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resolution or persistence of infection. In particular, the cyto-The cytokine pattern secreted by T cells on viral anti-
kine profile stimulated by the initial encounter with the virusgen recognition is believed to exert a profound influence
can either contribute to efficiently inhibit viral replication ifon both the type of disease caused by the infecting agent
Th1 helper (Th) cytokines are predominant, or facilitate theand the final outcome of the viral infection. To charac-
spread of the pathogen within the host if the balance is interize the cytokine pattern associated with spontaneous
favor of T-2-type cytokines.9,10 Indeed, it has been shown thatresolution of acute hepatitis B, we analyzed interferon
Th1 cytokines (such as interleukin [IL]-2, interferon gammagamma (IFN-g), interleukin (IL)-4, and IL-5 production
[IFN-g], and tumor necrosis factor b) are principally involvedby a wide series of hepatitis B virus (HBV) nucleocapsid-
in cell-mediated immunity11; they can contribute to the im-specific T-cell lines (34 lines) and T-cell clones (71 clones)
munopathology caused by the infecting agent, and can alsoderived from the peripheral blood of 13 patients during
play a crucial role in protection from intracellular patho-the acute or recovery phase of hepatitis B (2 and 7 of
gens,12,13 including viruses.14,15 In contrast, Th2 cytokines (in-them were studied only in the recovery or the acute
cluding IL-4 and IL-10) can be beneficial against extracellu-phase, respectively, and 4 during both). Most T-cell lines
lar pathogens,16 because they mostly regulate humoral(67%) and clones (77%) isolated during the acute phase
immune responses, but their predominant effect can be asso-of infection expressed a T-helper (Th) 1 cytokine profile
ciated with progressive disease by intracellular infectiousdominated by the production of IFN-g. A larger propor-
agents.11-13tion (74%) of T-cell lines produced several years after

To characterize the cytokine profile associated with acuteresolution of hepatitis was able to secrete not only IFN-
self-limited hepatitis B and successful resolution of disease,g, but also IL-4 and IL-5 (Th0-like cells). Results indicate
HBV nucleocapsid-specific T-cell lines and clones were pro-that the antigen-specific fraction of peripheral blood T
duced from the peripheral blood of patients acutely infectedcells in acute self-limited hepatitis B selectively secrete
with HBV or recovered from acute hepatitis, and were testedTh1-type cytokines, suggesting that Th1-mediated ef-
for their cytokine secretion on antigen or mitogen stimula-fects may contribute not only to liver cell injury, but
tion. Results indicate that most circulating HBV nucleocap-probably also to recovery from disease and successful
sid-specific T lymphocytes in acute HBV infection are Th1-control of infection. (HEPATOLOGY 1997;25:1022-1027.)
like cells that may contribute not only to liver injury, but
also to create conditions favorable to the eradication of viralPatients with acute self-limited hepatitis B are able to
infection.mount vigorous HLA class I1-3 and class II4,5 restricted T-cell

responses against different epitopes within hepatitis B virus
PATIENTS AND METHODS(HBV) antigens, whereas patients with chronic HBV infec-

tion and persistent viral replication show weaker and fre-
Patients. Eleven patients (2 females and 9 males; mean age, 37.3quently undetectable HBV-specific T-cell responses.6,7 This

{ 12.2 years) with acute self-limited hepatitis type B were studied.different vigor of the antiviral T-cell response is believed to The diagnosis of acute hepatitis was based on the finding of elevatedrepresent a crucial determinant of the final outcome of infec- values of serum glutamic pyruvic transaminase activity (at least 10
tion. However, the mechanisms responsible for this difference times the upper level of normal), associated with the detection of
are still largely undefined.8 immunoglobulin (Ig)M anti hepatitis B core antigen antibodies in

