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MONOCLONAL ANTIBODIES TO THE DISTINCT ANTIGENIC SITES
ON GLYCOPROTEINS C AND B AND THEIR PROTECTIVE ABILITIES
IN HERPES SIMPLEX VIRUS INFECTION

M. BYSTRICKA, M. PETRIKOVA, M. ZATOVICOVA, L. SOLARIKOVA, F. KOSTOLANSKY, V. MUCHA, G. RUSS

Institute of Virology, Dibravska cesta 9, 842 46 Bratislava, Slovak Republic

Received November 13, 1996, revised December 3, 1996

Summary. —~ The relative importance of the humoral immune response to various antigenic sites on the
glycoproteins C and B (gC, gB) of herpes simplex virus (HSV) was evaluated in BALB/c and DBA/2 mice
passively immunized with monoclonal antibodies (MoAbs) and then challenged with lethal dose of infectious
virus. Eight MoAbs to three topographically distinet antigenic sites on gC and eight MoAbs to two distinct
antigenic sites on gB were selected. The results indicated that any antigenic site on gC and gB contains epitopes
for the protective immunity. However, individual MoADbs to different epitopes of the same antigenic site (i.c.
antigenic site 111 on gC, and antigenic site 1T on gB) varied extremely in their protective ability. The protection
did not correlate with the virus neutralization in vitro whereas it correlated significantly with the immune
cytolysis in the presence of complement. The information about protective epitopes 1s essential for under-

standing the immunology of HSV infection at molecular level and may have implications for the design of

HSV vaccine.
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Introduction

Virus-specific glycoproteins associated with the enve-
lope of HSV virion and plasma membranes of productively
infected cells represent the major viral gene products re-
sponsible for the induction of the host humoral immune re-
sponse to infection (Dowbenko and Lasky, 1984; Fuller and
Spear, 1987; Pereira et al., 1989; Fuller ef al., 1989; Kohl,
1992). Most of the HSV glycoproteins can serve as anti-

Abbreviations: AbC = antibody-dependent complement-mediat-
cd cytolysis test; ADCC = antibody dependent cell-mediated cy-
totoxicity; CPE = cytopathic effect; gB, gC = glycoproteins B, C;
HSV = herpes simplex  virus; i.v. = intravenous(ly);
i.p. = intraperitonea(ly); MoAb = monoclonal antibody;
PBS = phosphate-bufferced saline; p.i. = post infection;
RIA = radioimmunoassay; SD§ = sodium dodecyl sulphate;
VN = virus neutralization

gens for induction of a protective response against lethal
challenge (Roberts er al., 1985; RajCani et al., 1995; Miria-
gou et al., 1995). Protective immunity can be induced also
by immunization with naked plasmid DNA encoding viral
proteins (Manickan et al., 1995a) or with recombinant vi-
ruses expressing viral antigens (Martin ef al., 1989; Forest-
eretal., 1991; Ghiasi et al., 1994, Manickan et al., 1995b;
Heinemaner al., 1995). In addition, other investigators have
documented the ability of MoAbs specific for these glyco-
proteins to confer a protection in vivo against lethal chal-
lenge or to enable a recovery (Rector et al., 1982; Kino et
al., 1985; Metcalf ef al., 1988; Sanna et al., 1996).
Virus-neutralization (VN), phagocytosis, complement
activation with immunoregulatory and lytic effect, and an-
tibody-dependent cell-mediated cytotoxicity (ADCC) are
the mechanisms that may be invoived in the antibody-me-
diated protection in vivo, although no close correlation of
protection to any in vitro activity was documented (Bal-
achandranet al., 1982; Kumel et al., 1985; Piga et al., 1990;
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Table 1. Characteristics of MoAbs specific for gC and gB

MoAb Isotype Target Antigenic VN AbC®
antigen site [
HSV-1 HSV-2 HSV-1  HSV-2
+C - +C -C

T90 IgG2a gC-1 I <20 <20 <20 <20 <20 <20)
TS0 lgGl gC-1 I <20 <20 <20 <20 <20 <20
740 IeGl 2C-1 11 <20 <20 <20 <20 <20 <20
T96 1gG2b gC-1 111 <20 <20 <20 <20 <20 <20
733 1gGa 2C-1 [l <20 <20 <20 <20 2560 <20
T51 1pG2b oC-1 11 <20 <20 <20 <20 5120 <20
T60 1pG1 gC-1 11 <20 «20 <20 <20 <20 <20
809 [g(G2b eC-1 11 <20 <20 <20 <20 1280 <20
499 IgGl oB-2 1 <20 <20 200 200 <20 <20
201 1gG2b gB3-2 I <20 <20 200 200 <20 <20
170 [gG2a gB-1.2 I <20 <20 <20 <20 <20 <20
Tiil 1pG2b gB-1.2 11 <20 <20 <20 <20 <20 <20
T63 IpG2b gB-1,2 II <20 <20 <20 <20 <20 <20
159 IgGl gB-1,2 nt 200 200 200 200 <20 <20
49 TeG2b gB-1,2 nt <20 <20 <20 <20 nt nt

