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Enhanced Immunogenicity of the 
Pre-S Region of Hepatitis B Surface Antigen 

Abstract. The 55 codons upstream of the gene sequence encoding the hepatitis B 
surface antigen (HBsAg) are called the pre-S(2) region. It has been proposed that 
polypeptides of high molecular weight that contain the pre-S(2) region should be 
included in future hepatitis B virus (HBV) vaccines. The pre-S(2) region and the S 
gene product [25 kilodalton (kD)] together compose a polypeptide of high molecular 
weight (33 kD). As an initial attempt to determine the relevance of the 33-kD 
polypeptide to development of an HBV vaccine, the murine immune response to pre- 
S(2)-encoded determinants as compared to S-encoded determinants on the same 
polypeptide was examined. The results indicate (i) the pre-S(2) region is sign8cantly 
more immunogenic than the S region of HBsAg, (ii) the 26 amino acid residues at the 
NHz-terminus of the 33-kD polypeptide represent a dominant antibody binding site 
on the pre-S(2) region, (iii) the immune response to the pre-S(2) region is regulated 
by H-2-linked genes distinct from those that regulate the response to the S region, 
and (iv) immunization of an S region nonresponder strain with HBV envelope 
particles that contain both the pre-S(2) and S regions can circumvent nonrespon- 
siveness to the S region. 

Immunologic markers of hepatitis B 
virus (HBV) include the surface antigen 
(HBsAg), the core antigen (HBcAg), and 
the core-derived HBeAg. Since HBsAg- 
specific antibodies are protective against 
HBV infection, virus-free envelopes pre- 
sent in the plasma of chronic carriers 
have served as a source of HBV vac- 
cines. The HBsAg is composed of a 
major polypeptide, p25, and its glycosy- 
lated form, gp28 (I). The complete 226 
amino acid sequence of the p25 polypep- 
tide of HBsAg has been deduced from 
partial amino acid sequence data (I) and 
from the nucleotide sequence of the viral 
gene (S) that encodes this polypeptide 
( 2 4 ) .  Additional polypeptides of higher 
molecular weight associated with 
HBsAg have been considered aggregates 
of p25 and gp28; however, p25 begins at 
the third possible translational initiation 
site of a larger open reading frame (ORF) 
and is preceded in phase by 163 or 174 
codons (subtype-dependent) designated 

the pre-S region (5). An HBV-associated 
33- to 36-kilodalton (kD) glycoprotein 
(gp33) has been identified (6), and it has 
been suggested that the sequence of gp33 
starts at the second translational initia- 
tion signal of the ORF, which is 55 
codons upstream from the third signal 
(7). It has been shown that gp33 consists 
of the p25 sequence and a sequence of 55 
amino acid residues at the NH2-terminus 
encoded in this pre-S(2) region (8, 9). In 
support of this, Neurath and co-workers 
synthesized a peptide encompassing the 
26 amino acid residues at the NH2-termi- 
nus of the pre-S(2) region, and antibodies 
to this peptide reacted with gp33 (10). 

The fact that the pre-S region is con- 
served in all described HBV DNA se- 
quences and conserved through evolu- 
tion (11) suggests a functional role for 
this region. This interpretation is sup- 
ported by the observation that gp33 ap- 
pears to be preferentially expressed in 
viremic carriers as opposed to carriers 

with minimal or no infectious virions in 
the blood (8, 12). This suggests a correla- 
tion between viral replication and syn- 
thesis of the higher molecular weight 
polypeptides of HBsAg. Additionally, 
the receptor for polymerized human 
albumin, which has been suggested to 
mediate viral attachment, has been local- 
ized on gp33 (13). The implications of 
these recent findings relative to HBV 
vaccine development and to mechanisms 
of immune-mediated viral clearance 
prompted us to investigate the immune 
response to the S- and pre-S(2gencoded 
gp33 polypeptide of HBsAg. 

