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SUMMARY. Current

evidence suggests that increased
expression of Th1-associated cytokines is important for
immune-mediated eradication of hepatitis C infection, while
an increase in Th2-associated cytokines is associated with
persistence of infection. In this study we evaluated the effects
of thymosin-a1 (TA1), a naturally occurring thymic peptide,
and interferon-a (IFN-a) on cytokine production in peripheral blood mononuclear cells from untreated patients with
chronic hepatitis C. We examined the effect of incubation
with TA1, IFN-a, or both, on production of Th1-associated
cytokines (IL-2, IFN-c), Th2-associated cytokines (IL-4,
IL-10), and synthesis of the antiviral protein 2¢,5¢-oligoadenylate synthetase. TA1 treatment induced a signi®cant
increase in production of IL-2 and 2¢,5¢-oligoadenylate

INTRODUCTION
Infection with the hepatitis C virus (HCV) is a signi®cant
public health problem worldwide, in both frequency and
severity. Up to 85% of patients infected with HCV go on to
chronic infection, with a high incidence of cirrhosis and
hepatocellular carcinoma [1]. Recent studies suggest that
the immune response plays a determining role, in both the
pathogenesis of liver damage and elimination of the virus
during the course of the infection. The mechanisms
responsible for chronic persistence of the virus are still poorly
de®ned, although the high degree of viral variability suggests
that mutations in immunogenic regions of HCV antigens
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synthetase. Smaller increases were also seen after treatment
with IFN-a, while incubation with TA1 and IFN-a together
led to an additive or synergistic effect. Incubation with TA1
resulted in a decrease in IL-4 and IL-10, whereas IFN-a
increased these cytokines. The addition of TA1 to IFN-a
signi®cantly reversed this IFN-a-induced increase. Hence,
TA1 treatment could bene®t patients with hepatitis C
infection by increasing the Th1-type response, fundamental
for sustained clearance of hepatitis C; and by decreasing
the Th2-type response, associated with persistence of
viraemia.
Keywords: cytokines, hepatitis C, immune response, interferon-a, Th1, thymosin-a1.

might be the primary strategy adopted by the virus to evade
immune surveillance [2±4].
One of the mechanisms involved in the immune response
during viral infection is cytokine synthesis by monocytes and
T lymphocytes (CD4 or CD8). Based on the range of cytokines synthesized and on the function they perform in the
immune response, the T lymphocytes are classi®ed as Th1
cells, characterized by the production of interleukin-2 (IL-2),
interferon-c (IFN-c), and tumour necrosis factor-alpha
(TNF-a), or Th2 cells, which produce interleukin-4 (IL-4),
interleukin-5 (IL-5), interleukin-6 (IL-6), and interleukin-10
(IL-10) [5]. The Th1 cytokine response seems to be particularly important for the effective eradication of infections
caused by intracellular pathogens, including viruses, while a
Th2 response may be associated with persistence of these
infections [6].
Thymosin-a1 (TA1) is a synthetically produced thymic
peptide that has been shown to enhance the response of T
lymphocytes and stimulate the production of endogenous
interleukins and interferons [7,8]. Following favourable
clinical results obtained from the treatment of chronic
hepatitis caused by the hepatitis B virus (HBV) [9±12] TA1
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has also been tried against chronic infections due to HCV. In
a double-blind clinical study, TA1 monotherapy, compared
with a placebo, did not show signi®cant biochemical or
virological effectiveness [13], but in multiple studies in
combination with interferon-a (IFN-a) it signi®cantly
increased the therapeutic response rate to hepatitis C in
comparison to treatment with IFN-a alone [14±16]. TA1 has
a number of immunomodulating activities, centred primarily
on augmentation of T-cell function, and speci®cally on the
generation of a Th1 pro®le. For example, TA1 increases
production of IFN-a, IL-2, IL-3 and expression of IL-2
receptor following activation by mitogens or antigens
[17±19]. TA1 stimulates thymopoiesis in a human co-culture system by increasing the number of thymocytes and
expanding CD44+25+3) and CD3+4+ T-cells [20], and
antagonizes dexamethasone-induced apoptosis in thymocytes in vitro in a dose-dependent fashion [21]. TA1
enhances production of CD3, CD4 and CD8 cells in patients
with chronic hepatitis B [9] or cancer [22], mice infected
with in¯uenza A virus [23] or aged mice immunodepressed
by hydrocortisone treatment [24].
The purpose of this study was to evaluate the in vitro
effects of IFN-a, TA1, and the combination of these compounds on the production of Th1 cytokines (IL-2, IFN-c) and
Th2 cytokines (IL-4, IL-10), as well as the synthesis of a
protein with antiviral activity, 2¢,5¢-oligoadenylate synthetase (2¢,5¢-OAS), by peripheral blood mononuclear cells
(PBMCs) obtained from patients with chronic HCV infection.