Besides quantitative differences, qualitative changes of the the serum, as well as the recent onset of jaundice and other typical
immune response may also play a crucial role in determining symptoms of acute hepatitis. All patients were negative for antibod-

ies to hepatitis C virus and to HIV-1,2 with the exception of a patient
who was positive for hepatitis C virus antibodies. Four of them were
also studied 5 to 6 years following clinical recovery. Two additional
patients were studied only after resolution (ú6 years) of hepatitisAbbreviations: HBV, hepatitis B virus; Th, T helper; IL, interleukin; IFN-g, interferon

gamma; Ig, immunoglobulin; HBcAg, hepatitis B core antigen; PBMC, peripheral blood (i.e., they were negative for hepatitis B surface and e antigens, and
mononuclear cells; APC, antigen-presenting cells; PHA, phytohemagglutinin. positive for antibodies to hepatitis B core (HBcAg) and surface anti-
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Università di Firenze, 50134, Firenze, 3Dipartimento di Medicina Sperimentale, Università
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sodium dodecyl sulfate–polyacrylamide gel.di Parma, Via Gramsci 14, 43100 Parma, Italy. Fax: 39-521-988706.
An HBcAg deletion mutant lacking the carboxyl-terminal 39Copyright q 1997 by the American Association for the Study of Liver Diseases.

0270-9139/97/2504-0038$3.00/0 amino acid residues of the core molecule was produced in E. Coli

1022

AID Hepa 0010 / 5p1e$$$181 03-11-97 18:53:12 hpta WBS: Hepatology



HEPATOLOGY Vol. 25, No. 4, 1997 PENNA ET AL. 1023

TABLE 1. Fine Specificity of the Polyclonal T-Cell Lines and Clonesand provided by Biogen (Geneva, Switzerland).18 Its purity was
99.8% and it is herein designated as hepatitis B e antigen. Produced by PBMC Stimulation With HBV Nucleocapsid Antigen or

Peptides From 11 Patients With Acute Hepatitis BTwenty-two partially overlapping peptides, 10 to 20 amino acids
long, corresponding to the complete sequence of the core region–

Number of T-Cell Populationsencoded polypeptide (subtype ayw), were purchased from Multiple Responsive to the Indicated
Peptide System (La Jolla, CA) and Chiron Mimotopes (Clayton, Vic- Peptides

Peptide Responsivetoria, Australia), or kindly provided by Cytel (San Diego, CA). Amino
(AA Sequence) T-Cell Lines T-Cell Clones Patientsacid sequences of the synthetic peptides used in this study, and indi-

cated by the amino acid position from the N-terminus of the core
1-20 5 1 5derived polypeptide, are as follows: 1-20, 11-27, 20-34, 28-47, 38-54,

20-34 1 14 150-59, 50-64, 50-69, 61-80, 70-89, 82-101, 91-110, 100-119, 111-125,
28-47 4 5 4117-131, 120-139, 131-145, 140-155, 147-161, 155-169, 162-176, and
50-69 6 10 6169-183.
91-110 4 0 4Isolation of Antigen-Specific Polyclonal T-Cell Lines and T-Cell

100-119 2 28 2Clones. Peripheral blood mononuclear cells (PBMC) isolated from
111-125 3 0 3fresh heparinized blood by Ficoll-Hypaque density gradient centrifu-
117-131 4 3 4gation and resuspended in RPMI 1640 supplemented with 25 mmol/
120-139 2 0 2L HEPES, 2 mmol/L L-glutamine, 50 mg/mL gentamycin, and 8%

human serum (complete medium) were cultured either in round- NOTE. The fine specificity of 3 HBcAg-specific lines and 10 HBcAg-specific
bottom wells of 96-well plates (Costar, Cambridge, MA) at 1 1 106

clones could not be defined with the available panel of peptides. While each
cells per milliliter or in 24-well plates (Costar) at 2.5 to 3 1 106 cells T-cell clone was able to recognize only one peptide, polyclonal lines produced
per 1.5 mL in the presence of hepatitis B e antigen or HBcAg (0.5 by PBMC stimulation with protein were all multispecific, i.e., able to recognize
mg/mL) or individual synthetic peptides (1 mg/mL). After 5 to 7 days more than one peptide.
at 377C in an atmosphere of 5% CO2 in air, activated T cells were Abbreviation: AA, amino acid.
expanded by adding recombinant IL-2 (20 U/mL; Cetus Corporation,
Emeryville, CA). On day 14, growing lines were tested for antigen
specificity and those that scored positive were restimulated with
antigen or peptide in the presence of irradiated (4,000 rads) autolo- Autologous irradiated APC were incubated first with monoclonal an-
gous PBMC (5 1 105/mL) as a source of antigen-presenting cells tibodies for 1 hour at 377C, then with synthetic peptides (0.5 mg/mL,
(APC) in medium supplemented with IL-2. From this point, T-cell 1 hour, 377C) or with HBV antigens (0.5 mg/mL, 4 to 6 hours, 377C),
lines were kept in culture by restimulation with antigen or peptide and finally washed before addition to responder T cells. Results are
in the presence of autologous-irradiated APC every 10 to 14 days expressed as a percentage of inhibition of the proliferation (measured
and provided with supplementary IL-2–containing medium between as 3H-thymidine incorporation) obtained in the absence of anti-HLA
restimulations to maintain the cell concentration between 3 1 105

