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ABSTRACT Recently, additional polypeptide components
of the surface envelope of hepatitis B virus (HBV) have been
identified. The pre-S(1) and pre-S(2) regions of the HBV
genome encode NH2-terminal amino acid residues that together
with the S-gene product (25 kDa) comprise polypeptides of 33
kDa and 39 kDa. The possible immunopathologic significance
of these larger polypeptides and their relevance to vaccine
development prompted us to examine the murine immune
response to pre-S(2)-encoded determinants as compared to
S-encoded determinants on the same polypeptide. Previous
work showed that the pre-S(2) region elicits greater antibody
production in vivo than does the S region of hepatitis B surface
antigen. In this study, we examined immunogenicity of the
pre-S(2) region at the T-cell level, H-2- and non-H-2-linked
genetic influences on the pre-S(2) response, and the effect of the
immune response to one region on the immune response to the
other region. The results indicate that (i) the pre-S(2) region is
signiflcantly more immunogenic than the S region at the T-cell
level; (ii) pre-S(2)-region-specific T-cell activation is regulated
by H-2-linked genes and correlates with the H-2 restriction of
in vivo antibody production to the pre-S(2) region; (iii) the H-2
restriction of the T-cell response to the pre-S(2) region is
distinct from the H-2 restriction of the T-cell response to
S-region determinants; (iv) non-H-2-linked and non-Igh-linked
genes also influence the humoral immune response to the
pre-S(2) region; and (v) immunization of an S-region-
nonresponder, pre-S(2)-region T-cell-responder strain with
HBV envelope particles containing both the pre-S(2) and S
regions can circumvent nonresponsiveness to the S region
through pre-S(2)-specific T-cell helper function.

The hepatitis B surface antigen (HBsAg) is composed of a
major polypeptide, p25, and its glycosylated form, gp28 (1).
However, p25 begins at the third possible translational
initiation site of a larger open reading frame (ORF) and is
preceded in-phase by either 163 or 174 codons (subtype-
dependent) designated as the pre-S region (5). A hepatitis B
virus (HBV)-associated 33/36-kDa glycoprotein has been
identified (6), and it was suggested that the sequence of gp33
starts at the second translational initiation signal of the ORF,
which is 55 codons upstream ofthe third signal (7). It has been
shown that gp33 consists of the p25 sequence and an
NH2-terminal 55 amino acids encoded in this pre-S(2) region
(8, 9). In support of this, Neurath et al. (10) synthesized a
peptide encompassing the 26 NH2-terminal amino acids ofthe
pre-S(2) region and found that anti-peptide antibodies reacted
with gp33. Recently, the products encoded from the first
translational initiation site have been identified as p39/gp42,

consisting ofthe gp33 sequence and an NH2-terminal 108-119
amino acids encoded in the pre-S(l) region (11).
That the pre-S region is conserved in all the describedHBV

DNA sequences and throughout evolution (12) suggests a
functional role for this region. This interpretation is enhanced
by the observation that both the gp42 and gp33 polypeptides
appear to be preferentially expressed in viremic carriers as
opposed to carriers with minimal or no infectious virions in
the blood (8, 11). This suggests a correlation between viral
replication and synthesis of the higher molecular weight
polypeptides of HBsAg. For the above reasons, it has been
suggested that higher molecular weight polypeptides contain-
ing pre-S-encoded amino acids be included in future second-
generation HBsAg vaccines (10, 14).

Previous examination of quantitative and qualitative as-
pects of the murine humoral and cellular immune response to
HBsAg demonstrated the influence of at least two H-2-linked
immune-response (Ir) genes (15-17). HBsAg high-responder
(H-2d.q), and nonresponder (H-2fs) haplotypes have been
identified (15). The HBsAg used in those studies contained
the p25/gp28 polypeptides but lacked the pre-S- and S-
encoded higher molecular weight polypeptides and is desig-
nated here HBsAg/p25. The pre-S(2) region of HBsAg is
more immunogenic, in terms of antibody production in vivo,
than is the S region (2). Based on the quantity and kinetics of
in vivo anti-pre-S(2) antibody production in a series of
H-2-congeneic strains, responsiveness of the H-2 haplotypes
has been ranked in the following order: H-2b, H_2q, H_2d (high
responders); H-2s (intermediate); H-2k (ow); H-2f (nonre-
sponder) (2).