MATERIALS AND METHODS
Patients
PBMCs were obtained from eight patients (male/female: 7/1;
average age: 32.5 years, range 21±61 years) with virological and histological evidence of chronic hepatitis caused by
the HCV, who had never been treated with IFN-a. The
patient characteristics are listed in Table 1. All patients
tested negative for the hepatitis B surface antigen. Blood
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samples were obtained from each patient in the morning
after 8-h fasting, and the samples were processed immediately. All patients had given informed consent for the study,
in compliance with the Declaration of Helsinki.

Methods
The following determinations were carried out on all
patients: HBsAg (AUSRIA 2, Abbott; Chicago, IL); anti-HCV
antibody (Ortho Diagnostic Systems; Raritan, NJ); qualitative
HCV-RNA by PCR using nested primers of the noncoding
region 5¢ of the viral genome (sensitivity about 10 molecules
of HCV-RNA/mL); quantitative HCV-RNA by b-DNA (HCVRNA, Chiron Corporation; Emeryville, CA; sensitivity limit of
200 000 copies of genome/mL); HCV genotype using InnoLiPA test (HCV line probe assay, Innogenetics; Zwijndrecht,
Belgium).

Preparation of cell cultures
Peripheral blood (15 mL) was drawn from each patient
using a heparinized syringe (20 U/mL of blood with heparin
1 sodium, Parke-Davis, Inc., Milan, Italy). All the samples
were diluted 1:1 with physiological saline; each suspension
was layered on Histopaque-1077 (Sigma; St Louis, MO),
2 and then centrifuged at 1800 r.p.m. for 15 min at room
temperature. The mononuclear cells at the interface
between the plasma and the Histopaque were harvested and
centrifuged for 10 min at 300 r.p.m. after the addition of
20 mL of RPMI containing 10% fetal calf serum (Gibco
BRL, Life Technologies; European Division, Italy) and glu3 tamine (200 mM, Gibco BRL, Life Technologies; European
Division, Milan, Italy), and tested for viability with trypan
blue. The pellets were diluted with 1 mL of culture medium
and the mononuclear cells were counted in a Neubauer
counting chamber with a reverse phase-contrast micro4 scope (Zeiss, Munich, Germany). The cells were transferred
to sterile test tubes at a concentration of 1 ´ 106/mL to
obtain liquid cultures.

Table 1 Patient characteristics

Case

Sex

Age
(years)

Duration of
infection (years)

Source of
infection

ALT
(U/L)

AST
(U/L)

Viral load
(genomes/mL)

Genotype

1
2
3
4
5
6
7
8

F
M
M
M
M
M
M
M

50
36
61
23
25
33
21
32

20
9
8
8
7
13
5
2

Unknown
IVDA
Unknown
IVDA
IVDA
IVDA
IVDA
Unknown

65
274
153
219
217
142
107
94

40
62
87
93
79
60
34
38

1.0 ´ 106
6.6 ´ 106
5.94 ´ 106
2.5 ´ 106
12.37 ´ 106
3.8 ´ 106
0.23 ´ 106
15.06 ´ 106

1b
1b
1b
4
3a
3a
3a
1b

IVDA, intravenous drug abuse; ALT, normal values: 0±40 U/L; AST, normal values: 0±37 U/L.
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The cells from each patient were subjected to eight different experimental conditions; four in the presence and four
in the absence of concanavalin A (ConA) at 10 mg/mL
(Sigma). The incubation conditions were as follows: culture
medium alone (RPMI); culture medium containing
500 U/mL of IFN-a (Wellferon; Glaxo Wellcome, Verona,
Italy); culture medium containing 10 lg/mL TA1 (SciClone
Pharmaceuticals, San Mateo, CA); and culture medium
containing IFN-a and TA1 together. The cell cultures were
set for 24 h at 37 °C in a moist chamber with an atmosphere containing 5% carbon dioxide. After 24 h, the
supernatants were harvested, centrifuged at 3000 r.p.m. for
10 min, separated from the cells, divided into aliquots, and
immediately preserved at ±80 °C for subsequent testing.
The doses of TA1 (10 lg/mL) and IFN-a (500 U/mL) were
chosen based on the results of previous studies demonstrating that those doses were able to stimulate the synthesis of
IL2 and 2¢,5¢-OAS [25].
The production of IL-2, IFN-c, IL-4, and IL-10 was
determined by immunoenzymatic assays (for IFN-c, IL-4,
and IL-10: R & D Systems; Minneapolis, MN; for IL-2:
Endogen; Woburn, MA) using the supernatants harvested
from the cell cultures stimulated with ConA. The limit of
sensitivity of the assays were 6 pg/mL for IL-2, 3 pg/mL for
IFN-c and IL-10, and 1.5 pg/mL for IL-4.
The activity of 2¢,5¢-OAS was determined in the supernatants of the cell cultures incubated in the absence of
ConA, using a radioimmunological assay (Eiken Chemical
Co., Ltd.; Tokyo, Japan). The sensitivity of the method was
10 pmol/dL.

