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Abstract

A previous study (Carman, W. F., A. R. Zanetti, P. Karayian-
nis, J. A. Waters, G. Manzillo, E. Tanzi, A. J. Zuckerman, and
H. C. Thomas. 1990. Lancet. 336:325-329) demonstrated a
variant hepatitis B surface antigen (HBsAg) in a vaccinated
child born to a hepatitis B virus-infected mother. A substitu-
tion of arginine for glycine at amino acid 145 in HBsAg was

observed. In this study the effect of this substitution on the
common"a" determinant of this protein, against which protec-
tive immunity is directed, is investigated. Using recombinant
HBsAg with and without the amino acid substitution, the bind-
ing of monoclonal antibodies that recognize different epitopes
of the "a" determinant, was shown to be destroyed by the pres-
ence of arginine at amino acid 145. In convalescent and vaccinee
sera, antibody binding to HBsAg was not inhibited by the vari-
ant HBsAg. Immunization with the variant HBsAg, although
eliciting a high titer antibody that recognized the variant, pro-

duced a low titer of antibody recognizing the native protein.
Studies in mice demonstrate that the immunogenicity of the
variant protein is also substantially altered.

The data presented here demonstrate that this variant
evades the known protective anti-HBs response and lends sup-

port to the suggestion that this mutation arose as the result of
immune pressure. (J. Clin. Invest. 1992. 90:2543-2547.) Key
words: monoclonal antibodies * variant antigen * antigenicity-
immunogenicity * immunoassay

Introduction

Antibodies to the common"a" determinant of hepatitis B sur-

face antigen (HBsAg)' confer protection against infection with
hepatitis B virus (HBV) of all subtypes (1-4). Using monoclo-
nal antibodies this determinant has been shown to be com-
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posed of a number of epitopes (5) and its tertiary structure has
been shown to be important for its antigenicity (6, 7).

An important region of this determinant lies between
amino acids 124 and 147. Replacement of the cysteines at
amino acids 124 and 147 with serines or replacement of the
proline at residue 142 of HBsAgby point mutation, destroys its
antigenicity, demonstrating that these amino acids are essential
for the display of full antigenicity of this region (8).

A variant of HBVhas been described in a child born to an
HBV-infected mother. The child became HBsAg positive de-
spite passive and active immunization at birth and the develop-
ment of high titer anti-HBs. HBV-DNAfrom the child was
sequenced in the region encoding amino acids 124-147 using
the polymerase chain reaction. A point mutation from guano-
sine to adenosine at nucleotide position 587 which would result
in an amino acid substitution from glycine to arginine at amino
acid 145 of HBsAg, was observed (9, 10). This variant was not
present in the mother.

Monoclonal antibodies that bind to epitopes within the
common"a" determinant of HBVhave been shown to bind to
two cyclical peptide analogues of this region, containing amino
acids 124-137 and 139-147, respectively (11) . One of the anti-
bodies (RFHBs 1), binding to peptide 124-137, has been
shown to prevent infection with HBV in a susceptible chim-
panzee (12). The HBsAg present in the serum of the child
infected with the variant was analyzed using three of these
monoclonal antibodies which bound respectively to the cycli-
cal peptide analogues of amino acids 124-137 and 139-147
(10). There was a reduction in the binding of monoclonal anti-
bodies of both specificities to the HBsAg present in the child's
serum, suggesting that the mutation had resulted in a change
affecting several epitopes in this region.

This study was undertaken to determine whether the
change from glycine to arginine at amino acid 145 of HBsAg
observed in the vaccinated child resulted in a loss of antigenic-
ity of the HBsAg thereby allowing the mutant HBVto evade
the humoral immune response.

Methods

Antigens. Strains of Saccharomyces cerevisiae expressing the wild-type
ay (31 A7), the wild-type ad( 31 Y6), or the mutant ay (31 MS) HBsAg
were prepared. The three expression cassettes contained the gene en-
coding the small surface antigen protein of the virus. In the mutant
construction (31 M5), a single site was modified to encode arginine
instead of glycine at amino acid position 145. In the two ay constructs,
the expression plasmid used the Arg3 promoter ( 13) whereas the ad
strain used the TDH3promoter ( 14).

The strains were grown to high density in synthetic medium in 20L
fermentors. To exclude possible alteration of the antigenic properties
by the purification procedures, the same extraction and purification
scheme was applied to each antigen. Briefly, after disruption of the cells
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Antibodies which bind to cyclical peptide 124-137

RFHBs 1 RFHBs2

Antibodies which bind to cyclical peptide 139-147

RFHBs7 RFHBs4

Antibodies which do not bind to either peptide

RFHBs6 RFHBs 18

Binding of monoclonal antibodies RFHBs I and 7 by variant anti-
gen in the liquid phase. A limiting concentration of monoclonal anti-
bodies RFHBs 1 and 7 were incubated with increasing concentrations
of 31A7 or 31M5 for 2 h at 370C. The samples were then incubated
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Figure 1. Binding of the anti-HBs in convalescent or vaccinee serum

to the variant antigen. Specificity of binding of anti-HBs in (a) vac-

cinees' sera and (b) in convalescent sera. HBsAg used for inhibition:
a, 31Y6; o, 31A7; *, 3IM5.