In this study we examined immunogenicity at the T-cell
level, H-2- and non-H-2-linked genetic influences on the
pre-S(2)-specific immune response, and possible overlapping
regulatory mechanisms. [i.e., would T-cell helper function
generated against the pre-S(2) region influence the anti-S
response]. For this purpose we utilized recombinant HBsAg
particles designated HBsAg/p34 (14). HBsAg/p34 particles
are composed of the S-encoded p25/gp28 polypeptides plus
the pre-S(2)- and S-encoded gp34 polypeptide. Groups ofIgh-
and H-2-congeneic murine strains were immunized with
HBsAg/p34 and in vivo antibody production and in vitro
T-cell interleukin 2 (IL-2) production induced by pre-S(2)-
and S-region determinants were examined.

MATERIALS AND METHODS
Mice. C57BL/10 (B10), B10.D2, B10.S, B10.BR, B10.M,

C3H, and C3H.Q strains were obtained from the breeding
colony at the Research Institute of Scripps Clinic. Female

Abbreviations: HBsAg, hepatitis B surface antigen; HBV, hepatitis
B virus; IL-2, interleukin 2; PLN, popliteal lymph node.
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mice 6-8 weeks old at the initiation of the experiments were
used in cell studies.

Antigen Preparations. A purified preparation of HBsAg/ay
was provided by R. Louie (Cutter Laboratories, Berkeley,
CA). This preparation was treated with pepsin during puri-
fication and is composed exclusively of the 25-kDa polypep-
tide and its glycosylated form and is designated herein as
HBsAg/p25. Recombinant HBsAg particles derived from
Chinese hamster ovary (CHO) cells transfected with a plas-
mid containing the S gene and the pre-S region of HBV (14)
were provided by P. Tiollais (Pasteur Institute, Paris). The
CHO-derived particles are composed of the S-encoded p25
(65%) plus the pre-S(2)- and S-encoded p34 (35%) (14) and are
designated herein as HBsAg/p34. A synthetic pre-S peptide
encompassing the NH2-terminal 26 residues of the pre-S(2)
region (10) was provided by A. R. Neurath (New York Blood
Center, New York).
Immunizations. For study of in vivo antibody production,

groups of five or six mice were immunized by i.p. injection
of 1.0 ug of HBsAg/p34 in 0.2 ml of complete Freund's
adjuvant (CFA). Since the relative amount of p34 in the
HBsAg/p34 was 35% and the pre-S(2) region accounts for
-25% (by weight) of p34, a 1-pg dose of HBsAg/p34 is
equivalent to 913 ng of S-region protein and 87 ng of
pre-S(2)-region protein. Mice were given a booster injection
of 0.5 ug of HBsAg/p34 in incomplete adjuvant. Mice were
bled from the retroorbitral plexus on days 10 and 24 after
primary immunization and 2 weeks following secondary
immunization. In vivo priming for the T-cell activation assay
was accomplished by injection of a total of either 16 ug of
HBsAg/p25 or 4 ,ug of HBsAg/p34 in CFA (80 gl) into both
hind footpads of recipient mice.
Measurement of in Vivo Anti-HBs Production. Pooled

murine sera were evaluated for anti-S-region antibody in an
indirect, HBsAg subtype-specific, immunoglobulin class-
specific RIA using solid-phase HBsAg/p25 (0.1 ,g per well)
and goat anti-mouse IgG and developed with an "-SI-labeled,
affinity-isolated swine anti-goat Ig as described (15). Anti-
pre-S(2)-region antibody was detected by an indirect RIA
using solid-phase, reduced and denatured HBsAg/p34 par-
ticles (0.1 jug per well) as described (2).