VN titers in the presence (+C) or absence (~C) of complement are expressed as veciprocals of the highest dilutions of ascitic fluids at which 90%

inhibition of foci of cytopathic effect (CPE) was observed.

PADC titers are expressed as reciprocals of dilutions of ascitic fluids causing *'Cr-release higher than the average value for control Sp2/0 ascitic fluid

plus the two-fold of standard deviation.
nt = not tested.

Eight MoAbs directed to gC-1 were type-1-specific. All
of them were negative in VN test in the presence or absence
of complement. This finding is rather surprising since most
MoAbs to gC-1 prepared by other authors displayed VN
activity (Pereira et al., 1980; Holland et al., 1983; Marlin et
al., 1985). However, the ability to mediate lysis of HSV-1-
infected cells in the presence of complement was detected
by three of these MoAbs (733, 809, and TS1). In the group
of eight MoADs to gB tested, six (170, 144, T111,T63, 159,
and 49) appeared to be cross-reactive with HSV-1 and HSV-2,
Only one of them (159) was able to neutralize virus in the
presence or absence of complement. On the other hand, two
remaining MoAbs were specific for gB-2 (499 and 201)
and had a complement-independent VN activity. This ap-
parent involvement of type-specific MoAbs in VN could be
due to the fact that primary type-specific epitopes of gB are
exposed at the surface of both virions and infected cells
(Eberle and Courtney, 1989; Kousoulas et al., 1988, 1989).
None of the MoAbs specific for gB lysed HSV-1- or HSV-2-
infected cells in the presence of complement.

Delineation of antigenic sites on gC

For topographical analysis of epitopes on gC we used com-
petitive antibody-binding RIA. MoAbs to gC were purified
using protein A-Sepharose labelled with '#I and evaluated in
competitive binding studies. Unlabelled MoAbs as ascitic flu-
ids in appropriate dilutions were tested for their ability to
compete with a radiolabelled MoAb for binding to a limited

1251 MoAb MoAb competitor Antigenic
To0| 50| 740|706 730|751 |Te0[B00| @

Te0 ot nt t
TS0 nt nt
740 !
Tes nt ot
733
T51 nt nt 11
T80 nt nt
809 nt nt

Fig. 1

Antigenic sites on gC-1
Topographical analysis of antigenic sites on gC-1 was done by competitive
binding RIA with a sct of cight MoAbs to gC-1 reacting with HSV-1
antigen immobilized on solid phase. Black squares indicate a competition
higher than 50%. Empty squarcs indicate a competition lower than 50%.
nt = not tested.

amount of HSV-1 antigen in solid phase. We arbitrarily set an
inhibition of binding higher than 50% as an indication that
competing antibodies bind to the same antigenic site. The
inhibition patterns of eight MoAbs identified three distinct
antigenic sites on gC-1 (Fig. 1). With MoAbs reactive with
the antigenic domain 111 we observed a non-reciprocal inhi-
bition. These patterns might indicate the presence of
a complex antigenic site composed of a minimum of three
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733) and activity in AbC test (MoAbs T51, 733 and 809).
MoAbs with 1gG2a,b isotype are considered more effec-
tive than those with IgG1 in protecting mice against viral
challenge (Ishizaka et al., 1995).

Protection experiments carried out with DBA/2 mice
showed that MoAbs T50, 809 and T96 protected DBA/2
and BALB/c mice with similar efficiency. This finding sug-
gests a complement-independent mode of protection with
these MoAbs. On the contrary, MoAbs T90, 740, and T51
did not protect the challenged DBA/2 mice from infection.
Of these MoAbs, only T51 showed a high titer of comple-
ment-dependent cytolytic activity in vitro what suggests an
apparent role of the complement system in the protection
of mice with this MoAb.

The survival rate of mice in control groups injected with
Sp2/0 ascites and virus ranged from 0 to 27%. These values
may indicate that partial protection of animals can be also
mediated by other factors than MoAbs present in ascitic
fluids. However, control mice injected with PBS and virus
died within 10 days.

