Vaccine 17 (1999) 1035±1041

Enhanced immunogenicity of hepatitis B surface antigen by
insertion of a helper T cell epitope from tetanus toxoid
Murty V. Chengalvala *, Ramesh A. Bhat, Bheem M. Bhat, Steven K. Vernon,
Michael D. Lubeck
Discovery Research, Wyeth Ayerst Research, P.O. Box 8299, Philadelphia, PA 19101, USA
Received 26 September 1997; received in revised form 12 August 1998; accepted 12 August 1998

Abstract
The currently marketed hepatitis B vaccines in the U.S. are based on the recombinant major hepatitis B surface antigen
(HBsAg) of hepatitis B virus. Although a large majority of individuals develop protective immunity to HBV-induced disease
after three immunizations, routinely a small but a signi®cant percentage of the human population does not respond well to these
vaccines. In this report, we describe the generation of a novel HBsAg molecule containing a Th epitope derived from tetanus
toxoid (TT). Using recombinant DNA technology, the TT Th epitope (TTe) was inserted into the HBsAg coding sequence.
Using a recombinant adenovirus expression system, HBsAg±TTe chimeric protein was produced in A549 cells and found to be
secreted into culture medium as 22 nm particles. The chimeric HBsAg particles were readily puri®ed by immunoanity
chromatography and their immunogenicity was evaluated relative to native HBsAg produced in an adenovirus expression
system. When evaluated in inbred and outbred strains of mice, HBsAg±TTe was shown to enhance several-fold the anti-HBs
response relative to native HBsAg. Further enhanced responses were observed in mice primed with TT. This highly
immunogenic form of HBsAg has promise as an improved HBsAg subunit vaccine. # 1999 Elsevier Science Ltd. All rights
reserved.
Keywords: T cell-B cell collaboration; Hepatitis B; Epitopic Suppression; Vaccination

1. Introduction
Hepatitis B virus (HBV) causes signi®cant health
problems worldwide and chronic carriers of this virus
often die from active hepatitis and liver cirrhosis. HBV
is involved in chronic hepatocellular carcinoma and is
one of the few cancers known to be caused by a
virus [1]. The envelope of HBV particles consists of
surface antigen protein of three dierent sizes: small
(S),
middle
(S + pre-S2)
and
large
(S + preS2 + preS1). Recombinant HBV subunit vaccines are available and these are made of HBsAg particles consisting of S antigen. HBsAg is a relatively
weak immunogen in humans that requires three
sequential injections to elicit long lasting humoral responses and, in general, anti-HBs antibody responses
that exceed 10 mIU are indicative of immunity to
* Corresponding author. Tel.: 610-341-2617; fax: 610-989-4832.
0264-410X/99/$19.00 # 1999 Elsevier Science Ltd. All rights reserved.
PII: S 0 2 6 4 - 4 1 0 X ( 9 8 ) 0 0 3 1 8 - 1

hepatitis B infection [2±4]. Furthermore, a small proportion (about 5±10%) of normal vaccine recipients
and about 40±50% of patients on maintenance hemodialysis with depressed immune responses do not
respond well to these vaccines [5, 6]. Other hypo- and
non-responders include alcoholics [7, 8], homosexual
men and HIV-infected individuals [9]. HBV envelope
proteins have been shown to contain three epitopes
that can induce protective antibodies. The major epitope, termed `a' epitope is discontinuous, involving
both quaternary and tertiary structure of the S protein
and both humans and mice show a dominant response
to this antigen [10] whereas the other two are continuous epitopes located in the N-terminal parts of the
preS2 and preS1 regions. Inclusion of preS sequences
in the HBsAg molecule helped to circumvent the nonresponsiveness to the S region in low responder mice
but failed to enhance immunogenicity of HBV vaccine
in humans [11].
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Some poorly immunogenic polypeptides have shown
enhanced immunogenicity upon coupling to carrier
molecules which contain strong Th epitopes.
Unfortunately, this approach has been shown to suer
from both a lack of proven carrier molecules suitable
for human use and from the phenomenon of speci®c
epitopic suppression [12]. Epitopic suppression occurs
when the priming of a host with carrier results in a
diminished anti-peptide response following subsequent
immunization with the peptide linked to carrier [12, 13].
Studies in the TT antigen system have suggested that
such suppression may be mediated by carrier-speci®c B
cells and suppressor T cells [14, 15]. Schutze et al. [12]
have further demonstrated that hapten-speci®c B cells
fail to collaborate eectively with carrier-speci®c T
cells, perhaps due to antigenic competition through
clonal dominance. For certain carrier proteins individual epitopes recognized by T suppressor cells, B cells
or Th cells may be physically distinct (non-overlapping) allowing researchers to identify peptides from
these carriers that exhibit Th but not suppressor
function [16±18]. For example, Etlinger et al. [19] have
identi®ed a TT peptide bearing a Th cell epitope
(amino acids 73±99) that is non-reactive with antisera
against TT, indicating a potential lack of B cell reactivity and a possible separation of the Th epitope from
B cell mediated suppressor activity. Furthermore, it
was also shown that linking this Th epitope to a B cell
epitope peptide from the major surface protein of
Plasmodium falciparum enhanced the antibody response to this peptide by several fold, demonstrating
that this TT Th epitope exhibits carrier function [19].
Importantly, priming with TT prior to immunization
with the fusion peptide did not stimulate cell-mediated
immune suppression to the P. falciparum surface
protein [19].
In this study we have examined the eect of introducing a T cell helper epitope of tetanus toxin into
HBsAg and have shown a signi®cant increase in the
immunogenicity of the chimeric protein compared to
native HBsAg in both inbred and outbred mice.
Moreover, priming of mice with TT further increased
subsequent booster responses to the chimeric protein.
2. Materials and methods
2.1. Expression of chimeric HBsAg
The Wyeth±Ayerst Ad7 vaccine strain (55142) was
engineered to express the chimeric HBsAg protein. A
recombinant virus, designated Ad7DE3H±TTe, was
generated by deleting 8 map units (mu) in the E3
region (between 80±88 mu) and by inserting a synthetic Ad7 tripartite leader followed by the coding
sequences of the major S HBsAg gene containing the