HBsAg-Specific T-Cell Activation. T-cell activation was
measured by antigen-induced IL-2 production. Groups offive
mice were primed with HBsAg/p25 (16 ,ug) or HBsAg/p34 (4
,ug) in the hind footpads, and draining popliteal lymph node
(PLN) cells were harvested and pooled 8 days after immu-
nization. Next, S x 105 viable PLN cells in 0.1 ml of Click's
medium (3) were placed in flat-bottom microtiter wells with
0.1 ml of medium containing HBsAg/p25 or HBsAg/p34 or
of medium alone. Cultures were incubated for 24 hr at 37°C
in a humidified 5% CO2 atmosphere, and supernatants were
collected. Cells of an IL-2-dependent cytotoxic T-lympho-
cyte line (CTL-L2) (4) were cultured in the supernatant to be
tested in flat-bottom microwells (104 cells per well) for 24 hr.
During the final 4 hr, the cultures were incubated with 1 ,uCi
(1 Ci = 37 GBq) of [methyl-3H]thymidine; the cells then were
harvested onto filter strips for determination of incorporated
3H. IL-2 production was expressed as IL-2-dependent
[3H]thymidine incorporation by CTL-L2 cells in supernatant
from HBsAg-treated cultures minus incorporation that oc-
curred in supernatant from control cultures not treated with
HBsAg. This assay is HBsAg-specific and correlates with
HBsAg-induced T-cell proliferation (17).

RESULTS
Immunization of an S-Region Nonresponder, Pre-S(2)-

Region Responder Strain with HBsAg/p34 Can Circumvent
Nonresponsiveness to the S Region. The HBsAg preparations
used in these studies were assayed for pre-S(2) antigen by
quantitative inhibition of an anti-pre-S(2)-specific antiserum

produced in mice as described (2). Based on concentrations
necessary to yield 50% inhibition, HBsAg/p34 inhibited
-28-fold more efficiently than an HBsAg preparation com-
posed primarily ofHBsAg/p25 but containing a trace amount
(PAGE analysis) of p34 (HBsAg/p25/p34). The HBsAg/p25
preparation was totally nonreactive. Inhibition by a synthetic
pre-S peptide (10) is included for comparison (Fig. 1).
The B1O.S strain is a total nonresponder to S-region

determinants even after secondary immunization with 4-20
Ag of HBsAg/p25 (16). However, the B1O.S strain produced
a primary and secondary IgG response to the pre-S(2) region
upon immunization with 1 ,ug of HBsAg/p34 (87 ng of
pre-S(2)-region protein) (2). Upon secondary immunization
with HBsAg/p34, this "S-region-nonresponder" strain pro-
duced an anti-S specific response in addition to the anti-pre-
S(2) response (Table 1). The anti-S antibody produced by the
B1O.S strain following HBsAg/p34 immunization is subtype-
specific (anti-HBs/y), whereas that produced by the B10,
B1O.D2, and B1O.BR strains contain both group- and sub-
type-specific anti-S (Table 1). Therefore, the B1O.S strain is
a pre-S(2)-region responder and an S-region nonresponder,
yet secondary immunization with HBsAg/p34 induces both
anti-S and anti-pre-S(2) antibody. This indicates that the
anti-pre-S(2) response can positively influence the anti-S
response in this strain.

Influence of Non-H-2-Linked Genes on the Humoral Anti-
pre-S(2) Response. To examine the influence of Igh-linked
genes on the humoral response to the pre-S(2) region,
BALB/c and Igh-congeneic CB.20 mice were compared. The
BALB/c strain demonstrated 4-fold greater anti-pre-S(2)
region responses at days 10 and 24 and a 2-fold greater anti-S
region response at day 24 following primary immunization
(Table 2). This illustrates the influence ofIgh-linked genes on
at least the primary pre-S(2)-specific response. Additionally,
when the B1O.S and SJL/J strains (both H-2s, Ighb) were
compared, the SJL/J strain demonstrated significantly great-
er responses specific for the pre-S(2) and S regions, indicating
the influence of non-H-2-, non-Igh-linked genes (Table 2).
Since both these strains are S-region nonresponders when
immunized with HBsAg/p25, the non-H-2- and non-Igh-
linked genetic influence most likely operates at the level of
the pre-S(2)-region response.
The T-Cell Response Elicited by the Pre-S(2) Region of