monoclonal antibodies.
and 1 1 106.4 Allogeneic irradiated antigen presenting cells were incubated for

Selected antigen-specific T-cell lines were cloned by limiting dilu- 2 hours at 377C in medium alone or with different concentrations of
tion at 1 cell per well in round-bottom 96-well plates, in RPMI me- synthetic peptides, washed extensively and then cocultured (1 1 105

dium containing 10% fetal calf serum, 3% human serum, and IL-2 (20 cells per well) for 3 days with responder T cells. 3H-Thymidine was
U/mL), in the presence of allogeneic-irradiated (6,000 rads) PBMC as added to the cultures 6 hours before harvesting.
feeder cells (1 1 105 cells per well) and phytohemagglutinin (PHA) Cytokines Production and Quantitation. T cells from antigen-spe-
(1:200; PHA-M, Gibco, Life Technologies, Paisley, UK). All wells were cific lines (1 1 106/mL) were washed extensively and incubated with
restimulated weekly with irradiated feeder cells and IL-2 until grow- an equal number of autologous irradiated APC in the presence of
ing colonies were tested for antigen specificity. Specific T-cell clones antigen or peptides. T-cell blasts of each clone (1 1 106/mL) were
were restimulated every 20 days by adding irradiated allogeneic stimulated either with PHA alone (1:200) or with antigen or peptide
feeder cells (5 1 105/mL) and PHA (1:400), and were provided with in the presence of autologous irradiated APC. After 40 to 48 hours
supplementary IL-2–containing medium between restimulations. of culture, T-cell blasts were centrifuged and the supernatants were

The probability for each positive well being a clone derived from a collected and stored at 0707C. IFN-g and IL-4 were quantitated by
single precursor was calculated by means of a conditional probability commercially available enzyme-linked immunosorbent assays (Bio-
argument assuming Poisson statistics.19 Source International Inc., Camarillo, CA, and Quantikine R & D

Proliferation Assay. For the study of polyclonal T-cell lines and Systems, Minneapolis, MN, respectively), as previously described.20

clones, T cells were washed extensively to remove IL-2 and fetal calf For the measurement of IL-5, the murine LyH7.B13 cell line was
serum, and subsequently cocultured in 96-well plates (2 to 3 1 104/ used as a source of indicator cells.20 A semiquantitative estimate of
well), in complete medium, for 3 days with autologous irradiated IL-5 produced by T cells was obtained by a standard curve of human
PBMC (1 1 105/well) as APC in the presence or absence of antigens recombinant IL-5 (Genzyme, Cambridge, MA). Values of the cytokine
or peptides. content 5 SD over those of control supernatants derived from irradi-

All proliferation assays were performed in triplicate in round-bot- ated feeder cells alone were regarded as positive.
tom 96-well plates, and 3H-thymidine (0.5 mCi per well; specific activ-

RESULTSity, 2.0 Ci/mmol; Amersham International, Amersham, Little Chal-
font, Buckinghamshire, UK) was added 6 hours before harvesting. HBV Nucleocapsid-Specific T-Cell Lines and Clones. PBMC
The results are expressed as a stimulation index, which represents isolated during the acute phase of infection from 11 patientsthe ratio between mean counts per minute obtained in the presence

with self-limited hepatitis B were stimulated either withof antigens or peptides and the counts per minute measured in the
HBV nucleocapsid antigen or with HBV core synthetic pep-absence of antigens or peptides. Stimulation index values above 4
tides to expand HBV-responsive T cells. Fifteen antigen-spe-were required to define a proliferative response as positive.
cific polyclonal T-cell lines were derived by HBcAg (9 lines)HLA Restriction of Antigen Recognition. The HLA restriction of

peptide recognition by T cells was determined using either murine or peptide stimulation (6 lines).
monoclonal antibodies against human HLA class I and class II mole- The fine specificity of 6 of the 9 T-cell lines produced by
cules to block cell proliferation or allogeneic APC (HLA matched or PBMC stimulation with antigen was then identified using
mismatched with the T-cell donor) to present the peptide to T-cell synthetic peptides (Table 1). All were able to recognize more
lines or clones. than one peptide. On the other hand, all 6 T-cell lines pro-