TTe sequence (corresponding to amino acids 73±99 of
TT) [20]. The expressed chimeric protein is under the
control of E3 promoter [21]. A recombinant Ad7
expressing native HBsAg without the TTe insert,
Ad7DE3H, was previously described [21, 22] and used
for preparation of HBsAg used in control animals.
2.2. Puri®cation of chimeric HBsAg
Con¯uent A549 cell (human lung carcinoma) monolayers were inoculated with Ad7DE3H or Ad7DE3H±
TTe, culture medium was collected at 72 h post-inoculation and concentrated by ultra®ltration. HBsAg was
puri®ed by immunoanity column chromatography
using a monoclonal antibody to HBsAg (A5c11,
Centocor, Malvern, PA) immobilized to CNBr activated
Sepharose
4B
(Pharmacia,
Sweden).
Concentrated medium from infected cultures was
passed over the anity column and, after washing o
unbound protein, the speci®cally retained protein was
eluted with 5 M potassium iodide. HBsAg content was
quantitated by a radioimmunoassay (AUSRIA kit,
Abbott Laboratories, Chicago, IL) after removing the
potassium iodide by dialysis.
2.3. Electron microscopic examination of HBsAg±TTe
particles
Electron microscopy was performed as described
earlier [23]. Brie¯y, an aliquot of immunoanity puri®ed HBsAg±TTe was applied to a carbon grid, rinsed
with sterile distilled water and stained with 1% (w/v)
sodium phosphotungstate, pH 7.0 for 10 s. The excess
¯uid was removed, the grid air dried and the sample
examined using a JEOL 100CX electron microscope at
50,000  magni®cation (60 kV). Negatives were printed
at a ®nal magni®cation of 125,000  .
2.4. Immunization
Eight to 12-week-old female inbred (BALB/c) or
outbred (CD1 and CF1) mice were obtained from
Charles River (Wilmington, MA). Native and chimeric
HBsAg were administered in alum by intraperitoneal
injection. Twenty-eight days later blood samples were
drawn and analyzed for anti-HBs antibody titers using
a radioimmunoassay [24] (AUSAB kit, Abbott
Laboratories, Chicago, IL). AUSAB assay was performed according to manufacturer's protocol and
samples with less than 2 mIU are considered negative
for anti-HBs antibodies [24]. Mice were primed with
TT by subcutaneous injection with 50 mg TT in alum
(Wyeth Labs, Inc., Marietta, PA) 28 days prior to the
initial administration of HBsAg preparations. Booster
injections were administered 110 days later.
Enhancement of anti-HBS responses was assessed by
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Fig. 1. Characterization of HBsAg carrying TT Th epitope. HBsAg and HBsAg±TTe produced in an adenovirus expression system were puri®ed
by immunoanity chromatography. (A) SDS±polyacrylamide gel electrophoretic pro®le of HBsAg (1) and HBsAg±TTe (2). (B) Electron micrographs of negatively stained HBsAg (1) and HBsAg±TTe (2) at magni®cation 125,000  .