HBsAg Is Significantly Greater Than the T-Cell Response
Elicited by the S Region. Several factors relative to in vivo
antibody production to the pre-S(2) region of HBsAg sug-
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FIG. 1. Detection of pre-S(2) region determinants on HBsAg
particles. Various concentrations of HBsAg/p34, HBsAg/p25,
HBsAg/p25/p34 (a serum-derived HBsAg with a trace amount of
gp34) were preincubated overnight with a 1:500 dilution of mouse
(B10) pre-S(2)-specific antiserum. The antibody-antigen mixtures
were then added to solid-phase HBsAg/p34 (0.1 ,ug per well), and the
inhibition was determined. Inhibition by a synthetic pre-S(2) peptide
(26 NH2-terminal residues) (10) is included for comparison.
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Table 1. Specificity of anti-S-region antibody obtained after
immunization of S-region-responder and -"nonresponder"
strains with HBsAg/p34

Antibody titer

Anti-a (group) Anti-y (subtype)
Strain Primary Secondary Primary Secondary
B10 1:40 1:1280 1:160 1:5120
BMO.D2 1:20 1:1280 1:160 1:10,240
B1O.S 0 0 0 1:640
B1O.BR 0 1:20 0 1:640

Groups of five mice of the indicated strains were immunized with
1 ,ug of HBsAg/p34 and sera were analyzed for group-specific
(anti-a) and subtype-specific (anti-y) anti-S-region antibody (15) 24
days after primary immunization and 2 weeks after secondary
immunization.

gested the influence of pre-S(2)-specific T-cell help as op-
posed to T-cell help derived through recognition of S-region
determinants (i.e., pre-S(2) as hapten). First, in vivo anti-
pre-S(2) antibody production is H-2-linked in a manner
distinct from anti-S antibody production (2). Second, immu-
nization with HBsAg/p34 induces significant amounts of
anti-pre-S(2) antibody of the IgG class as early as 10 days
following i.p. immunization with 87 ng ofpre-S(2) protein (2).
Finally, HBsAg/p25-nonresponder status could be circum-
vented by immunization with HBsAg/p34 (Tables 1 and 2).
To directly examine T-cell recognition of the pre-S(2)

region of HBsAg, antigen-dependent IL-2 production by T
cells in HBsAg/p34- and HBsAg/p25-primed mice was
determined. C3H.Q mice were immunized with 16 ,tg of
HBsAg/p25 [amount required to elicit an optimal 8-day,
S-region-specific, T-cell proliferative response (13)], and
8-day PLN T cells were challenged with various concentra-
tions of HBsAg/p34 or HBsAg/p25 preparations. Immuni-
zation with HBsAg/p25 primed S-region-specific T cells,
which produced equivalent levels of IL-2 upon challenge in
vitro with the two HBsAg preparations (Fig. 2a). Since
HBsAg/p34 and HBsAg/p25 contained equivalent amounts
of S-region protein, it was expected that they would elicit
comparable T-cell responses in PLN T cells primed with
HBsAg/p25. In contrast, immunization of C3H.Q mice with
4 ,g of HBsAg/p34 (3.65 ,g S; 0.35 ug pre-S) induced
significantly greater pre-S(2)-specific IL-2 production, with a
left-shifted dose-response curve as compared to the S-
region-specific T-cell response (Fig. 2b). The minimal S-
region-specific T-cell response observed after HBsAg/p34
immunization can be attributed to a suboptimal S-region
priming dose (3.65 ,ug). Note that the pre-S(2)-region priming
dose (0.35 ,g) is 1/10th the S-region dose and 1/45th the
optimal S-region (HBsAg/p25) priming dose (16 ,g), yet
induced a significantly greater T-cell response than either
dose of the S-region antigen (Fig. 2 a and b). These data
indicate that the pre-S(2) region is more immunogenic than

the S region of HBsAg at the T-cell level in terms of the
effective priming dose, the magnitude of the T-cell response,
and the quantitative in vitro dose-response curve.
The Pre-S(2)-Speciflc T-Cell Response Is Regulated by