Statistical analysis
The data, expressed as mean  standard error of the mean
(M  SEM) were analysed using nonparametric statistical
tests. In particular, the comparison between the average
concentration of cytokines was evaluated by Wilcoxon's test
for paired data. Linear regression for the relationship
between variables was calculated using Spearman's correlation coef®cient. A value of P < 0.05 was considered statistically signi®cant. Data processing was carried out with
the SPSS statistical package for Windows.

RESULTS
Th1 cytokines
The production of IL-2 and IFN-c by PBMCs under the various experimental conditions is shown in Figs 1 and 2,
respectively. The addition of IFN-a to the culture signi®cantly increased the synthesis of IL-2, as compared with the
baseline conditions of ConA stimulation (185  30 pg/mL
vs. 100  36 pg/mL, P  0.01). This increase was even
greater in the presence of TA1 (643  121 pg/mL vs.
100  36 pg/mL, P  0.01) and in the presence of IFN-a
plus TA1 (801  141 pg/mL vs. 100  36 pg/mL,
P  0.01). Compared with treatment with IFN-a alone,
production of IL-2 in the presence of TA1 or IFN-a plus TA1
was signi®cantly higher (P  0.01 in both cases). The
increase observed in the presence of IFN-a plus TA1 as
compared with TA1 alone was additively and statistically
signi®cant (P  0.025).

Fig. 1 Interleukin-2 synthesis in peripheral blood mononuclear cells stimulated by ConA and incubated with TA1, IFN-a, or
both. (a) Individual data. (b) Mean + standard error of the mean. *P  0.01 vs. control; #P  0.01 vs. IFN-a; §P  0.025
vs. TA1.
Ó 2001 Blackwell Science Ltd, Journal of Viral Hepatitis, 8, 194±201
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Fig. 2 IFN-c synthesis in peripheral blood mononuclear cells stimulated by ConA and incubated with TA1, IFN-a, or both.
(a) Individual data. (b) Mean  standard error of the mean. *P  0.05 vs. control.
Treatment of cells with IFN-a brought about an increase
in the synthesis of IFN-c as compared with the baseline
conditions (3590  450 pg/mL vs. 2824  655 pg/mL,
P  0.05), but there was no signi®cant change in the synthesis of IFN-c in the presence of TA1 or in the presence of
IFN-a plus TA1 as compared with the baseline conditions
(2774  815 pg/mL and 3327  521 pg/mL vs. 2824 
655 pg/mL, P  ns).
No correlation was found between age, ALT levels or HCVRNA titres and either baseline or stimulated Th1 cytokines.

Th2 cytokines
Figures 3 and 4 show the changes in the synthesis of IL-4
and IL-10, respectively. Treatment of cells with IFN-a sig-

ni®cantly increased the synthesis of IL-4 as compared with
baseline conditions of ConA stimulation (117  17 pg/mL
vs. 89  17 pg/mL, P  0.01). On the other hand, in the
presence of either TA1 or IFN-a plus TA1, there was a
signi®cant reduction in the synthesis of IL-4 in comparison
with baseline conditions (21  13 pg/mL and 19  7 pg/mL
vs. 89  49 pg/mL, P  0.01 in both cases) and in comparison to the presence of IFN-a alone (P  0.01 in both
cases).
The production of IL-10 was similar to that of IL-4, where
IFN-a signi®cantly increased synthesis as compared with the
baseline level (1749  209 pg/mL vs. 1098  200 pg/mL,
P  0.01), while both TA1 alone or IFN-a plus TA1 caused a
signi®cant reduction in synthesis compared with baseline
conditions (297  42 pg/mL and 349  69 pg/mL vs.