In previous studies of the murine hu- 
moral and cellular immune response to 
HBsAg, we demonstrated the influence 
of at least two H-2-linked immune re- 
sponse (Ir) genes and identified HBsAg 
high-responder (H-2d and H-2q), and 
nonresponder (H-2f and H-2" haplo- 
types (14-16). The HBsAg used in those 
studies contained the p25 and gp28 poly- 
peptides but lacked the higher molecular 
weight polypeptides coded for by the 
pre-S region, here designated as HBsAgl 
p25. In the present studies we compared 
the immune responses to pre-S(2)-en- 
coded determinants and S-encoded de- 
terminants of HBsAg in terms of immu- 
nogenicity , specificity, H-2-linked regu- 
lation, and possible overlapping regula- 
tory mechanisms (that is, whether or not 
the T-cell helper function generated in 
response to the pre-S region would influ- 
ence the anti-S response). For this pur- 
pose we used HBsAg particles derived 
from Chinese hamster ovary (CHO) cells 
transfected with a plasmid containing the 
S gene and the pre-S region of HBV (1 7); 
these particles are designated HBsAgl 
p34. The HBsAgIp34 particles are com- 
posed of the S-encoded p25lgp28 poly- 
peptides plus the pre-S(2)- and S-en- 
coded gp34 polypeptide. The gp34 poly- 
peptide corresponds to HBV gp33 (17). 

Groups of mice from a panel of H-2 
congenic strains were immunized intra- 
peritoneally with 1.0 pg of HBsAgIp34 
emulsified in complete Freund's adju- 
vant (CFA). On a weight basis this was 
equivalent to 0.913 pg of S region protein 
and 0.087 pg of pre-S(2) region protein 
per mouse or approximately a tenfold 
excess of S region protein. Ten days 
after immunization, all the strains in Fig. 
1 contained immunoglobulin G (IgG) 
specific for the pre-S(2) region polypep- 
tide but none for the S region polypep- 
tide, even though they had received a 
tenfold greater dose of S region protein 
than of pre-S(2) region protein. The re- 
sponses of these strains to a 4-pg dose of 
HBsAgIp25 are shown with broken lines 
for comparison (these lines represent re- 



sults for a 46-fold greater dose of S 
region antigen compared to pre-S(2) re- 
gion protein). At 10 days, the response to 
the pre-S(2) region was greater than the 
responses to the S region in each strain 
immunized with 4 pg of HBsAgIp23 (Fig. 
1). At 24 days, in strain B10 the response 
to the pre-S(2) region was 25-fold greater 
than that to the S region (Fig. la), and in 
B10.D2 the response to the pre-S(2) re- 
gion was 200-fold greater than that to the 
S region (Fig. lb). Strain BlO.S(9R) was 
still nonresponsive to the S region at 24 
days, yet produced a 1:1620 titer of 
antibody to the pre-S(2) region at this 
time (Fig. lc). At 24 days, the responses 
to the pre-S(2) region elicited by immuni- 
zation with HBsAgIp34 were also higher 
than the responses to the S region after 
immunization with 4 kg of HBsAgIp25. 
The differences in magnitude between 
these two responses depended on the 
HBsAg responder status [B10.D2 > B10 
> BlO.S(9R), Fig. 11. After secondary 
immunization the responses to the pre- 
S(2) and S regions were either equivalent 
[B10.D2, BlO.S(9R)] or the pre-S(2) re- 
sponse was greater (B10, fourfold differ- 
ence) (Fig. 1). This was not surprising in 
the B10.D2 strain, since immunization 
with HBsAgIp25 also induced a 1 : 40,000 
titer in response to the S region (Fig. lb). 
However, the quantity of antibody to the 
S regiori produced by the BlO.S(9R) 
strain after secondary immunization with 
HBsAglp34 (0.5 pg) was significantly 
greater (80-fold) than that produced after 
secondary immunization with 4 pg of 
HBsAgIp25 (Fig. lc). The efficiency of 

the response to the pre-S(2) region in this 
strain suggested that this pre-S(2) re- 
sponse may have a positive influence on 
the S-specific response. 