H-2-Linked Genes and Correlates with in Vivo Anti-pre-S(2)
Antibody Production. To assess both the influence of H-2-
linked genes on the pre-S(2)-specific T-cell response and the
relevance of this response to in vivo anti-pre-S(2) antibody
production, we examined the T-cell responses to HBsAg/p34
in a series of H-2-congeneic strains. The strains studied, in
order of magnitude of anti-pre-S(2) antibody production,
were B10 > B1O.D2 > B1O.S > B1O.BR. Similar to the C3H.Q
strain, the B10 strain demonstrated a pre-S(2)-specific T-cell
response, and significant production of IL-2 was observed at
an HBsAg/p34 concentration as low as 1.5 ng/ml (Fig. 3a).
The minimal S-region-specific (HBsAg/p25) T-cell response
in this strain indicates that the preponderance ofthe response
induced by HBsAg/p34 was pre-S(2)-specific. The BMO.D2
strain also produced a pre-S(2)-specific T-cell response, with
a minimal HBsAg/p34 dose of 7 ng/ml (4.7-fold difference
between B10 and BMO.D2) (Fig. 3b). The greater S-region-
specific response in this strain, as compared to the minimal
response ofthe B10 strain, is consistent with the HBsAg/p25-
responder status of these strains (BlO.D2 > B10) (17). The
S-region-nonresponder strain B1O.S also exhibited a pre-
S(2)-specific T-cell response after priming with HBsAg/p34
(Fig. 4a). However, the dose-response curve was right-
shifted relative to the B10 and BMO.D2 strains, with a minimal
HBsAg/p34 dose of30 ng/ml (20-fold difference between B 10
and B1O.S). HBsAg/p25 did not elicit a response in this
strain, which is consistent with its S-region-nonresponder
status. The B1O.S strain is nonresponsive at the T-cell level
even to an optimal 16-,ug dose of HBsAg/p25, therefore
anti-S-region antibody production after HBsAg/p34 immu-
nization in this strain most likely reflects functional pre-S(2)-
region-specific T-cell help for B-cell clones that recognize the
S region. This "cross-regional" T-cell help appears to be
limited to S-region subtype determinants, since group-spe-
cific anti-S-region antibody is not produced (Table 1).
The strain that exhibits the lowest response to pre-S(2) in

terms of antibody production is B1O.BR, which is also a low
responder in terms of T-cell IL-2 production (Fig. 4b). The
minimal HBsAg/p34 concentration to elicit a T-cell response
was 60 ng/ml (40-fold difference between B10 and BlO.BR),
and the pre-S(2) specificity was again demonstrated by the
absence of T-cell activation by the alternative HBsAg prep-
aration. The B1O.M strain, which does not produce anti-pre-
S(2) antibody in vivo, showed a minimal T-cell response,
requiring HBsAg/p34 at 500 ng/ml (333-fold difference be-
tween B10 and B1O.M) (Fig. 4c). A difference between
S-region and pre-S(2)-region T-cell responses is that strain
variation relative to the pre-S(2) region is characterized by
shifts in dose-response curves with minimal differences in
IL-2 production at maximal antigen concentrations. In con-
trast, S-region-specific T-cell proliferative responses among

Table 2. Influence of non-H-2-linked genes on the anti-pre-S(2) response

Anti-pre-S(2) titer Anti-S titer
Haplotype Primary Primary

Strain H-2 Igh* 10 days 24 days Secondary 10 days 24 days Secondary

BALB/c d a 1:160 1:5120 ND 0 1:640 ND
CB.20 d b 1:40 1:1280 ND 0 1:320 ND
SJL/Jt s b 1:80 1:2560 1:20,480 0 1:320 1:5120
BlO.St s b 0 1:160 1:2560 0 0 1:640
Groups of five mice of the indicated strains were immunized with 1 Arg of HBsAg/p34 and sera were assayed for pre-S(2)-

and S-region antibody 10 and 24 days after primary immunization and 2 weeks after secondary immunization. ND, not done.
*Igh- locus.
tS-region nonresponders when immunized with 1-20 ,ug of HBsAg/p25 (13).
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FIG. 2. T-cell IL-2 production induced by
HBsAg/p25 and HBsAg/p34 priming. C3H.Q mice
were immunized in the hind footpads with 16 Ag of
HBsAg/p25 (a) or44ig ofHBsAg/p34 (b). Eight days
after immunization, PLN cells were harvested and
incubated in culture with medium containing various
concentrations of HBsAg/p34 (o) or HBsAg/p25 (o)
or with medium alone for 24 hr. IL-2 production was
assessed by culturing the IL-2 dependent CTL-L2
cell line with supernatants derived from the above
cultures. CTL-L2 proliferation was determined by
incorporation of [3H]thymidine and expressed as cpm
adjusted for background (Acpm). Background was
[3H]thymidine incorporation of CTL-L2 cells cul-
tured in supernatant- derived from HBsAg-primed
PLN cells cultured with medium alone.

