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IDENTIFICATION OF T CELL EPITOPES ON HEPATITIS B SURFACE ANTIGEN
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Summary. - The antigenic sites for human T lymphocy-
tes on hepatitis B surface antigen (IIBsAg) have been
studied using synthetic peptides. The results indicate that
aminoacid residues 24-28 of I{BsAg (located near the
amino terminus of the HBsAg molecule) constitute an
immunodominant “helper” determinant, whereas resi-
dues 17-18 andlor 34-36 represent a major “suppressor”
epitope. However, non responsiveness to currently used
hepatitis B virus (HBV) vaccines (employing the whole
HBsAg molecule) does not depend, in the vast majority of
cases, on suppressor T cells. In vivo experiments with
synthetic peptide vaccines are needed (o verify the possi-
bility of enhancing the production of protective antibodies
against the hepatitis B virus.
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Riassunto (Identificazione diepitopi T delle proteine di
superficie del virusdell’epatite). - La rispostaimmunitaria
anticorpale verso HBsAg (226 aminoacidi), proteina di
superficie del virus dell’ epatite B (HBV), é essenziale sia
per la clearance virale in corso di epatite acuta che per la
protezione dall' infezione. Poiché i linfociti T promuovono
e controllano la risposta anti-HBs, I'identificazione det
determinanti, nella molecola di HBsAg, riconosciuii dai
linfociti T, e T é di grande rilevanza al fine di influenzare
positivamente la risposta anticorpale. I risultati degli
esperimenti effettuati indicano che i residui aminoacidici
24-28 di HBsAg rappresentano un determinante immuno-
dominante “helper”, mentre i residui 17-18 e/o 34-36
costituiscono un importante epitopo “suppressor”. La
mancata risposta ai vaccini anti-epatite B attualmente in
uso (costituiti dall' intera molecola di [I1BsAg) non dipen-
de, pero, nella grande maggioranza dei casi, dall’ attivita
di cellule T suppressor. Soltanto esperimenti in vivo con
peptidi sintetici contenenti epitopi immunodominanti
“helper" potranno consentire di stabilire con certezza se
vaccini peptidici stimolano maggiormente la produzione
di anticorpi protettivi contro HBV rispetio agli attuali
vaccini e sono, quindi, candidati a sostituirli.
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Introduction

The hepatitis B virus (HBV) is a DNA virus, whose
main translation products are the nuclcoprotein “core”
antigen (HBcAg) and the “surface” antigen (HBsAg).

The envelope protein, HBsAg (226 amino acids), plays
an essential role in the induction of protective immune
responses against the virus; hence, subjects who recover
froman acute HBV infection and those responding proper-
ly to the HBsAg vaccine mount both cellular and humoral
immune responses to HBsAg [1, 2] whereas patients with
chronic HBV infection and non responders to the vaccine
do not show cellular [3] or humoral [4] immune reactions
to HBsAg.

Effector Tlymphocyte and antibody responses to HBsAg
depend on T, lymphocytes (5, 6] and the surface antigen
of HBV mustbe recognized by both B and TH cellsin order
to induce a protective antibody response.

Several epitopes in HBsAg appear to be recognized by
antibodics and the determinants called a, d, r and w allow
to differentiate among the strains of HBV [7, 8] The “a”
determinant is particularly important, as: a) it is present in
all known strains of HBV, b) some antibodies inhibit viral
infection [9] and ¢) the majority of the anti-HBs antibodies
produced by HBV vaccine recipients are directed to this
epitope [10].

In contrast, much less is known about the recognition
siles for human T lymphocytes in the HBsAg molecule.
Such studies are particularly complex, as, unlike antibo-
dies, T, cells do not bind the antigen directly but recognize
only antigens “presented” on the surface of an antigen
presenting cell in association with MHC class ITmolecules
[11] and macromolecules and viral particles must be
processed into simpler peptides by the antigen presenting
cell before the interaction with the MHC class Il molecule
can oceur,

Despite these difficulties, Milich et al. have extensively
studied the epitopes on HBsAg recognized by T eellsina
murine model. Initially [12] they showed that the response



of T cells to HBsAg varied according to the MHC haploty-
peof themouse strainstudicd. Furtherexperiments with the
use of synthetic peptides of HBsAg demonstrated the exi-
stence of specific recognition sites for murine T cells [13].