Immunization of the BIO.S strain with 
HBsAgIp34 confirmed that the antibody 
response to the pre-S(2) region can stim- 
ulate the response to the S region. The 
B1O.S strain is a total nonresponder to S 
region determinants even after second- 
ary immunization with 4 pg of HBsAgI 
p25 [Fig. 2a, (15)]. The BIO.S strain, 
however, produced an IgG response to 
the pre-S(2) region 24 days after immuni- 
zation with HBsAgIp34 (Fig. 2a). Fur- 
thermore, upon secondary immunization 
with HBsAgIp34, this "S region-nonre- 
sponder" strain produced an anti-S-spe- 
cific response (1:640) as well as a sec- 
ondary anti-pre-S(2) response (1 : 5120). 
The antibodies to the S region produced 
by the BIO.S and BlO.S(9R) strains after 
HBsAglp34 immunization were subtype- 
sbecific (for example, anti-HBsly), 
whereas those produced by the B10 and 
B10.D2 strains were both group- and 
subtype-specific. The B1O.BR strain was 
a low responder to the pre-S(2) region, 
but honetheless it produced a superior 
antibody to the pre-S(2) region compared 
to the S-specific antibody it produced 24 
days after HBsAgIp34 immunization and 
compared to the antibody to the S region 
it produced after HBsAglp25 (4 kg) im- 
munization (Fig. 2b). The BIO.M strain 
was a virtual nonresponder to both the S 
and pre-S(2) regions of HBsAg (Fig. 2c). 
Cum~latively, these results indicate that 
the pre-S(2) region of HBsAg is a superi- 

or immunogen to the S region at the 
humoral level with respect to the effec- 
tive immunization dose and the magni- 
tude and the time of onset of the primary 
response. Furthermore, the pre-S(2) re- 
gion can have a positive influence on the 
S region-specific response because im- 
munization of an S region-nonresponder 
strain with HBsAglp34 can circumvent 
nonresponsiveness to the S region. 

Since the anti-pre-S(2) response was 
measured on HBsAg particles consisting 
of both pre-S(2) and S region determi- 
nants (HBsAg/p34), it was necessary to 
establish a pre-S(2)-specific assay. It 
had been reported that pre-S(2) region 
antigenicity was resistant to denatur- 
ation by reduction and detergent treat- 
ment (10). In contrast, the major group- 
and subtype-specific S region antigenic 
determinants are conformation-depen- 
dent and quite sensitive to denaturing 
conditions (18, 19). Therefore, we were 
able to use HBsAgIp34 particles treated 
with sodium dodecyl sulfate (SDS) and 
2-mercaptoethanol (2ME) as solid-phase 
antigen to measure the activity of anti- 
body to the pre-S(2) region but not the S 
region. The recently described synthetic 
peptide encompassing the 26 amino acid 
residues at the NH2 terminus of the pre- 
S(2) region (10) was also used as a solid- 
phase ligand to assay antisera produced 
by immunization with the HBsAgIp34 
particles. 

As illustrated in Fig. 3, antisera to 
group-specific (anti-HBsIa) and subtype- 
specific (anti-HBsly) determinants of the 
S region were reactive against HBsAgl 

T ime  a f t e r  immun iza t i on  ( d a y s )  

