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Processing and presentation by T cells appear to be limited to antigens that can directly interact with the
T-cell surface, thereby overcoming the T-cell inefficiency in antigen capture and internalization. Our study
provides evidence that the hepatitis B virus (HBV) envelope proteins can also be efficiently processed and
presented by CD4+ and CD8+ T cells to other T cells in a human leukocyte antigen class II-restricted fashion.
This phenomenon suggests a receptor-mediated interaction between T cells and the HBV envelope and defines
a system that can, we hope, be exploited for the identification of the receptor binding site within the HBV
envelope and for the characterization of the putative cellular HBV receptor.

The hepatitis B virus (HBV) is a hepatotropic virus which
can also infect extrahepatic cells, such as lymphocytes (for a
review, see reference 7). The mechanism of viral entry into
the target cells is not known, although the interaction
between amino acid sequences within the pre-Sl antigen of
the HBV envelope and a still-unidentified cellular receptor
on liver cells seems to be required for hepatocyte infection
(12-14).
We reasoned that if a similar receptor-mediated mecha-

nism is implicated in the interaction of the virus with T
lymphocytes, then noninfectious HBV envelope particles,
which are present in the blood at high concentrations during
specific stages of HBV infection, should also be internalized
by T cells.

It is believed that T cells can process exogenous antigens
only when the antigen can interact with specific surface
molecules, thereby gaining access to the intracellular endo-
somal processing compartment. This has recently been
reported for the human immunodeficiency virus gpl20 (10,
17), which can be presented by CD4+ T cells to human
leukocyte antigen (HLA) class II-restricted, gpl20-specific
T-cell clones (the CD4 molecule being its natural receptor
[10]), and for the mouse K light chain, which can be pre-
sented by CD4+ and CD8+ T cells to HLA class II-re-
stricted, mouse K light chain-specific T-cell clones, provided
that the K light chain is specifically targeted to T-cell surface
molecules (10).

If such a specific interaction also takes place between
T-cell surface structures and HBV envelope particles, T
cells prepulsed with exogenous HBV envelope antigen
should be able to internalize, process, and present it to HBV
envelope-specific T cells in an HLA-restricted fashion with-
out the need of "professional" antigen-presenting cells
(APC), such as macrophages, dendritic cells, and B cells.
This phenomenon could have important immunopathological
consequences during HBV infection and could be exploited
in vitro to define the features of the T-cell-virus interaction
and to investigate the nature of the putative HBV receptor.
A preliminary indication that T cells can likely process and

present native HBV envelope antigens was provided by
HLA restriction experiments with HLA-matched or HLA-
mismatched APC, designed to define the HLA molecule
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involved in antigen recognition by CD4+ HLA class II-
restricted pre-Sl-specific T-cell clones previously produced
in our laboratory (2).
The HBV envelope is composed of three different poly-

peptides with a common carboxy terminus encoded by a

long open reading frame containing three in-phase transla-
tion start codons. The shortest polypeptide (S/p25), desig-
nated "major" because of its relative abundance in the viral
particles, consists of 226 amino acids and expresses S
reactivity. The middle envelope polypeptide (S+pre-S2)
translated from the second in-phase initiation codon contains
the entire amino acid sequence of the major envelope
polypeptide with an additional 55 N-terminal residues ex-

pressing pre-S2 reactivity. The large envelope polypeptide
(S+pre-S2+pre-S1) consists of the amino acid sequence of
the middle envelope protein plus an additional 108 to 119
N-terminal amino acids (depending on subtype) containing
the pre-Sl antigen (5).
When allogeneic peripheral blood lymphomononuclear

cells (PBMC) as APC and large envelope proteins were

incubated with CD4+ T-cell clones for the entire period of
culture, T-cell activation occurred irrespective of the HLA
haplotype of the APC. In contrast, T-cell activation was

selectively induced by HLA DQ1-positive APC when these
cells were preincubated with HBV envelope antigens and
then washed before coculture with the responder T-cell
clones (data not shown). These results suggested that a

direct interaction between T cells and HBV envelope anti-
gens (without the need of conventional APC) could be
sufficient to induce T-cell proliferation.