Fig. 3 Interleukin-4 synthesis in peripheral blood mononuclear cells stimulated by ConA and incubated with TA1, IFN-a, or
both. (a) Individual data. (b) Mean  standard error of the mean. *P  0.01 vs. control; #P  0.01 vs. IFN-a.
Ó 2001 Blackwell Science Ltd, Journal of Viral Hepatitis, 8, 194±201
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Fig. 4 Interleukin-10 synthesis in peripheral blood mononuclear cells stimulated by conA and incubated with TA1, IFN-a,
or both. (a) Individual data. (b) Mean  standard error of the mean. *P  0.01 vs. control; #P  0.01 vs. IFN-a.
1098  200 pg/mL, P  0.01 for both) and compared with
IFN-a (P  0.01 in both cases).
No correlation was found between age, ALT levels or HCVRNA titres and either baseline or stimulated Th2 cytokines.

Synthesis of the antiviral protein 2¢,5¢-OAS
Figure 5 shows the results of the synthesis of 2¢,5¢-OAS.
The synthesis of this antiviral protein was signi®cantly
increased in the presence of IFN-a as compared with baseline
conditions (1056  571 pmol/mL vs. 97  45 pmol/mL,
P  0.01). In the presence of TA1 the average increase was
greater than that observed in the presence of IFN-a, however, it was not statistically signi®cant with respect to the

baseline value (1309  1142 pmol/mL vs. 97  45 pmol/
mL, P  ns). The increase observed in the presence of IFN-a
plus TA1 was signi®cantly higher as compared with
the baseline (8955  4114 pmol/mL vs. 97  45 pmol/mL,
P  0.01) and with respect to the presence of IFN-a alone
(P  0.01) or TA1 alone (P  0.01), re¯ecting a possible
synergistic effect of the two drugs.
No correlation was found between age, ALT levels or HCVRNA titres and either baseline or stimulated 2¢,5¢-OAS.

DISCUSSION
The mechanisms by which HCV evades surveillance by the
host's immune system and produces a chronic infection are