and elimination of cell debris by centrifugation, HBsAg was extracted

by adsorption to colloidal silica. Partially purified HBsAgwas eluted as

described by Van Wijnendaele and Simonet ( 15) using a buffer con-

taining polysorbate (Tween) 20, but devoid of urea. The product was

further purified by ultrafiltration, anion exchange chromatography,
isopycnic caesium chloride ultracentrifugation, and size exclusion chro-

matography to obtain a purified solution in isotonic saline. The purity
of the three antigen preparations was deemed superior to 95%by SDS-

polyacrylamide gel electrophoresis under reducing conditions. Gels of

the three preparations showed the typical 24-kD HBsAg major band

with additional bands corresponding to dimeric and oligomeric
forms ( 16).

Binding of anti-HBs in convalescent or vaccinee serum to the vari-
ant antigen. Limiting concentrations of pooled serum samples from

either patients who were convalescent after an HBVinfection or from

volunteers who had been vaccinated with "Engerix B" (SB Biologicals,
Rixensart, Belgium) were incubated with serial dilutions of the antigens
for 2 h at 370C. The samples were then incubated overnight at room

temperature with the HBsAg coated beads from the AUSABkit (Ab-
bott Laboratories, North Chicago, IL) and after washing, the residual

anti-HBs bound to them detected with radiolabeled HBsAg also from

the kit.
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Figure 2. Binding of monoclonal antibodies RFHBs I and 7 by vari-
ant antigen in the liquid phase. (a) Binding of RFHBs 1 to HBsAg.
(b) Binding of RFHBs 7 to HBsAg. Recombinant HBsAg: o, 31A7;
., 31M5; A, 31Y6.
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with beads from the AUSABkit (Abbott Laboratories) overnight at
room temperature. After washing the anti-HBs activity was detected
with radiolabeled HBsAg also from the kit.

The binding of a panel of monoclonal antibodies that recognize dif-
ferent HBsAgepitopes to the variant antigen on the solid phase. Polysty-
rene beads were coated with either 31 A7 or 31 M5 at an optimal con-
centration of 2 tg/ml and incubated with serial dilutions of purified
monoclonal antibodies in 50% newborn calf serum in PBS (50%
NBCS) for 18 h at room temperature. After washing the bound anti-
body was detected by incubating with rabbit anti-mouse immunoglob-
ulins labeled with horseradish peroxidase (Dakopatts, Copenhagen,
Denmark) for 2 h at 370C. The reaction was visualized using o-phenyl-
enediamine dihydrochloride.

Studies of the humoral response in mice after immunization with
31A 7, 31 Y6, or 3JM5. 10 Balb/c mice per group were injected intra-

a Binding of RFHBs1 b Bi

peritoneally with I Ag of protein of 31A7, 31M5, or 31Y6 adsorbed
onto aluminum hydroxide (20 ,4g protein/0.5 mgAl+../) at days 0
and 30. The animals were bled on day 30 and on day 45. All assays were
performed with pooled sera from each group. The AUSABtest was
performed to measure total anti-HBs titers. The titers were expressed in
milli-international units.

Specific antibody was measured by coating microtiter plates with
the recombinant antigens and incubating these with serial dilutions of
anti-HBs sera for 30 min at room temperature. After washing detection
of antibodies was made using biotinylated anti-mouse immunoglobu-
lin (RPN1021; Amersham International, Amersham, UK) for 30 min
at 20'C. This was detected with a streptavidin: biotinylated peroxidase
complex (Amersham International). Binding curves were drawn and
the titer that gave 50% of maximal binding was calculated for each
group of animals (50% antibody titers).
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Results

Binding of the anti-HBs in convalescent or vaccinees' serum to
the variant antigen. The binding of anti-HBs antibodies in both
convalescent sera and vaccinees sera to solid phase wild-type
HBsAg (AUSAB solid phase) were inhibited completely by the
ay and the ad HBsAg (3 1A7 and 3 1Y6) particles. No inhibi-
tion was observed by the variant particles (31 M5) in vaccinees'
sera and only slight inhibition in convalescent sera (Fig. 1).

Inhibition of binding of monoclonal antibodies RFHBs 1
and 7 by variant antigen in the liquid phase. The binding speci-
ficities of the monoclonal antibodies used are summarized in
Table I.

The binding of both RFHBs 1 and 7 was inhibited com-
pletely by the wild-type antigens 3 1 A7 and 3 1 Y6 but not at all
by the variant antigen 31 M5 (Fig. 2).

The binding of a panel of monoclonal antibodies that recog-
nize different HBsAgepitopes to the variant antigen on the solid
phase. The two monoclonal antibodies that recognize the pep-
tide 139-147 containing the amino acid 145, RFHBs7 and 4,
did not bind to the variant antigen. One of the antibodies,
RFHBs 1, which recognizes the cyclical peptide analogue 124-
137, also did not bind to the variant antigen. The other mono-
clonal antibody in this group, RFHBs2, did bind to the variant
virus but at a 10-fold higher concentration. The remaining two
antibodies that do not bind to either peptide, RFHBs 18 and 6,
did not bind to the variant antigen (Fig. 3).