Pivotal experiments in humans have been performed
essentially by Celis et al. at the Wistar Institute, Philadel-
phia. Their studies of the cellular immune response Lo
HBsAg have led initially to the isolation of antigen-
specific T cell lines and clones from HBV vaccinees.
These cells were of the helper/inducer class of T lympho-
cytes as expressed the cell surface melecule CD4 and were
capable of inducing in vitro the synthesis of anti-HBs
antibodies by antigen-stimulated autologous B lymphocy-
tes [14].

Subsequently the same authors have analyzed the fine
specificity of those clones for the HBsAg molecule. In
order to do this effectively they have prepared synthetic
peptides bearing amino acid sequences of HBsAg and
have considered the two general models proposed inrecent
years to identify the amino acid sequences ol antigens
involved in T cell recognition.

As cverybody knows, while De Lisi and Berzofsky
have proposed that T lymphocytes react with a-helical,
amphipathic structures contained within the amino acid
sequences of the antigen proteins [15, 16], Rothbard,
McMichael and Townsend have identified a4- to 5-amino
acid sequence motif in a large number of T cell antigenic
determinants [17, 18]. This motif is composed of a glycine
or a charged amino acid residue in the first position,
followed by 2 or 3 hydrophobic residues, which are follo-
wed in turn by eithera glycine, apolarora charged residue
in the last position.

By using a computer program, De Lisi and Berzofsky
have also determined that amino acid residues 23-39 of the
HBsAg molecule have the highest amphipathic score of
the whole moleculeand are therefore most likely tocontain
a T cell determinant [16].

Celis et al. have prepared 10 synthetic peptides choo-
sing the aminoacid sequences from the nucleotide sequen-
ces of the S gene of HBV of cither the ayw [19] or adr [20]
subtypes. The peptides arc called S1 (amino acid positions
4-33),52(34-53), $3 (57-73), 54 (64-94), 55 (93-1 12), S6
(113-132),57(136-155),S8 (163-192),59(202-222),510
(212-222). The results of their studies indicate that a
significant number of human Tcells (isolated from various
hepatitis B vaccine recipients) which react with HBsAg
also recognize the synthetic peptide S1; experiments with
smaller and overlapping peptides of this region of HBsAg
suggest the existence of only one T cell determinant and
indicate that residues 26-28 are critical in determining the
T cell epitope [21].

Results

To confirm and extend the above observations, I'have
used only one of the S1 region smaller peptides prepared
by Celis et al. (S1b, residues 19-33 of the HBsAg molecu-

le, akind gift of E. Celis), as its residues have the highest
amphipathic score of the whole molecule [16] and it
comprises the 4-amino acid sequence motif (Arg-lle-Leu-
Thr, residues 24-27) proposed by Rothbard et al. Thus this
peptide appears to have all the requisites for T cell recogni-
tion.

Since the amino acid residues bordering the Arg-lle-
Leu-Thr sequence also appear to play asi gnificant role in
defining the reactivity of the T cells [21], I have also
employed a second peptide named “T-cell R”(kindly do-
nated by B. Ramage, Department of Organic Chemistry,
University of Edinburgh, United Kingdom), containing
residues 17-36 of the HBsAg molecule and thus compri-
sing the S1b peptde.

To determine whether not only cloned T cells from
HBV vaccinerecipients butalsouncloned peripheral blood
helper/inducer CD4-positive lymphocytes from both HBV
vaccinces and subjects recently recovered from acute
HBYV infection, recognize S 1band/or “T-cell R” peptides,
I have employed the above peptides (ata concentration of
100 pg/ml) and recombinant HBsAg (kindly donated by
BIOGENS.A., Geneva, Switzerland, ata concentration of
10 ug/ml) in an indirect T lymphocyte ingression migra-
tion inhibitory factor (T-LIF) assay (1, 3, 22].