Fig. 1 (left). Comparison of production of antibodies to the S and pre-S(2) region of HBsAg in vivo. Groups of 5 mice of the indicated H-2 
congenic strains were immunized intraperitoneally (i.p.) with 1 kg of HBsAgIp34 particles. The relative amount of p34 in the CHO-derived 
HBsAg particles was 35 percent (17) ,  and the pre-S(2) region accounts for approximately 25 percent by weight of p34. Therefore, a 1-kg dose of 
HBsAgIp34 particles is equivalent to 0.913 kg of S region protein and 0.087 kg of pre-S(2) region protein. The IgG antibody responses specific for 
the S region (assayed with HBsAgIp25) and the S plus the pre-S(2) regions (assayed with HBsAIp34) were determined by solid-phase RIA (14) 10 
and 24 days after primary immunization and 2 weeks after secondary immunization (2"). Antisera were also examined in a pre-S(2) region-specific 
assay (Fig. 3). For comparison the broken line represents the response of mice immunized intraperitoneally with 4 kg of HBsAgIp25, which lacks 
pre-S(2) region determinants. The HBs antibody titers are exprehsed as the highest dilution to yield 2.5 times the counts of preimmunization 
sera. Fig. 2 (right). Comparison of production of antibodies to the S and pre-S(2) regions. Groups of five mice of the indicated H-2 congenic 
strains were immunized and sera analyzed as described in Fig. 1. 
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Fig. 3. Specificity and H-2 restriction of the antibody responses to the 
pre-S(2)region. H-2 congenic murine strains were immunized with I 
kg of HBsAglp34 and 24-day sera were analyzed for IgG antibody 
specific for the pre-S(2) region of HBsAgIp34, a synthetic pre-S 
peptide (lo), and HBsAgIp25 by RIA. A pre-S(2) region-specific RIA 
was developed utilizing solid-phase reduced and denatured HBsAgI 
p34 particles [HBsAg/p34 (SDSRME)]. HBsAgIp34 was treated with a 
final concentration of 2 percent SDS and 2 percent 2ME for 2 hours at 
37"C, diluted in 0.01M bicarbonate buffer @H 9.6), coated overnight 
on microtiter plates, and used in the standard RIA assay (14). This 
treatment was shown to reduce S region antigenicity by greater than 
90 percent and did not effect pre-S(2) region antigenicity. The 
reactivities of group-specific (anti-HBsIa) and subtype-specific (anti- 
HBsiy) antisera to HBsAgip25 are also shown. The HBs antibody 
titers are expressed as the reciprocal of the log, of the highest dilution 
to yield 2.5 times the counts of sera before immunization. The H-2 
haplotype of each strain is shown. 

p25 particles but totally unreactive 
against HBsAglp34 particles treated with 
SDSI2ME and against the synthetic pre- 
S peptide. This indicates the absence of 
cross-reactivity between S region anti- 
gens and pre-S(2) region antigens. A 
series of murine strains were immunized 
with HBsAglp34, and the IgG antibody 
responses after 24 days were compared 
on the three solid-phase antigens shown 
in Fig. 3. The B10, B10.D2, and C3H.Q 
strains produced antibodies specific to 
both the pre-S(2) region [detected with 
HBsAglp34 (SDSI2ME) and the synthet- 
ic peptide] and the S region (detected 
with HBsAgIp25) at 24 days; however, in 
all cases the pre-S(2) response was sig- 
nificantly greater. The quantity (titer) of 
pre-S(2) antibody detected in these 
strains with HBsAgIp34 (SDSI2ME) was 
virtually equivalent (no greater than a 
twofold difference) to that detected with 
the pre-S peptide. The BlO.S(9R) and 
B1O.S strains demonstrated a pre-S(2)- 
specific response after 24 days but no S- 
specific response at this time (Fig. 3). In 
the B1O.BR and C3H strains (both H-2k), 
after primary immunization, pre-S(2)- 
specific antibody was detectable only 
with the HBsAglp34 (SDSIZME) parti- 
cles and not with the pre-S peptide. This 
may represent a quantitative difference 
in these low responding strains since a 
response to the pre-S peptide was detect- 
ed following secondary immunization. 
Alternatively, these strains may recog- 
nize a pre-S(2) region determinant not 
represented on the synthetic peptide. 