In order to investigate directly whether T cells can actu-
ally present HBV envelope antigens to other HBV envelope-
specific T cells, we used CD4+ HLA class II-restricted
S- and pre-Sl-specific T-cell clones both as APC and as

responder cells in a conventional antigen-stimulated T-cell
proliferation assay. CD4+ T-cell clones as APC were prein-
cubated with recombinant S+pre-S2+pre-S1 (rS+pre-
S2+pre-S1) (6) and then washed and irradiated before coc-

ulture with effector T cells derived from the same clones. As
shown in Fig. 1A, T cells were activated not only by anti-
gen presented by Epstein-Barr virus-transformed B cells
(EBV-B cells) but also by antigen presented by antigen-
prepulsed T cells. The T-cell antigen-presenting function
was expressed irrespective of the antigen specificity of the
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FIG. 1. Antigen presentation by autologous T cells, adherent non-T cells, and EBV-B cells. Irradiated or mitomycin C-treated APC (CD4'
HLA class II-restricted HBV envelope-specific T cells from clones E4, E10, and E16 [A]; PHA-induced T-cell blasts [B through D]; EBV-B
cells [A through D]; and adherent non-T cells [D]) were incubated for 5 h with the indicated concentrations of recombinant, yeast-derived
S+pre-S2+pre-S1 and then washed and cocultured in round-bottomed well plates (1 x 105 T cells per well or 2 x 104 EBV-B cells or adherent
non-T cells per well) with responder CD4+ HBV envelope-specific T-cell clones (5 x 104 per well). [3H]thymidine incorporation was evaluated
after 3 days of culture.

presenting T cells, since phytohemagglutinin (PHA)-stimu-
lated T-cell blasts were equally effective (Fig. 1B through D).
To avoid the possibility that contaminative non-T cells still

present in culture after the previous T-cell stimulation were
responsible for antigen presentation, T cells were always
restimulated with PHA in the presence of allogeneic irradi-
ated PBMC which were totally HLA mismatched with the
responder T-cell clones.
The same stimulatory effect was observed when antigen-

presenting T cells were incubated with antigen preparations
enriched either in HBV DNA-defective 22-nm envelope
particles (human [h]S +pre-S2+pre-S1) (3) or in HBV virions
(Dane particles, kindly provided by M. A. Petit) (13), both
containing pre-Sl, and purified from sera of chronic HBV
carriers (Fig. 2A and 3). These results indicated that T-cell
activation was not an artifact related to the specific nature of
the recombinant HBV envelope antigen preparation used in
the initial experiments.

In addition, CD4+ S-specific T-cell clones could not be
stimulated by major envelope proteins of three different
origins expressing only S reactivity (plasma purified [11] or
produced in yeast [4] or in Chinese hamster ovary [CHO]
cells) when T cells were used as APC, even though the same
antigen preparations were clearly stimulatory when pre-
sented to the same T-cell clones by EBV-B cells (Fig. 3).

This finding shows that these antigen preparations cannot be
appropriately presented by T cells even though they are
immunogenic at the T-cell level, as shown by EBV-B-cell
presentation. In contrast, T-cell presentation of large enve-
lope proteins, which also contain pre-S antigens, was highly
efficient (Fig. 3), suggesting that critical residues needed for
antigen interaction with T cells are likely contained within
the pre-S region of the HBV envelope. In addition, the
capacity of T cells to present large but not major envelope
proteins to S-specific T-cell clones further confirms that
antigen presentation by T cells is not an artifact related to the
presence of contaminative autologous non-T cells.
That T-cell activation by HBV large envelope proteins