Fig. 5 2¢,5¢-Oligoadenylate synthetase synthesis in peripheral blood mononuclear cells incubated with TA1, IFN-a, or both.
(a) Individual data. (b) Mean  standard error of the mean. *P  0.01 vs. control; #P  0.01 vs. IFN-a; §P  0.01 vs. TA1.
Ó 2001 Blackwell Science Ltd, Journal of Viral Hepatitis, 8, 194±201
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not fully understood. A Th1 response appears to be associated with a vigorous antiviral response, while a polarization
towards Th2 has been suggested to be correlated with
decreased severity of hepatic damage [26,27]. The evaluation of Th1/Th2 response pro®le in patients with chronic
HCV infection has yielded con¯icting results. Some studies
have found an activation of all T lymphocyte responses in
serum, with high levels of IL-2, IL-4, IL-10, TNF-a, and INF-c
as compared with normal controls [28±29]. Conversely,
Cacciarelli et al. [30] have shown that during the course of
chronic infection with HCV, elevation of the Th2-associated
cytokine levels was markedly higher than that of the
Th1-associated cytokines. Reiser et al. [31] have also shown
that some patients with chronic HCV infection have high
levels of IL-4 and IL-10. Recently, we found high serum
levels of soluble CD30, a glycoprotein preferentially
expressed and released by T lymphocytes producing Th2
cytokines in patients, with chronic hepatitis C and there was
a correlation with histological activity of the disease [32].
Taken together, these data suggest that the release of Th2
cytokines could be involved in the virus' mechanism of
avoiding immune surveillance.
The present study demonstrated that TA1 induces a signi®cant increase in the production of the Th1 cytokine IL-2
and, to a lesser extent, of the antiviral protein 2¢,5¢-OAS by
PBMCs from patients with chronic HCV infection. An
increase in these parameters was also seen after treatment of
these cells with IFN-a, but the increase due to TA1 was
signi®cantly greater. In fact, incubation of the PBMCs with a
combination of IFN-a and TA1 leads to an additive or even
synergistic effect on synthesis of IL-2 and 2¢-5¢ OAS.
Many effects of TA1 appear to be synergistic with those of
Th1 cytokines, and the peptide may work best in combination with other immunomodulators. For example, TA1
6 enhanced the effects of IFN-a on the natural killer (NK)-cell
activity of lymphocytes from mice [33], as well as from normal human donors [34] or HIV-infected patients [35]. TA1
also augments the effects of IL-2 in lymphocytes from both
normal and immune-suppressed mice [36]. This additive or
even synergistic effect seen upon combination of treatment
with TA1 and IFN-a was also seen in the present study.
Response to treatment by HCV-infected patients with IFNa has been correlated with a Th1 type of T-cell response,
while non-responders produce more Th2 cytokines [37].
Treatment of PBMCs from patients with HCV with IFN-a has
previously been shown to result in an increase in both Th1
and Th2-associated cytokines, which would be less than
optimal for clearing an HCV infection [38]. In the present
study, incubation of PBMC from HCV-infected patients with
TA1 resulted in a decrease in the Th2 cytokines IL-4 and
IL-10. Conversely, incubation with IFN-a increased these
Th2 cytokines. In previous studies, the addition of ribavirin
to IFN-a appeared to inhibit the production of Th2 cytokines
[38]. This is similar to the results seen in the present study
with TA1 treatment where incubation with TA1 in combi-
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nation with IFN-a blocked the PBMC counter-regulatory
response resulting in a decrease of the IFN-a-induced production of IL-4 and IL-10. However, TA1 immune effects are
broader than those of ribavirin, as TA1 also increases the
production and maturation of CD4 and CD8 T-cells [20±22].
Therefore, TA1 may bene®t patients with HCV infection
twofold: ®rst, by blocking the IFN-a-induced Th2 response
and, second, by increasing T-cell subsets fundamental for
sustained clearance of HCV.
Recent studies have shown that the clearance of HCV
infection after IFN-a treatment can be described as a twophase process [39]; the initial IFN-a dose-dependent decline
appears to be related to prevention of virion production or
release while the second, slower phase appears to be related
to clearance of infected cells by the immune system.
Although the ®rst phase of HCV-RNA decline is seen in the
majority of IFN-treated patients, viraemia will continue to
decline in the second phase only in responders. Thus, an
effective HCV-speci®c immune response appears to be
necessary for sustained HCV clearance. Therefore, the addition of an immunomodulatory therapy, such as TA1, could
positively in¯uence the second step of HCV clearance by
enhancing the host Th1 response. The resulting effect would
be an increase in the response rate as compared with IFN-a
monotherapy.
Three studies have investigated the therapeutic effect of
TA1 in combination with IFN-a for treatment of chronic
hepatitis C. These are a phase 3 study in the USA where
patients were treated for 6 months [16] and two phase 2
studies in Italy where patients were treated for 6 months
or 12 months [14,15]. These studies have been analysed
independently, using both pooled and meta-analysis techniques [40]. Pooled intent-to-treat analysis revealed an
end-of-treatment biochemical response of 45% in the TA1
plus IFN-a combination treatment group compared with
22% in the IFN-a monotherapy group (P  0.0096), while
a sustained biochemical response was observed in 22% of
patients treated with TA1 plus IFN-a compared with 9% in
the IFN-a monotherapy group. Meta-analysis of the
virological response data indicated that TA1 plus IFN-a
combination therapy was signi®cantly superior to IFN
monotherapy. The response rates obtained with the combination TA1 plus IFN-a are similar to those obtained with
the combination IFN-a plus ribavirin [41,42], which is the
suggested ®rstline treatment for chronic hepatitis caused
by HCV. However, IFN-a plus ribavirin induces a long-term
response in only 28% of patients infected with genotype 1
[41], while the association of TA1 with IFN-a has been
shown to achieve sustained clearance of HCV-RNA in 39%
of treated patients with genotype 1 [15]. Moreover, in all
studies [16] TA1 has been well tolerated and was not
associated with any signi®cant side-effects, while ribavirin
adds toxicity to the side-effect pro®le of IFN-a and the rate
of discontinuation of the combined treatment is about 20%
[43±46].
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The data from the present study, although derived from a
small number of patients, provides a mechanism to explain
the bene®cial effect of the combination of TA1 plus IFN-a in
chronic hepatitis C. Treatment of PBMCs from patients with
chronic hepatitis C with TA1 leads to an increase in Th1
cytokines with a simultaneous decrease in Th2 cytokines; an
even greater response including generation of the antiviral
protein 2¢,5¢-OAS is seen upon treatment with both TA1
with IFN-a. Further studies are needed to evaluate the in vitro
and in vivo effects of different pharmacological doses of TA1
in association with IFN-a.
In conclusion, combination treatment of hepatitis C with
IFN-a and TA1 could be ideal, as it stimulates Th1 helper
cell subsets without a concomitant stimulation of Th2. The
association of TA1 plus interferon is of interest also
because it is very well tolerated and not associated with any
signi®cant side-effects.
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