Monoclonal antibodies recognizing monomorphic determinants of duced with synthetic peptides also responded to the wholeHLA DR (D1-12; IgG2a), DQ1 (BT3/4; IgG1), DQ2 (XIII358/4; IgG2a),
recombinant core antigen, showing that the immunogenicDQ3 (XIV466; IgG2b), DP (B7/21; IgG2a), and a monoclonal antibody
epitopes could actually be generated by the intracellular pro-specific for HLA-A, -B, and -C antigens (W6/32; IgG2a) was a gift
cessing of HBcAg (data not shown).from Dr. R. S. Accolla, University of Genova, Italy.4 Anti–HLA class

To compare the functional features of HBV-specific T cellsII monoclonal antibodies were used at a final dilution of ascitic fluid
of 1:500; purified W6/32 was used at the concentration of 1 mg/mL. circulating in the acute and recovery phases of hepatitis, 19
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TABLE 2. HLA Restriction of Antigen Recognition by HBV cells in association with HLA class II molecules, and that
Nucleocapsid-Specific T Cells some of these amino acid sequences (HBc28-47 , HBc50-69 ,

HBc111-125) could associate with multiple HLA class II deter-% Inhibition
Fine Responder Restriction HLA minants (Table 2).

Specificity T Cells Method Restriction DR DQ DP Cytokine Profile of T-Cell Lines and Clones. Different ex-
perimental strategies were used to analyze the cytokine pat-1-20 CF line MoAb DR 75 0 0
tern secreted by HBV-specific T-cell clones. Cytokine produc-11-27 LA line MoAb DQ 0 85 25
tion of 26 clones was tested on antigen (or peptide)18-27 RA line 1 MoAb DP 0 0 91
stimulation in the presence of autologous irradiated APC.28-47 RI line Allo APC DR07

VD line Allo APC DQ0502 Supernatants for cytokine analysis were also obtained by
50-64 SM line 1 MoAb DP 0 0 85 PHA stimulation from 53 clones. Finally, cytokine production
50-69 SM line 2 MoAb DP 8 0 90 of 11 clones was also tested on anti-CD3 and phorbol myris-

CA line Allo APC DQ0503 tate acetate stimulation.
GP line Allo APC DR0301 Irrespective of the type of stimulation protocol, all clones were91-110 RA line 1 MoAb DQ 0 62 0

found to secrete IFN-g (Fig. 1A), and most of them showed a111-125 SM line 3 MoAb DP 15 15 75
Th1 cytokine profile, being able to secrete IFN-g but neitherRA line 1 MoAb DQ 0 45 0
IL-4 nor IL-5. Indeed, 73% and 27% of the T-cell clones stimu-

NOTE. T-cell lines of the indicated fine specificity were stimulated with lated with PHA and 77% and 23% of those stimulated with
immunogenic peptides either in the presence of HLA-matched or -mismatched antigen were Th1 and Th0, respectively (Fig. 2A), whereas no
APC or in the presence of autologous APC with or without anti-HLA mono- Th2 clones could be identified with either type of stimulation.
clonal antibodies, as described in Patients and Methods. No inhibition was Eleven clones tested in parallel with PHA or with phorbol my-observed with anti–HLA class I monoclonal antibodies.

ristate acetate plus anti-CD3 showed identical cytokine secre-Abbreviations: MoAb, monoclonal antibody; Allo, allogenic.
tion, with the exception of 2 that showed a Th1 profile on PHA
stimulation and a Th0 profile upon anti-CD3 and phorbol myris-
tate acetate activation (data not shown).polyclonal T-cell lines were produced by antigen or peptide