To further explore the specificity of 
the antibody to the pre-S(2) region, we 
compared antiserum to the native pre- 
S(2) region with antiserum to the syn- 
thetic pre-S peptide using competitive 
antibody inhibition assays. The antise- 
rum to the native pre-S(2) region was 
produced in B10 mice immunized with 
HBsAglp34 and collected 10 days after 
immunization. This antiserum had no 
anti-S reactivity (Fig. la). The antiserum 
to the synthetic pre-S peptide was raised 

Anti-HBs titer ( l l l o g * )  

H B s A g I p 3 4  (SDSIPME)  Pre-S  peptide H B s A g I p 2 5  

Anti-HBsIp34 H-2 

B l 0 . S  s  

B1O.BR k 

BIO.M f 

C 3 H  k 

C3H.Q q 

in rabbits as described elsewhere (10). 
As shown in Fig. 4a, the reaction be- 
tween HBsAgIp34 and antiserum to the 
pre-S peptide (1 : 5000) was quantitative- 
ly inhibited by dilution with antiserum to 
the native pre-S(2) region whereas the 
control antiserum to the native S region 
had no inhibitory effect. In the recipro- 
cal experiment, the reaction between 
HBsAglp34 and antiserum to the native 
pre-S(2) region (1 : 500) was also quanti- 
tatively inhibited by antiserum to the 
pre-S peptide, and no effect was ob- 
served with a control antiserum to an S 
peptide (Fig. 4b). The failure to achieve 
100 percent inhibition indicates recogni- 
tion of distinct antigenic determinants by 
these two antisera; however, the signifi- 
cant competition observed indicates that 
antisera to the peptide and to the native 
pre-S(2) region also recognize overlap- 
ping determinants on the pre-S(2) region. 

Antisera produced by immunization 
with native HBsAgIp34 recognized na- 
tive and denatured HBsAgIp34 and the 
synthetic pre-S peptide. The quantity of 
pre-S(2) antibody detected with the sol- 
id-phase pre-S peptide was similar to 
that detected with solid-phase denatured 

HBsAglp34. This represents the reaction 
of antibody to the native pre-S(2) region 
with a synthetic peptide at high efficien- 
cy and suggests that a large proportion of 
the response to the pre-S(2) region is 
directed to the 26 NH2-terminal residues 
in the pre-S(2) region. Additionally, 
Western blot analysis of antiserum that 
was classified as pre-S(2) specific by 
radioimmunoassay (RIA) bound only the 
p34 polypeptide and not p251gp28. Fur- 
thermore, the presence of pre-S(2) re- 
gion determinants on HBV was con- 
firmed by the observation that the pre- 
S(2)-specific antisera produced by im- 
munization with HBsAgIp34 bound to 
100 percent of 42-nm intact virions as 
analyzed by immunoelectron microsco- 
py. The degree of identity between the 
native and peptide antisera and the 
resistance of native pre-S(2) antigen to 
reduction and denaturation are consist- 
ent with the presence of sequential-de- 
pendent as opposed to conformation- 
dependent determinants on the pre-S(2) 
region. This is in contrast to the major 
group- and subtype-specific determi- 
nants of the S region, which are highly 
dependent on intact disulphide bonds. In 

Fig. 4. Competitive 
antibody inhibition 
assays comparing 
antisera to the pre-S 
peptide and the native 
pre-S(2) region. (a) 
Solid-phase HBsAgI 

k limiting amount 
(1 : 5000) of rabbit 

10 1 / i t / - H B s / p 2 5  1 t i -  p i  antibodies to the pre- 

c 
.g 50 - .- 
n .& 
c 
c - 

30 

kc S peptide was added 
1 1 0 2 4  1 5 1 2  1 2 5 6  1 1 2 8  I 64  1 3 2  1 1 6  I B l a  , 2  1 1 0 2 4  1111 1 2 5 6  , 1 2 8  1 6 4  112 I l a  , followed by goat anti- 

- p34 was incubated 
Anti -HBs/p34 with dilutions of 

mouse antibodies to 
the native pre-S(2) re- - 
gion overnight at 4°C. 

Anti-HBs (dilution) ~ ~ t i - ~ ~ ~ t i , j ~  (dilution) bodies to rabbit IgG 
labeled with lZ5I, and 

the degree of inhibition was determined. (b) Solid-vhase HBsAgIv34 was incubated with 
dilutions of rabbit antibodies to the pre-S peptide over*ight at 4°C. i l imiting amount (1: 500) of 
mouse antibodies to the native pre-S(2) region was added followed by goat antibodies to mouse 
IgG labeled with '251, and the degree of inhibition was determined. 
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view of the enhanced immunogenicity of 
the pre-S(2) region, it is conceivable that 
sequential determinants in a globular 
protein may possess an inherent advan- 
tage in terms of immune cell recognition 
and promotion of efficient cellular inter- 
actions. 