Studies of the humoral response in mice after immuniza-
tion with 31A7, 31Y6, or 31M5. The anti-HBs response, as
measured in the AUSABassay, in Balb/c mice immunized
with the wild-type antigens 31A7 and 31Y6 was > 100-fold
greater than that raised by the variant antigen 31 M5 after the
second immunization (Table II).

The specific antibody titers measured using the recombi-
nant antigens are illustrated in Fig. 4 and Table III. Immuniza-
tion with ay subtype antigen 31 A7 raised four times more anti-
31A7 than anti-31M5 antibodies. In contrast, immunization
with the variant antigen 31 M5 elicited about five times more
antibodies recognizing 31 M5 than antibodies recognizing
31A7.

Discussion

The antibody response to the common "a" determinant of
HBsAg is known to confer protection against infection with

Table II. Total Anti-HBs Response in Balb/c Mice After
Immunization with ay Subtype, ad Subtype, or Mutant ay
Subtype HBsAg

Anti-HBs titer

Immunizing 30 d after 15 d after
antigen first dose second dose

ay subtype
(31A7) 501 69113

Variant ay
(31M5) 100 317

ad subtype
(31Y6) 398 71663
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Figure 4. Specific antibody titers raised in mice after immunization
with either 31A7 or 31M5. (a) Anti-31A7 antibodies. (b) Anti-31M5
antibodies. Immunizing antigen/time of bleed: o, 3 1M5/30 d;*,
31A7/30 d; A, 31M5/45 d; *, 31A7/45 d.

HBV. An important region of this determinant lies between
amino acids 124 and 147 of the HBsAg. A variant virus, which
has a point mutation in the genome that results in an amino

Table III. Specificity of the Antibody Response in Mice after
Immunization with either 31A 7 or 31M5

50% antibody titers
Immunizing

antigen 30 d after first dose 15 d after second dose

Anti-3 1A7 Anti-3 1M5 Anti-3 1A7 Anti-3 IM5

ay subtype
(31A7) 1/1167 1/392 1/166439 1/42398

Variant ay
(31M5) 1/134 1/788 1/26935 1/116305
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acid substitution at position 145 of the HBsAg, has been de-
scribed in a child who became HBV infected despite an ade-
quate anti-HBs response (10). The amino acid arginine, which
is substituted for glycine, is a much larger residue and is
charged. As a result the hydrophobicity profiles of this region of
the two antigens are quite different ( 10) and would be expected
to affect the secondary and tertiary structure of the antigen.
This amino acid substitution lies within an important region of
the "a" determinant and so potentially alters the epitopes recog-
nized by the protective immune response.

The recombinant HBsAgs used in this study were purified
in the same way to exclude possible alteration of the antigenic
properties by the purification procedures. Exposure to urea was
avoided as this agent and other chaotropic salts can alter the
structure of the HBsAg protein ( 16) while our previous studies
have shown that the wild-type HBsAg spontaneously forms
immunologically reactive particles (17). This study thus dem-
onstrates that the substitution of arginine for glycine at amino
acid 145 as the sole change in the protein, reduces the antigenic-
ity of the HBsAg in a manner similar to that seen in the infected
child. It is therefore likely that this change was the reason for
the evasion of the host response. The first structural change
responsible for the escape of HBV from the natural and vac-
cine-induced immune response is now established.

The anti-HBs found in the pooled serum of convalescent
patients or vaccinees that bound to the wild-type HBsAg did
not bind to the variant antigen at all, indicating that the altered
antigenicity of the variant HBsAg would result in escape in the
majority of subjects and was not peculiar to the immune re-
sponse of the child in question. The monoclonal antibodies
used in this study have been shown to identify four distinct
epitopes and two overlapping epitopes of the common "a" de-
terminant of HBsAg and all of these were altered in the natural
and recombinant variant antigen. The epitope recognized by
one of these antibodies, RFHBs 1, has been shown to be impor-
tant in the protective response to HBVand was completely
destroyed by the mutation present in this variant HBs protein.

The immunogenicity of the HBsAg was also altered by this
single amino acid change. The total anti-HBs titer to the native
HBsAg raised by the variant was 100-fold lower in mice al-
though a high antibody titer to the homologous antigen was
raised. These results give support to the suggestion that this
mutation arose as the result of immune pressure.

The importance of this variant remains to be ascertained.
Since it evades the immune response elicited after natural in-
fection (convalescent sera) and after vaccination, the potential
for spread is present. Whether this is occurring can only be
determined by further epidemiological studies. The child in-
fected with this virus became a chronic carrier suggesting that
the variant is infectious from cell to cell within the host. The
mother did not have the variant virus so the ability of the vari-

ant virus to infect a new host has to be formally demonstrated
in animal expenments.
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