The failure to detect Th2 clones in the population of HBV-stimulation of PBMC isolated several years after the com-
specific T cells was not caused by the experimental conditionsplete clinical resolution of disease. Five of the 19 lines were
of cloning, because 24% and 18% of tetanus toxoid-specific T-produced with antigen, and, in 4 of them, the fine specificity
cell clones derived with the same cloning technique fromwas defined by stimulation with synthetic peptides.
PBMC of two patients with acute hepatitis showed a Th2Seven polyclonal T-cell lines derived from four patients
profile of cytokine secretion (Fig. 2C and 2D).during the acute phase of infection (4 of known peptide speci-

The results obtained at the clonal level were confirmedficity and 3 able to recognize recombinant core antigen) were
with polyclonal HBV nucleocapsid-specific T-cell lines. Tenselected for cloning by limiting dilution. A total of 71 HBV
of the 15 T-cell lines derived from the acute phase of infectionnucleocapsid-specific CD4/ T-cell clones were obtained: 10
(67%) secreted significant amounts of IFN-g, but neither IL-proliferated to HBV nucleocapsid antigens, but no peptide
4 nor IL-5 (Th1 profile), whereas the remaining 5 lines (33%)specificity could be defined; 1 was specific for HBc1-20 , 14 for
produced IFN-g in association with IL-4 and/or IL-5 (Th0HBc20-34 , 5 for HBc28-47 , 10 for HBc50-69 , 28 for HBc100-119 , and
profile) (Figs. 1B and 2B).3 for HBc117-131 (Table 1).

An opposite behavior was observed with the T-cell linesBlocking experiments with anti-HLA monoclonal antibod-
derived from PBMC obtained in the recovery phase (severalies and presentation of the immunogenic peptides by HLA-
years following resolution of infection), because 74% of themmatched or -mismatched APC showed that most HBV nucleo-

capsid epitopes identified in our study were recognized by T were Th0, 21% were Th1, and 5% were Th2 (Table 3).

FIG. 1. Levels of cytokines secreted by HBV nucleo-
capsid-specific T-cell clones (A) and lines (B) derived
from 11 patients with self-limited hepatitis B during
the acute phase of disease.
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cells in the context of different HLA class II alleles.21-23 Irre-
spective of the strategy used to stimulate cytokine production
in vitro, most T-cell lines and clones (approximately 70%)
showed a Th1 profile dominated by the secretion of IFN-g;
about 30% were Th0-like cells, able to produce not only IFN-
g but also IL-4 and/or IL-5, whereas no T-cell line or clone
showed a polarized Th2 profile. This lack of detection of Th2-
type cells among circulating HBV nucleocapsid-specific T
lymphocytes in patients with acute HBV infection was not
caused by the experimental approach used for cloning, be-
cause Th2-type T-cell clones were generated by the same pro-
tocol, using a different antigen, such as tetanus toxoid, to
stimulate PBMC. Moreover, a prevalent Th0 pattern was ob-
served after recovery from hepatitis.

Because Th1 cells and their cytokines are involved in de-
layed hypersensitivity, which is a primary defense against
intracellular pathogens,9 the prevalent Th1 pattern of se-
creted cytokines can be regarded not only as a mechanism
contributing to inflammation and local tissue damage, but
also as an appropriate response of the immune system to
create conditions that hamper viral replication and eventu-
ally lead to HBV eradication. Indeed, enhancement of the
antiviral activity of macrophages, in particular by stimula-
tion of nitric oxide production,24-26 induction of resistance to
virus in neighboring cells,27 and increased expression of HLA
molecules on infected cells27 are only some of the antiviral
effects of Th1 cytokines. Moreover, in a transgenic mouse
model of HBV replication, Th1 cytokines secreted by adop-
tively transferred cytotoxic T lymphocytes have been shown

FIG. 2. Cytokine profile of 71 HBV nucleocapsid-specific T-cell clones (A) to down-regulate viral gene expression, leading to HBV clear-
and 15 lines (B) (upon antigen or PHA stimulation) derived from 11 patients ance from liver cells without their lysis.28,29 The predomi-
with acute HBV infection, and of tetanus toxoid–specific T-cell clones (upon nance of a Th1-type T-cell response found at the clonal levelantigen stimulation) derived from PBMC of two patients (51 clones [C] and 44

in the acute phase of hepatitis B might be related to theclones [D]).
production of IL-12 in the liver microenvironment by acti-
vated phagocytes involved in the clearance of cell debris de-
rived from dying hepatocytes. Indeed, IL-12 is produced by

