenesis of
 

HCV-ASC,because HIV infects lymphocytes whereas
 

HCV infects hepatocytes.

The function of the dendritic cell,a potent profes-

sional antigen-presenting cell,is reduced by HCV
 

infection,indicating that HCV infection itself can
 

also induce immune dysfunction of an HCV-infected
 

host.This immune dysfunction might affect the
 

Th1/Th2 pattern to induce the HCV-ASC condition.

In the present study,we did not analyze the
 

significance of dendritic cells,although doing so might
 

may help clarify the pathogenesis of HCV-ASC.

The recent findings of Sobue et al. differ from
 

those of the present study.They also studied the
 

Th1/Th2 balance in both peripheral blood and intrahe-

patic lymphocytes with flow cytometry and ELISA for
 

cytokines.They found that Th1-dominant response
 

was correlated with disease activity and progression.

They showed that the IFN-γ/IL-10 ratio in HCV-

ASC is smaller than that in either chronic hepatitis C
 

or liver cirrhosis,indicating that a Th1-dominant
 

immune response is not observed in HCV-ASC.

There were several technical differences between
 

their study and ours:they used intrahepatic
 

lymphocytes and did not focus on IL-4.Our study
 

used only peripheral blood,which suggests a possible
 

difference between peripheral and intrahepatic
 

lymphocytes.Even so,they showed a similar result
 

in their study of peripheral blood,although we noted
 

several problems in their analysis:1)they did not
 

examine histologic changes in HCV-ASC patients and
 

2)the average age of HCV-ASC patients might be
 

significantly higher than that of CHC-A patients.

This suggests that their HCV-ASC patients might
 

include patients with liver cirrhosis.Furthermore,if,

as they have reported,HCV-ASC patients have no
 

Th1 response,how these patients show mild or slight

 

inflammation in the liver is difficult to understand.In
 

our study,we examined similar factors and consistent-

ly found Th1 dominance in peripheral lymphocytes as
 

a feature of HCV-ASC involving BR after IFN ther-

apy.

Bozdayi et al. have shown that HCV-infected
 

patients having 1 dominant strain in the circulation
 

may show a relatively weaker immune response,

resulting in lower ALT levels.We did not analyze
 

HCV sequences in the present study.However,our
 

patients showing normal serum ALT levels tended to
 

have a high serum viral load,a finding that suggests
 

the absence of marked HCV polymorphism and a
 

lower likelihood of having a certain strain causing
 

immunopathogenesis of HCV-ASC.

Mochida et al. have reported that a HCV core
 

peptide can inhibit Fas-mediated hepatocyte
 

apoptosis in transgenic mice induced to express HCV
 

proteins.They have reported that apoptotic cell
 

death in the liver of mice expressing HCV protein is
 

significantly reduced and that HCV proteins suppress
 

Fas-mediated apoptotic cell death and inhibit activ-

ities of caspase-9 and-3/7.These findings might
 

explain the Th1 dominance in HCV-ASC.In the
 

present study,most HCV-ASC patients showed high
 

serum levels of HCV RNA,indicating a high HCV
 

core protein level that could suppress CTL attacks on
 

hepatocytes.A Th1-dominant immune condition
 

that can augment CTLs and does not cause liver
 

inflammation results in the HCV-ASC state with
 

relatively mild histologic changes in the liver.

Interestingly,the HCV-ASC state can be induced
 

with IFN treatment.Some patients(BRs)had a
 

normal ALT level in serum after IFN treatment
 

despite the presence in serum of HCV RNA.We
 

found that naive HCV-ASC patients and BRs had
 

similar cytokine profiles.This finding suggests that
 

IFN treatment might induce an immunologic condi-

tion similar to that observed in HCV-ASC.

In cases of HCV-ASC,especially those in which
 

serum levels of HCV-RNA are high,Th1-dominant
 

cytokines appear to be induced with augmentation of
 

CTLs.Simultaneously,the apoptosis of CTL was
 

reduced,resulting in a normal serum level of ALT and
 

mild inflammation in the liver.Furthermore,we
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found that the augmentation of Th2 cytokines by IL-4
 

was also involved in this process.

Our results strongly suggest the presence of a
 

Th1-dominant immune response in HCV-ASC.

However this immune response does not cause severe
 

inflammation and the reason for this lack of
 

inflammation remains to be established in future
 

studies.
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