requires intracellular processing was demonstrated by block-
ing antigen presentation by glutaraldehyde fixation or chlo-
roquine treatment of the antigen-presenting T cells. As
shown in Fig. 4, antigen presentation was inhibited by
fixation of the APC before but not after incubation with
antigen. In contrast, no inhibition of the presentation of a
specific peptide was observed. In agreement with these
results, chloroquine treatment (200 ,uM) of the antigen-
presenting T cells showed an inhibitory effect on the presen-
tation of the whole HBV envelope proteins but not of a short
synthetic envelope peptide (data not shown).
Antigen presentation by T cells is an HLA-restricted
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phenomenon, since only allogeneic, activated T cells ex-
pressing the relevant HLA restriction molecule needed for
antigen recognition by T cells can function as APC. This is
shown by the observation that DQ1-positive but not DQ1-
negative T-cell blasts can present the pre-Sl antigen to
DQ1-restricted, pre-Sl-specific T-cell clones and lines (Fig.
5).

Interestingly, both CD4+ and CD8+ T-cell blasts were
able to present HBV envelope antigens to T-cell clones with
equal efficiency (Fig. 2B). In contrast, only CD4+ T cells can
process and present the human immunodeficiency virus
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FIG. 2. (A) Presentation of rS+pre-S2+pre-S1 and hS+pre-
S2+pre-S1 by PHA-induced T-cell blasts to a responder CD4+
pre-Sl-specific T-cell clone. Experimental conditions were as de-
scribed in the legend to Fig. 1. (B) Presentation of rS+pre-
S2+pre-S1 by CD4+ and CD8+ T cells to a representative CD4+
pre-Sl-specific T-cell clone. Nonadherent, E-rosetting T cells were
separated into CD8+ and CD4+ T cells by panning with anti-CD4 or
anti-CD8 monoclonal antibodies (18). Positively selected T-cell
subsets (more than 95% pure) were stimulated with PHA in the
presence of irradiated (5,000 rads) allogeneic PBMC (HLA class II
mismatched with the HBV envelope-specific T-cell clones). After at
least two complete rounds of PHA stimulation, CD8+ T cells (4% of
contaminative CD4+ T cells as determined by fluorescence-acti-
vated cell sorter [FACS] analysis) and CD4+ T cells (1% of
contaminative CD8+ T cells) were used as APC (105 per well) for
HBV envelope T-cell clones (5 x 104 per well). Results obtained
with representative CD4+ T-cell clones are shown. For culture
conditions, see the legend to Fig. 1. The possibility that presentation
by the CD8+ T-cell line was due to contaminative CD4+ T cells was
further ruled out by the absence of T-cell activation when a number
of CD4+ T-cell blasts equivalent to that present among the CD8+
T-cell population (less than 5%, on the basis of FACS analysis; 5 x
104 per well) was used as APC (data not shown).

gpl20 antigen, since the CD4 molecule represents the spe-
cific cellular receptor for gpl20. This suggests that a receptor
for HBV envelope antigens could be expressed on both
CD4+ and CD8+ T cells.
The antigen-presenting capacity of the T cells was less

efficient than the capacities expressed by EBV-B cells and
adherent non-T cells, since antigen concentrations required
for T-cell activation by antigen-presenting T cells were
usually approximately 100 times higher than those required
by B cells and macrophages (Fig. 1).
From all the experiments described above, we conclude

that T cells can process and present the HBV envelope
antigens.

This phenomenon could have several biological implica-
tions. Since all activated T cells are potentially able to
express this processing function irrespective of their antigen
specificities and phenotypes, one could hypothesize that this
mechanism is useful in amplifying the T-cell response to
HBV envelope antigens, especially in stages of HBV infec-
tion when envelope particles are abundantly present in the
blood.
On the other hand, the processing capacity could make T
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FIG. 3. Presentation of different HBV envelope antigen preparations (recombinant and human plasma-purified S+pre-S2+pre-S1 and
recombinant yeast- or CHO-derived and human plasma-purified S antigen) by a CD4+ T-cell clone (left) and by EBV-B cells (right) to a CD4+
S-specific T-cell clone. Antigens were used at high concentrations (20 ,ug/ml). N.T., not tested.
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FIG. 4. T-cell presentation of HBV large envelope proteins is
abrogated by glutaraldehyde fixation. PHA-induced T-cell blasts
were fixed by incubation in 0.05% glutaraldehyde (Serva, Heidel-
berg, Germany) for 30 s, and the reaction was stopped by the
addition of 0.2 M glycine. T cells were fixed either before or after
incubation (5 h) with rS+pre-S2+pre-Sl or with the pre-Sl peptide
10-19, specifically recognized by the responder CD4+ pre-Sl-spe-
cific T-cell clone E10. After being washed, 105 fixed APC were