The quantity (Fig. 3) and kinetics 
(Figs. 1 and 2) of the production of 
antiserum to the pre-S(2) region in vivo 
were shown to vary from high-responder 
to nonresponder phenotype among the 
H-2 congenic strains examined. On the 
basis of these results we can classify the 
b, d,  and q haplotypes of H-2 as high 
responders to the pre-S(2) region (10- 
and 24-day responses), the H-29aplo-  
type as intermediate (24-day response), 
the H-2k haplotype as low (marginal 24- 
day response), and the H-2f haplotype as 
a nonresponder. Antibody production 
and T-cell proliferation that are specific 
for S region determinants are regulated 
by H-2-linked Ir genes (15). However, 
the response of the H-2 haplotypes to the 
S region differs from their response to 
the pre-S(2) region. For example, the H- 
2d and H-24 haplotypes are high respond- 
ers to the S region, whereas the H-2b 
haplotype is intermediate, and the H-2k 
haplotype is a low responder but superi- 
or to the nonresponder H-2f and H-2" 
haplotypes. The H-2 regulation of the 
pre-S(2) response differs in that the H-2b 
haplotype is at least equivalent to the H- 
2d and H-2q haplotypes, and the H-2' 
haplotype is an intermediate as opposed 
to a nonresponder phenotype. These 
data indicate that distinct H-2-linked 
genes influence S- and pre-S(2)-specific 
antibody production in vivo. 

The S and pre-S(2) regions of HBsAg 
are composed of 226 and 55 amino 
acid residues, respectively. This system 
raises several questions: will the anti- 
body response to the pre-S(2) region 
appear 'hapten-like' and be regulated 
through T-cell recognition of S region 
determinants, or will it be regulated inde- 
pendently? Will an immune response to 
one region influence the immune re- 
sponse to the other? that is, will there be 
a carrier effect? Since we had previously 
mapped and determined the influence of 
the H-Zlinked Ir genes that regulate the 
immune response to the S region of 
HBsAg (15), we were able to examine 
these questions with regard to the pre- 
S(2) region. Although distinct H-2- 
linked genes influence S- and pre-S(2)- 
specific antibody production, S and pre- 
S determinants exist on the same poly- 
peptide (p34), and it is conceivable that 
helper T cells specific for determinants 
on one region may be capable of provid- 
ing functional help to B-cell clones rec- 

ognizing determinants on the other re- 
gion. The enhanced immunogenicity of 
the pre-S(2) region and the predom- 
inance of IgG class antibodies to the pre- 
S(2) region as early as 10 days following 
primary immuriization suggests efficient 
T-cell helper influence. Investigation of 
the T-cell proliferative responses to the 
pre-S(2) region revealed dramatic differ- 
ences between pre-S(2) and S region 
immunogenicity at the T-cell level (20). 
The effective priming dose required to 
induce a pre-S(2)-specific proliferative 
T-cell response was lower than that re- 
quired to induce an S-specific response. 
In addition, the overall magnitude of the 
pre-S(2)-specific responses was greater 
and the minimal antigen dose required to 
elicit T-cell proliferation in vitro was less 
for the pre-S(2) region than for the S 
region. The B1O.S strain is nonrespon- 
sive to HBsAgip25; yet, when immu- 
nized and boosted with HBsAgip34, it 
produced an antibody response to the S 
region as well as to the pre-S(2) region. 
We have observed that this strain is 
nonresponsive to the S region but re- 
sponsive to the pre-S(2) region at the T- 
cell level (20); therefore, it appears that 
pre-S(2) region determinants act as carri- 
ers for S region hapten in this strain. We 
have previously shown that the nonre- 
sponder status of the BIO.S strain can be 
bypassed by immunization with a red 
blood cell-HBsAgip25 conjugate (21). 
Since strain BIO.S responded to the 
product of the pre-S(2) region but did 
not respond to that of the S region, it 
was possible to observe the influence 
of the pre-S(2) response on the S re- 
sponse. 