The analysis of the cytokine secretion induced in T-cell both macrophages and dendritic cells (reviewed in Trin-
lines and clones generated during the acute infection by indi- chieri30), and its production elicited by phagocyte-activating
vidual peptides showed a preferential stimulation of Th1- stimuli has been found to play a central role in the polariza-
type cytokines by most of the HBV core epitopes, although tion of Th cells into a Th1-like profile.31-33

definitive conclusions cannot be drawn for all peptides, owing On the other hand, a cytokine balance in favor of Th2-type
to the limited number of clones specific for some of the epi- responses has been associated with progressive disease by
topes (Table 4). intracellular pathogens, and a shift from Th1 to Th0 or Th2

profiles has been observed in human immunodeficiency vi-
DISCUSSION rus–infected patients progressing to acquired immune defi-

ciency syndrome.34,35 Unfortunately, a similar prospectiveBecause the type of cytokines secreted by T cells upon rec-
ognition of viral antigens is believed to influence both the study of the cytokine pattern from the acute to the chronic

stage of HBV infection is almost impossible in patients withtype of damage caused by the infecting agent and the final
outcome of the infection, HBV-specific T-cell lines and clones hepatitis B, because clinically overt, acute HBV infections are

generally self-limited and chronic evolution more commonlywere produced from the peripheral blood of patients with
acute infection to characterize the cytokine profile associated follows anicteric, clinically silent infections. Furthermore, pa-

tients with a long-lasting condition of chronic HBV infectionwith self-limited hepatitis. T-cell clones and lines were se-
lected by PBMC stimulation with nucleocapsid antigen be- are generally hyporesponsive to HBV antigens at the T-cell

level in the peripheral blood compartment, in part as a conse-cause it is the most powerful immunogen for HLA class II–
restricted T cells in the acute phase of hepatitis B and can quence of the low frequency of circulating HBV-specific T

cells.36 This makes their isolation and the comparison of theiractivate a strong T-cell response that appears to be tempo-
rally associated with the clearance of HBV envelope antigens functional features with those of T cells from the acute stage

of infection a very difficult task. Unfortunately, available in-from the serum.6,7 The study was performed on the peripheral
blood compartment because liver tissue required for purifica- formation about the cytokine secretion by liver-infiltrating
tion of lesional T cells cannot be obtained for ethical reasons
in patients with acute hepatitis B.

TABLE 3. Comparison of the Cytokine Profiles of 15 T-Cell LinesAll T-cell clones and lines showed a CD4/ phenotype, and
Derived From 11 Patients During the Acute Phase of Hepatitis Bthose tested for HLA restriction showed recognition of the

and 19 Lines Obtained From 6 Subjects Recoveredstimulatory antigen in association with HLA class II mole- From Acute Hepatitis
cules. Some core peptides were presented to T cells by more

Cytokine Profile Acute Hepatitis (%) Resolved Hepatitis (%)than one HLA class II allele. This is in keeping with the
observation that some peptides were recognized by patients

Th1 67 21expressing different HLA haplotypes (not shown) and with Th0 33 74
previous reports indicating that HLA class II–restricted T- Th2 0 5
cell epitopes can be ‘‘promiscuous,’’ i.e., able to activate T
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TABLE 4. Cytokine Profile of 15 T-Cell Lines and 71 T-Cell Clones (From the Acute Phase of Hepatitis B) in Relation to Their Fine Specificity

Specificity

Amino Acid

1-20 20-34 28-47 50-69 91-110 100-119 111-125 117-131 120-139 HBe/c
(n Å 2) (n Å 14) (n Å 6) (n Å 16) (n Å 1) (n Å 29) (n Å 1) (n Å 3) (n Å 1) (n Å 13)

Th1 2 10 3 13 0 25 0 2 1 7
Th0 0 4 3 3 1 4 1 1 0 6
Th2 0 0 0 0 0 0 0 0 0 0

NOTE. The fine specificity was not defined for 10 clones and 3 lines, indicated as HBe/c-specific (far-right column).