Students t-test analysis of log10 transformed geometric
mean titers.
3. Results
3.1. Characterization of HBsAg±TTe chimeric protein
Inoculation of A549 cells with Ad7DE3H-TTe
resulted in the secretion of HBsAg±TTe into the culture medium. At 72 h post-infection, culture medium

was harvested and the chimeric protein then puri®ed
by immunoanity chromatography. Examination of
puri®ed preparations by electron microscopy indicated
that HBsAg±TTe assembled into 22 nm particles that
were morphologically similar to particles formed by
native HBsAg (Fig. 1). SDS±PAGE analysis of native
surface antigen gave two bands, consistent with previous reports of unglycosylated and glycosylated forms
of HBsAg [23]. As expected the chimeric protein also
showed two bands, each of which showed an increase
in molecular weight of about 3 kd due to the TTe
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Table 1
Immunogenicity of HBsAg±TTe in BALB/c mice
Immunogen
Experiment l:
HBsAg
HBsAg±TTe
HBsAg
HBsAg±TTe
Experiment 2:
HBsAg
HBsAg±TTe
HBsAg
HBsAg±TTe

Dose (ng)

Anti-HBs (mIU)
(GMT2S.E.)a

Enhancementb

100
100
12.5
12.5

34.7216.6
523.42229.2
1.420.2
19212.4

±

3.121.3
4302181
1.420.3
7.123.3

Ð
139c
Ð
5.1c

62.8
62.8
7.85
7.85

15.1c
Ð
13.6c

a

Geometric mean titer (GMT) of all the mice immunized at 28 days post-inoculation2 standard error.
Relative to response following immunization with HBsAg at same dose.
c
p < 0.003, comparison HBsAg vs HBsAg±TTe at same dose.
b

sequence and appeared to be properly glycosylated
(Fig. 1).

mice, while the response in CD1 mice was enhanced
60-fold relative to the response induced by native
HBsAg (Table 2).

3.2. Primary anti-HBs response in inbred and outbred
mice

3.3. Eect of priming with TT in mice

The immunogenicity of HBsAg±TTe was evaluated
in BALB/c mice (inbred) at doses ranging from 7.85 to
100 ng per mouse. Anti-HBs antibody responses were
measured at 28 days post-immunization (Table 1).
HBsAg±TTe consistently induced higher anti-HBs
titers than native HBsAg over all doses tested.
Increases in the geometric mean titer (GMT) of antiHBs responses in the HBsAg±TTe-immunized group
ranged from 5.1- to 137-fold. All mice immunized with
HBsAg±TTe showed signi®cant anti-HBs responses at
the 63 ng dose whereas at this dose only 6 out of 15
(40%) mice immunized with native HBsAg showed signi®cant antibody titers.
The immunogenicity of HBsAg±TTe was also evaluated in two outbred mouse strains, CD1 and CF1. In
both strains of mice, chimeric protein was signi®cantly
more immunogenic than the native protein in eliciting
anti-HBs responses after a single dose of 50 ng/mouse;
HBsAg±TTe elicited 13.5-fold enhancement in CF1

Priming with TT has been shown to induce epitopic
suppression in various systems where TT is used as a
carrier [12±15]. To establish whether priming with TT
might have a suppressive eect on subsequent immune
responses induced by chimeric HBsAg, BALB/c mice
were injected subcutaneously with TT and 28 days
later, HBsAg or HBsAg±TTe was administered intraperitoneally. The results presented in Table 3 clearly
show a lack of suppression mediated by TT priming.
At the two doses tested signi®cantly increased antiHBs responses (20±54-fold) are seen in the HBsAg±
TTe group.
In a follow-up experiment (Table 4), we examined
the eect of TT priming on booster responses to
HBsAg±TTe administered at low antigen dose (7.5 ng/
mouse). BALB/c mice were either initially primed with
TT or received no TT priming, whereupon the mice
received primary and booster immunizations with
either HBsAg or HBsAg±TTe on days 28 and 110, re-

Table 2
Immunogenicity of HBsAg-TTe in outbred mice
Strain

Immunogen

Dose (ng)

Anti-HBs (mIU)
(GMT2S.E.)a

Enhancementb

CD1
CD1
CF1
CF1

HBsAg
HBsAg±TTe
HBsAg
HBsAg±TTe

50
50
50
50

2.221.0
133247
1.020
13.527.8

Ð
60c
Ð
13.5c

a

GMT 28 days post-inoculation2standard error.
Relative to response following immunization with HBsAg at same dose.
c
p < 0.0025 comparison HBsAg vs HBsAg±TTe in same mouse strain.
b
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Table 3
Immunogenicity of HBsAg±TTe in mice after priming with tetanus toxin: lack of carrier-mediated suppression
Treatment (ng/mouse)
HBsAg
HBsAg±TTe
HBsAg
HBsAg±TTe