The results [23] have confirmed that helper inducer T
cells reactive to HBsAg are present in the circulation in
subjects recovered from acute hepatitis B and in “respon-
der” vaccinees (vaccine: HEVAC 8, Pasteur Institute,
Paris), whereas chronic carriers and “non responder”
vaccinees levels (i.c., producing low of anu-HBs antibo-
dies) do not show a CD4-positive T lymphocyte response
to HBsAg.

The S1b peptide does appear o be a major epitope
recognized by CD4-positive T lymphocytes; hence, hel-
per/inducer T cell reactivity 10 S1b has been detected in
80% “responder” vaccinees, in 70% of subjects recovered
fromacute HBV infection and even in40% of patients with
chronic HBV infection. These latter results suggest that
CD4-positive T lymphocytes reactive to S1b do not appa-
rently react to the entirc HBSAG molecule in vitro either:
a) because S1b binds more eff iciently than HBsAg to the
surface of the antigen presenting cells of patients with
chronic HBV infection; or b) because peptide Sib does not
require antigen processing and binds directly to the HLA
class 1T molecules of their antigen-presenting cells; or c)
because HBsAg contains additional epitopes activating
TS lymphocytes. Surprisingly, T cells reactive to the “T-
cell R” peptide can not be detected in any subjects (inclu-
ding those with T cells reactive to Sib), suggesting interfe-
rence of residues 17, 18, 34,35, 36 with T cell reactivity
and/or activation of T cells recognizing some of these
residues.

In previous papers, others and myself have shown that
CD8-positive T lymphocytes from patients with chronic
HBV infection can specifically suppress the in vitro re-
sponse to HBsAg of CD4-positive T cells of subjects
recovered from acute hepatiis B [1, 3]. Thus 1 have
performed two series of experiments 1o evaluate antigen-
specific T cell activity in patients with chronic HBV
infection and in “non responder” vaccinees.



Iirst, using HBsAg as antigen, all chronic HBV carriers
but only 20% “non responder” vaccinees have shown
circulating CD8-positive T lymphocytes capable of speci-
lically suppressing the response to the entire molecule of
CD4-positive T cells of subjects recovered from acute
hepatitis B [23]. Second, employing both S1b and “T-cell
R™ peptides in the same cultures, 70% of patients with
chronic HBV infection and 20% “non responder” vacci-
nces have been found to have CD8-positive T cells capable
ol suppressing in vitro reactivity of CD4-positive T lym-
phocytes to the S1b peptide, suggesting that residues 17-
18 and/or 34-36 can indeed activate CD8-positive T
lymphocytes [23].

Taken together, the above results, although prelimina-
ry, strongly suggest that HBsAg contains both “helper”
and “suppressor” epitopes: residues 19-33 (most likely 24-
28) appear to represert an immunodominant “helper”
dcterminant, whereas residues 17-18 and/ or 34-36 seem to
constitute a major *“suppressor” epitope.

Conclusions

The identification of immunodominant helper and
suppressor epitopes within HBsAg could open the way 1o
the development of a peptide vaccine containing only the
former and thus capable of: 1) promoting more sustained
anti-HBs production in the “responder” population; and 2)
increasing the number of “responders”.

This latter goal however can be reached only toalimited
cxtent, as the results obtained in the experiments summa-
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rized above clearly show that non responsiveness to the
HBV vaccine does not depend, in the vast majority of
cases, on T¢cells [23] and may rather be due to a defective
antigen presentation or to “holes” in the T, cell repertoire.

The enharicement of anti-HBs antibody responses in the
“responder” population through the use of peptide vacci-
nes is a fascinating possibility, but it appears difficult to
achieve. Peptide vaccines offer limited number of B cell
epitopes and thus need to stimulate powerful helper T cell
responses. Hence the peptides need to be selected carefully
to allow a range of different class IT molecules to present
them effectively. It has been reported that single peptides
derived from viral antigens can stimulate helper/inducer T
lymphocytes in the context of several MHC class II mole-
cules[24,25] and some data indicate that the CD4-positive
T cell response to the S1 epitope of HBsAg may indeed be
restricted by different MHC class I molecules in different
individuals [21].

Only in vivo experiments with synthetic peptides such
as S1or S1b will clarify however whether the existing and
highly effective HBsAg vaccines can be replaced by even
more effective peptide vaccines.
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