HBV-specific T cells in chronic hepatitis B is limited, because luggia, Italy, for providing HBV nucleocapsid and envelope
antigens; and EuroCetus Italia S.R.L., Milano, Italy, for thefew patients and clones have been studied so far.37,38 These

reports suggest that Th1 cells are enriched within the virus- kind gift of recombinant IL-2.
specific fraction of the liver infiltrates. Moreover, serological
studies are consistent with the possibility that patients with REFERENCES
chronic active hepatitis B express Th1-like or combined Th1/
Th2-like responses.39 The latter interpretation is in agree- 1. Penna A, Chisari FV, Bertoletti A, Missale G, Fowler P, Giuberti T, Fiacca-

dori F, et al. Cytotoxic T lymphocytes recognize an HLA-A2–restrictedment with a recent analysis of the cytokine pattern of the
epitope within the hepatitis B virus nucleocapsid antigen. J Exp Med 1991;predominant virus nonspecific T-cell population in the liver
174:1565-1570.

infiltrates, which indicates that Th0 cells, able to secrete both 2. Nayersina R, Fowler P, Guilhot S, Missale G, Cerny A, Schlicht H-J,
Th1 and Th2 cytokines, are prevalent within HBV chronically Vitiello A, et al. HLA-A2 restricted cytotoxic T lymphocyte responses to

multiple hepatitis B surface antigen epitopes during hepatitis B virusinfected livers.40 Therefore, production of Th1 cytokines in
infection. J Immunol 1993;150:4659-4671.chronic active hepatitis B may contribute to maintain chronic

3. Rehermann B, Person J, Redeker A, Fowler P, Brown M, Sette A, Moss
liver damage through delayed-type hypersensitivity reac- B, et al. The cytotoxic T lymphocyte response to multiple hepatitis B virus
tions. However, the overall Th1 effect might be insufficient polymerase epitopes during and after acute viral hepatitis. J Exp Med

1995;181:1047-1058.to cause complete resolution of infection if the liver environ-
4. Ferrari C, Bertoletti A, Penna A, Cavalli A, Valli A, Missale G, Pilli M, etment in chronic hepatitis B is critically influenced by the

al. Identification of immunodominant T cell epitopes of the hepatitis B
concomitant effects of Th2 cytokines that might counteract virus nucleocapsid antigen. J Clin Invest 1991;88:214-222.
the antiviral protective function of Th1 cells. This is consis- 5. Jung MC, Diepolder HM, Spengler U, Wierenga EA, Zachoval R, Hoffmann

R, Eichenlaub D, et al. Activation of a heterogeneous hepatitis B (HB) coretent with data in murine herpes simplex virus–mediated
and e antigen specific CD4/ T cell population during seroconversion tostromal keratitis in which Th2 cells exert a pathogenic ef-
anti-HBe and anti-HBs in hepatitis B virus infection. J Virol 1995;69:

fect.41
3358-3368.

In contrast to the extremely low frequency of circulating 6. Ferrari C, Penna A, Bertoletti A, Valli A, Degli Antoni A, Giuberti T,
Cavalli A, et al. Cellular immune response to hepatitis B virus (HBV)HBV-specific T cells in chronic hepatitis B, HBV nucleocapsid
encoded antigens in acute and chronic HBV infection. J Immunol 1990;antigen–responsive T cells are still present at high frequency
145:3442-3449.

in the peripheral blood even decades after complete recovery 7. Jung MC, Spengler U, Schraut W, Hoffmann R, Zachoval R, Eisenburg J,
from acute hepatitis B.36 However, their cytokine pattern Eichenlaub D, et al. Hepatitis B virus antigen specific T cell activation in

patients with acute and chronic hepatitis B. J Hepatol 1991;13:310-317.seems to differ from that observed in the acute stage of infec-
8. Chisari FV, Ferrari C. Hepatitis B virus immunopathogenesis. Annu Revtion, because it is dominated by Th0 cells, able to produce

Immunol 1995;13:29-60.
not only IFN-g but also IL-4 and IL-5. This shift toward a 9. Paul WE, Seder RA. Lymphocyte responses and cytokines. Cell 1994;76:
mixed pattern of Th1 and Th2 cytokine secretion may repre- 241-251.

10. Sher A, Coffman RL. Regulation of immunity to parasites by T cells andsent a mechanism that evolved to attenuate some effects of
T-cell derived cytokines. Annu Rev Immunol 1992;10:385-409.Th1-type cytokines (which may become redundant and even

11. Yamamura M, Uyemura K, Deans RJ, Weinberg K, Rea TH, Bloom BR,
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