100
100
12.5
12.5

Anti-HBs response (mIU)
(GMT2S.E.)a

Enhancementb

18212
9732581
1.520.5
30214

Ð
54c
Ð
20c

a

GMT 28 days post-inoculation2standard error.
BALB/c mice were injected on day 0 with TT and on day 28 with HBsAg or HBsAg±TTe. Mice were sacri®ced 28 days after the last injection and serum anti-HBs titers analyzed.
c
p < 0.0001, comparison HBsAg vs HBsAg±TTe at same dose
b

spectively. Twenty-eight days after the last injection,
serum anti-HBs titers were measured. Although TT
priming did not have a signi®cant eect on the primary anti-HBs response, prior treatment with TT
resulted in an approximate 6.6-fold increase in booster
responses to HBsAg±TTe after the second immunization. The 6.6-fold enhancement in anti-HBs responses
is similar to the level of enhancement reported by
Etlinger et al. [19] following TT priming in the malarial TTe chimeric polypeptide system.
4. Discussion
The antibody response to HBsAg is the consequence
of a complex and highly regulated collaboration involving primarily Th and B lymphocytes. Following binding of HBsAg to B cell receptors (membrane
immunoglobulins), antigen is internalized and processed into peptides (epitopes) which are then presented to Th cells as complexes with MHC
molecules [25±27]. Th cells play an obligatory role in
antibody responses to most protein antigens, providing
signals that act on antigen-stimulated B lymphocytes,
resulting in their dierentiation and clonal expansion
into cells that actively secrete antibody [28, 29]. These
signals are mediated in part by soluble factors such as

IL-2, IL-4, IL-5, interferon gamma, etc [30, 31].
Accordingly, Th epitopes having the property of promiscuous interaction with a wide range of MHC
molecules [32, 33] would be advantageous in stimulating immune responses in the general population. The
suboptimal immunogenicity of the currently available
HBV vaccines has been attributed alternatively to the
presence of weak Th epitopes in the major HBsAg
molecule [25].
In the present study, a fusion gene of HBsAg containing the TTe sequence at amino acid position 50
was constructed and expressed using an adenovirus expression system. It was shown earlier [21] that a
foreign epitope inserted in the HBsAg sequence at
amino acid position 50 does not signi®cantly alter
either the overall conformation or stability of HBsAg
particles or binding interactions with anti-HBs antibodies. Secreted HBsAg±TTe particles were found to
have morphological characteristics similar to native
HBsAg. When tested in an inbred mouse strain
(BALB/c), HBsAg±TTe produced stronger antibody
responses than similarly prepared HBsAg lacking TTe.
The enhanced immunogenicity of HBsAg±TTe was
exhibited over a wide dose range. In addition, when
evaluated in CD1 and CF1 mice, both outbred strains
responded better to HBsAg±TTe than to HBsAg
(Table 2), indicating that the TTe epitope was recog-

Table 4
Immunogenicity of HBsAg±TTe in mice after priming with tetanus toxin
Treatment

Anti-HBs response (mIU)
(GMT2SE.)a

1

2

3

Primary

Secondary

Enhancement
after secondary
immunization

Ð
TT
Ð
TT

HBsAg
HBsAg
HBsAg±TTe
HBsAg±TTe

HBsAg
HBsAg
HBsAg±TTe
HBsAg±TTe

1.4 20.3
9.4 23.7
7.1 23.3
5.4 22.2

2.221.1
1.720.7
52228.8
3422244

Ð
0.78
Ð
6.6b

a

Geometric mean titer (GMT) 28 days post-inoculation2standard error.
p = 0.052, eect of TT priming on immunization with HBsAg±TTe.

b
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nized by the variety of MHC haplotypes present in
these outbred strains.
TT is known to contain suppressor epitopes and has
been shown in other systems to inhibit anti-hapten
antibody responses to TT-hapten in TT-primed
hosts [12, 19]. To determine whether TTe exhibits suppressor activity in our system, the eect of priming
mice with TT on primary and secondary responses to
HBsAg±TTe was studied. No detectable suppressor activity was observed and our results show that TT
priming enhanced the subsequent anti-HBs response
about 6.6-fold.
These results suggest that the use of TTe should be
considered to improve the immunogenicity of hepatitis
B vaccines in humans. Improved immunogenicity
might result in either a reduction of the amount of
antigen used in immunization, a reduction in the number of immunizations required for long term protection
or in elevated anti-HBs titers. This approach may have
further advantages by eliciting anti-HBs responses in
individuals that do not respond well to the current
HBsAg vaccines. Finally, because DPT immunization
is universal, enhanced anti-HBs responses might result
from the use of hepatitis B vaccine containing TTe.
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