Cumulatively, these results indicate 
the following: (i) the pre-S(2) region of 
HBsAg is significantly more immuno- 
genic than the S region in terms of anti- 
body production in vivo; (ii) the 26 ami- 
no acid residues at the NH2-terminus of 
HBsAgIp34 represent a dominant anti- 
body-binding site on the pre-S(2) region; 
(iii) production of antibodies to the pre- 
S(2) region of HBsAg is regulated by H- 
2-linked genes; (iv) H-2 restriction of the 
immune response to the pre-S(2) region 
is distinct from the H-2 restriction of the 
response to the S region; and (v) overlap- 
ping regulatory mechanisms exist since 
immunization with HBsAgip34 of a 
strain that responds to the product of the 
pre-S(2) region but not to that of the 
S region can circumvent nonrespon- 
siveness to the S region. These charac- 
teristics of the immune response to the 
pre-S(2) region are not unique to the 
recombinant particles derived from CHO 
cells since studies with serum-derived, 
pre-S(2) region-positive HBsAg and pu- 

rified viral particles gave equivalent re- 
sults (22). 

These data have implications for the 
development of alternative HBsAg vac- 
cines. The pre-S(2) region is a superior 
immunogen compared to the S region of 
HBsAg. H-2-linked genes regulate the 
responses to pre-S(2) and S region deter- 
minants independently, and therefore 
the likelihood of genetic nonrespon- 
siveness to the entire particle is de- 
creased. It should be noted, however, 
that one murine H-2 haplotype (H-2f) 
is nonresponsive to both regions of 
HBsAg. Finally, the pre-S(2) region ap- 
pears capable of generating T-cell helper 
activity that can function to induce pro- 
duction of antibodies to the S region as 
well as pre-S(2) region, thereby circum- 
venting S region nonresponsiveness. 
These characteristics suggest that inclu- 
sion of the pre-S(2) region could augment 
the effectiveness of future HBV vac- 
cines, depending on the ability of pre- 
S(2)-specific antibodies to protect 
against HBV infection as previously 
demonstrated for S region-specific anti- 
bodies (23). 
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Serologic Identification and Characterization of a Macaque 
T-Lymphotropic Retrovirus Closely Related to HTLV-I11 

Abstract. Human T-lymphotropic virus type III (HTLV-III) is thought to  play an 
etiologic role in the development of the acquired immune dejiciency syndrome 
(AIDS). In this study the serologic characterization of a new simian retrovirus that is 
related to HTLV-III is described. This new virus, here referred to as  STLV-III, was 
isolated from sick macaques at the New England Regional Primate Research 
Center. Radioimmunoprecipitation analysis revealed STLV-III-spec15c proteins of 
160, 120, 55, and 24 kilodaltons, all similar in size to the major gag and env proteins 
of HTLV-III. These antigens were recognized by representative macaque serum 
samples and human reference serum samples positive for HTLV-III antibodies. 
Monoclonal antibodies directed to p24, the major core protein of HTLV-III, also 
immunoprecipitated a 24-kilodalton species in lysates of cells infected with the 
macaque virus. This HTLV-III-related virus, which naturally infects a nonhuman 
primate species, may provide a useful model for the study of HTLV-III and the 
pathogenesis of AIDS. 