high to low responder strains differ in both respects (17). This
observation suggests possible qualitative differences in T-cell
recognition of the pre-S(2) as opposed to the S region. Based
on the in vitro T-cell antigen dose-response curves, the
hierarchy of pre-S(2)-specific T-cell responsiveness B10 >
B1O.D2 > B1O.S > B1O.BR correlates with in vivo apti-pre-
S(2) antibody production in these H-2-congeneic strains.
Note also that this order of pre-S(2)-specific T-cell respon-
siveness differs from that of S-region-specific T-cell respon-
siveness (B1O.D2 > B10 > B1O.BR > B1O.S) (17). These
results indicate that H-2-linked genes influence pre-S(2)-
specific T-cell activation as well as in vivo antibody produc-
tion in a manner distinct from the H-2-linked-gene influence
observed for the response to the S region.

DISCUSSION
Previous work showed that the pre-S(2) region is significantly
more immunogenic than the S region in terms of antibody
production in vivo (2). In the present study, we examined the
murine humoral and cellular responses to the pre-S(2) region
as compared to the S region in terms ofimmunogenicity at the
T-cell level, the influence of H-2- and non-H-2-linked genes,
and possible overlapping regulatory mechanisms. The results
demonstrate that (i) the pre-S(2) region of HBsAg is signif-
icantly more immunogenic than the S region in terms of in
vitro T-cell activation; (ii) pre-S(2)-region-specific T-cell
activation is regulated by H-2-linked genes and correlates
with the H-2 restriction of in vivo antibody production to the
pre-S(2) region; (iii) H-2 restriction of the T-cell response to
the pre-S(2) region is distinct from the H-2 restriction of the
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T-cell response to the S region; (iv) non-H-2-linked and
non-Igh-linked genes also influence the pre-S(2) response;
and (v) overlapping regulatory mechanisms exist at the helper
T-cell level since immunization ofan S-region-nonresponder,
pre-S(2)-region T-cell-responder strain with HBsAg/p34 can
circumvent nonresponsiveness to the S region.
The pre-S(2) region elicted a greater in vivo antibody

response as compared to the S region (2). This difference was
reflected by a lower effective immunization dose and a higher
quantity ofantibody production, and the onset ofthe pre-S(2)
response preceded the S-region-specific antibody response in
all strains tested. The predominance of anti-pre-S(2) IgG as
early as 10 days after primary immunization suggested
efficient helper T-cell influence. Investigation of T-cell acti-
vation specific for the pre-S(2) region has revealed differ-
ences between pre-S(2) and S immunogenicity. The effective
priming dose required to induce a pre-S(2)-specific T-cell
response was lower than that required to induce an S-region
response, the magnitudes ofpre-S(2)-specific responses were
greater, and the minimal antigen dose required to elicit IL-2
production by T cells in vitro was lower for the pre-S(2)
region than for the S region. These results suggest that the
enhanced humoral immunogenicity of the pre-S(2) region
may reflect very efficient T-cell activation by pre-S(2)-region
determinant(s).
The S region ofHBsAg is composed of226 residues and the

pre-S(2) region is composed ofan additional NH2-terminal 55
amino acids. This system allowed us to examine whether the
antibody response to the pre-S(2) region would appear
"hapten-like" and be regulated through T-cell recognition of

Vt

/FIG. 3. Comparison of S-region- and pre-S(2)-
region-specific T-cell IL-2 production in H-2-
congeneic strains. B10 (a) and MlOM2 (b) mice were
immunized with 4 ug of HBsAg/p34. Eight days

-HH later, PLN cells were harvested and cultured in
*s 1.0 medium containing HBsAg/p34 (e) or HBsAg/p25

(o) or in medium alone for 24 hr. IL-2 production was
determined as described for Fig. 2.
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c

FIG. 4. Comparison of S-
region-and pre-S(2)-region-specific
T-cell IL-2 production in H-2-
congeneic strains. B 10. S (a),
B10.BR (b), and B1O.M (c) mice

il were immunized and T-cell antigen
.125 .25 .5 1.0 (*, HBsAg/p34; o, HBsAg/

p25)-dependent IL-2 production
was determined as described for
Fig. 2.