cultured with 5 x 104 T cells from the E10 clone.
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cells potential targets for the cytolytic activity of CD4+ HLA
class II-restricted HBV envelope-specific cytotoxic T cells.
Whether this phenomenon can actually lead to a down-
regulation of the immune response by a mechanism similar
to that described for gp120-specific T cells in human immu-
nodeficiency virus infection (17) remains to be determined,
since the relevance in vivo of the HLA class II-restricted
cytotoxic activity is still a debated issue (1, 9, 15, 16). With
regard to this, the evidence that highly viremic patients with
chronic HBV infection (HBVe antigen positive) are not
strongly immunosuppressed, despite the high circulating
levels of HBV envelope particles (which could target T cells
for destruction by envelope-specific cytotoxic T cells), ap-
parently supports the view that this HLA class II-restricted
cytolytic activity is not actually expressed in vivo, even
though it is frequently observed in vitro after expansion in
the presence of exogenous interleukins.

Alternatively, the lack of strong immunosuppression in
these patients could also be explained by the low efficiency
of the T-cell antigen-presenting function, which in our sys-
tem is at least 2 orders of magnitude lower than that of
conventional APC.

This low efficiency may be related to the density of the
putative surface receptor on T cells, the nature of the
receptor itself, and the affinity of the receptor-ligand inter-
action. For instance, the efficiency of antigen presentation
by B cells varies in relation to the surface molecule which
serves as a receptor for antigen, being maximal when en-
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FIG. 5. HLA restriction of antigen presentation by T cells. Autologous and allogeneic mitomycin C-treated EBV-B cells (A and C) or

irradiated (3,000 rads) PHA-stimulated T-cell lines (B and D) were cultured overnight with rS+pre-S2+pre-S1 or with medium alone. After
incubation, the APC were washed and added to 5 x 104 effector cells from a DQ1-restricted, pre-Sl-specific polyclonal T-cell line (A and B)
and from a DQ1-restricted pre-Sl-specific T-cell clone (C and D). All polyclonal T-cell lines were kept in culture for at least two rounds of
PHA restimulation in the presence of allogeneic irradiated PBMC previously shown to be unable to present antigen to the envelope-specific
T-cell lines and clones before being used in the restriction experiments. [3H]thymidine incorporation was measured after 3 days of culture.
The pre-Sl-specific T-cell line was derived from a subject which was HLA DR1,3,w52, DQw1,w2 positive (DP typing was not available). The
pre-Sl-specific T-cell clone was produced from a subject which was HLA DR1,2, DQw1, DPw2,w4 positive. The HLA molecules shared by
the allogeneic APC with the T-cell donors are indicated. M, rS+pre-S2+pre-S1; _, medium.
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docytosis is mediated by surface immunoglobulins but lower
when it is mediated by HLA class II and the transferrin
receptor and minimal when it is mediated by HLA class 1 (8).

Finally, the use of different HBV envelope antigen prep-
arations containing different proportions of the various en-
velope region-encoded polypeptides to activate T cells in
this system should allow the identification of the amino acid
sequences relevant to HBV interaction with T cells. More-
over, this system could also be exploited to elucidate the
nature of the putative cellular receptor trying to block the
T-cell-antigen interaction with monoclonal antibodies recog-
nizing specific molecules expressed on the T-cell surface.
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