The human T-lymphotropic retrovi- 
ruses (HTLV) are a group of related 
exogenous agents that preferentially in- 
fect helper T lymphocytes. There are 
three known types. HTLV-I is charac- 
terized by its widespread yet geographi- 
cally distinct distribution; in endemic 
regions it has been closely linked with 
the development of a unique lymphoma 

of mature T cells designated the adult T- 
cell leukemia/lymphoma (ATLL) (1). 
HTLV-I1 is closely related to the type I 
virus, but its distribution and relation to 
human disease has not been established 
(2) .  HTLV-111, also known as LAV and 
ARV, is the prototype virus isolated 
from patients with the acquired immune 
deficiency syndrome (AIDS) (3, 4 ) .  

caques, Macaca fuscata, indicated that 
various proportions of healthy adults (of 
this species) had antibodies that reacted 
with HTLV-I-related antigens. Type C 
retroviruses that were presumably re- 
sponsible for this activity were then de- 
tected in lymphoid cultures established 
from seropositive animals (6). Subse- 
quent serologic studies have demonstrat- 
ed the presence of antibodies to HTLV-I 
in Asian and African Old World primate 
species, whereas New World primates 
and prosimians have been uniformly sero- 
negative (7, 8). Proviral sequence analy- 
ses of viruses derived from seropositive 
baboons, African green monkeys, and 
Macaca species indicate that the nonhu- 
man primate viruses are closely related 
to, yet distinct from, HTLV-I (9). 

We recently reported an association 
between exposure to an HTLV-I-related 
virus and the development of spontane- 
ous lymphoma and lymphoproliferative 
disorders in three species of macaques. 
Antibodies highly cross-reactive with 
HTLV-I-related antigens were detected 
by means of membrane immunofluores- 
cence (MIF) and radioimmunoprecipita- 
tion (RIP) techniques (8). Macaque sera 

Fig. 1. (A) H9/HTLV-111 and H9 cells were A 1 2 3 4 5 6 B 1 2 3 4 5 6 7 
harvested at their peak of log-phase growth a b a b a b a b a b a b  a b  a b a b a b a b a b a b  
and were exposed to [35S]cysteine [I50 ~ C i l  
ml; specific activity, 1000 to 1050 Cihnmole; 
New England Nuclear] for 8 to 10 hours. A 160 - - - 200 
soluble cell lysate was prepared by disruption 120 - 111 - 

1s ri 
of cells with RIPA buffer (0.15M NaCI, 0.05 
tris-HC1, pH 7.2, 1 percent sodium deoxycho- - 92.5 
late, and 0.1 percent SDS) and centrifugation 
for 1 hour at 100,000g. The lysates [H91 - 
HTLV-111 (lanes a); H9 (lanes b)] were react- % - 6 9  

ed with 10 pI of the following test sera bound 55- - - ew 

to protein A-Sepharose CL-4B (protein A *- % - 55-  0 -  .) 

beads, Sigma): (Lane 1) Monoclonal antibody 
to HTLV-111 p24; (lane 2) human reference 1. -46 

positive serum to HTLV-111; (lane 3) human 
reference positive serum to HTLV-111; (lane 
4) human reference negative serum to HTLV- 
111; (lane 5) representative macaque serum, I) 

positive for STLV-111; and (lane 6) repre- *. 

sentative macaque serum, negative for STLV- 24 - - -e 

111. The immunoprecipitates were eluted in a 24 - - - II 

sample buffer contaming 0.1M Cleland's rea- 
gent, 2 percent SDS, 0.08M tris-HCI, pH 6.8, 
10 percent glycerol, and 0.2 percent bromo- 
phenol blue by boding at 100°C or 2 minutes. Samples were analyzed in a 10.0 percent acrylamide resolving gel with a 3.5 percent stacking gel ac- 
cording to the discontinuous buffer system of Laemmli (19). (B) HUT-78lSTLV-111 (lanes a) and uninfected HUT-78 (lanes b) cell lysates were 
prepared as described above. (Lane 1) Monoclonal anti-p24 HTLV-111; (lane 2) human reference positive serum to HTLV-111; (lane 3) human 
reference positive serum to HTLV-111; (lane 4) human reference negative serum to HTLV-111; (lane 5) representative macaque serum, positive 
for STLV-111; (lane 4) representative macaque serum, positive for STLV-111; and (lane 7) representative macaque serum, negative for STLV-111. 
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