S-region determinants or whether it would be regulated
independently. Further, would an immune response to one
region influence the immune response to the other (i.e.,
carrier effect)? Since Milich et al. (16) had mapped and
determined the influence of the H-2-linked Ir genes that
regulate the immune response to the S region, we were able
to examine these questions with regard to the pre-S(2) region.
It was shown that both in vivo antibody production and T-cell
activation specific for the pre-S(2) region are influenced by
H-2-linked genes. High- (H-2bAd.%), intermediate- (H-2-), low-
(H-2k), and nonresponder (H-2f) haplotypes were identified.
The H-2-linked variation in T-cell IL-2 production correlated
with in vivo antibody production. This hierarchy of response
status to the pre-S(2) region of HBsAg differs from that
observed for the S region (16). This indicates that distinct
H-2-linked genes can influence S- and pre-S(2)-specific im-
mune responses. However, since S- and pre-S(2)-region
determinants exist on the same polypeptide (p34), it is
conceivable that helper T cells specific for a determinant(s)
on one region may be capable of providing functional help to
B-cell clones recognizing a determinant(s) on the other
region. The responses of the B1O.S strain seem to confirm
this possibility. The B1O.S strain is nonresponsive to
HBsAg/p25 but, when immunized and boosted with HBs-
Ag/p34, produced an S-region antibody response as well as
a pre-S(2)-region response. This suggests that a pre-S(2)
determinant(s) is acting as a "carrier" for S-region "hapten"
in this strain. The nonresponder status of the B1O.S strain can
be bypassed by immunization with an erythrocyte-HBs-
Ag/p25 conjugate (13). The hypothesis that the pre-S(2)
region can act as carrier for S-region determinant(s) predicts
that the pre-S(2) region possesses determinant(s) capable of
activating T cells, which was shown to be the case. Whereas
immunization of the B1O.S strain with HBsAg/p25 does not
elicit a T-cell response (17), immunization with HBsAg/p34
induces significant pre-S(2)-specific T-cell activation. It ap-
pears that these pre-S(2)-specific T cells are capable of
helping B-cell clones that recognize S as well as pre-S(2)
determinants. In this regard it is interesting that the anti-S
antibody produced by S-region-nonresponder strains (B1O.S,
SJL/J) immunized with HBsAg/p34 was limited to subtype
specificity in contrast to strains responsive to both the S and
pre-S(2) regions (B10, B1O.D2, BlO.BR), which produced
both group- and subtype-specific anti-S-region antibody.
This indicates that the T-cell help for S-region-specific B-cell
clones, which appears to be mediated through T-cell recog-
nition of pre-S(2) determinants, is qualitatively or at least
quantitatively different from the T-cell help resulting from

recognition of S-region determinants at both the T- and the
B-cell level.

In addition to the influences of H-2-linked genes on the
immune response to the pre-S(2) region, the differences

observed between the BALB/c and CB.20 strains indicate
that Igh-linked genes also affect the quantitative response.
Further, the significantly superior anti-pre-S(2) response of
the SJL/J strain as compared to the B1O.S strain (H-2 and Igh
identical) indicates that non-H-2- and non-Igh-linked genes
can amplify the pre-S(2)-region humoral response. This is in
contrast to the anti-S-region response, since non-H-2-linked
genes were shown to have only a minimal effect on this
response (15).
The implications ofthese results relative to development of

alternative HBsAg vaccines are clear. The pre-S(2) region is
a superior immunogen as compared to the S region at both the
T-cell and the B-cell level. H-2-linked genes regulate the
T-cell responses to pre-S(2)- and S-region determinants
independently, and therefore the likelihood of genetic non-
responsiveness to the entire particle is decreased. Finally, the
pre-S(2) region appears capable of generating helper T-cell
activity that can induce S-region as well as pre-S(2)-region
antibody production, thereby circumventing S-region nonre-
sponsiveness. These characteristics argue that inclusion of
the pre-S(2) region may augment the effectiveness of future
HBV vaccines.
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