Passive immunization with MoAbs defining two distinct
antigenic sites on gB

Protection experiments with MoAbs specific for gB were
done essentially as described above for MoAbs to gC. Both
strains of mice (BALB/c and DBA/2) were injected with 2 doses
of MoAbs and lethally challenged with HSV-1 or HSV-2. In
these experiments we used a set of six MoAbs to gB char-
acterized as to their corresponding antigenic site, and two
additional MoAbs (49 and 159) without defined epitope
specificity. Average survival rates in two independent pro-
tection experiments are summarized in Table 3. MoAbs
corresponding to the antigenic site I (170, 201 and 499) or
ITon gB-2 (144, T63 and T111) were equally effective in
conferring passive immunity to mice in vivo. A comparison
of protective ability of MoAbs reactive with individual

cpitopes of the same antigenic site I or 11 of both types of

HSV showed considerable differences. Taken together, as
with the MoAbs to gC-1, the ability of the MoAbs to gB to
protect both strains of mice from lethal infection was not
related to any individual epitope or antigenic site.
Cross-reactive MoAbs (170, 144, T111, T63, 159, and
49) significantly protected BALB/c or DBA/2 mice from

lethal HSV-1 infection in spite of the fact that onlv one of

them (159) had complement-independent VN duaivity in
vitro. Three of them (170, 144, and 159) were also protec-
tive for mice challenged with HSV-2. Of the two gB-2-spe-
cific MoAbs (201 and 499) having complement-indepen-
dent VN activity and reacting with the same antigenic site,
only one (201) of IgG2b isotype gave a significant protec-
tionin vivo. However, the non-protective MoAb 499 showed
lgG 1 isotype that is considered less effective in conferring
a passive protection (Ishizaka ef al., 1995). In conclusion,

Table 3. Protective effect of MoAbs specific for gB

MoAb  Target Survival rate in %>

antigen  site

Antigenic

HSV-1 HSV-2

BALB/c DBA/2 BALB/c DBA/2

499 gB-2 [ nt 29 14 43
201 oB-2 I nt 0 40* 57
170 ¢B-1,2 [ 80" 86 30 100°
144 gl3-1,2 1 86" 14 100*  100°
Ti11 eB-1,2 I 30 100" 20 14
T63 eB-1,2 11 0 5T 29 0
159 gB-1,2 nt nt 80" nt 100"
49 gB-1.2 nt nt 86" nt 50
Control

ascitic

fluid - 5-27  0-8 0-17  0-12
PBS - 0 0 0 0

*Survival rate was cvaluated on day 30 after lethal challenge and
statistically analyzed by Fisher-Yates test on 10% level of significance
(P = 0.1). MoAbs showing P <01 were considered protective and labelled
with asterisk.

nt = not tested.

no correlation was found between the VN activity and the
protective ability of MoAbs to gB in vive.

In the course of protective experiments we noticed that
some cross-reactive MoAbs (i.e. 144 and 170) appeared as
type-specific depending on the mouse strain used. E.g.,
BALB/c mice infected with HSV-1 were protected with both
MoAbs whereas DBA/2 mice were protected only with
MoAb 170. In contrast, BALB/c mice challenged with HS V-
2 were protected only with MoAb 144, whereas DBA/2 mice
were protected with both MoAbs. Apparently, MoAb 144
behaved as cross-reactive when tested with BALB/c mice
and as HSV-2-specific in DBA/2 mice. On the contrary,
MoAb 170 behaved as cross-reactive when tested in DBA/2
mice and as HSV-1-specific in BALB/c mice. It remains to
be resolved why some MoAbs appear as type-specific or
cross-reactive in their protective ability depending on
a mouse strain,

Discussion

Investigation of the immune response to HSV has pro-
gressed rapidly, mainly through the use of mouse model,
MoAbs and recombinant DNA technology. Recent research
of antibody-mediated protection had been focused on de-
fining the role of individual viral envelope glycoproteins,
with the ultimate goal of identifying the minimum effective
immunization unit. Using lethal challenge models, several
investigators have demonstrated the ability of MoAbs spe-
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Recemly, several different antibody-binding sites have
been defined on gC and g of HSV, particularly using neu-
tralizing MoAbs and MoAb-resistant virus mutants (Perei-
ra et al., 1989, Highlander ef al., 1989, Kousoulas et al.,
1988, Kumel e wl., 1985, Marlin et af., 1985). Also,
a correlation between the reactivity patterns of MoAbs with
distinet antigenic sites on haemagglutinin-neuraminidase
glycoprotein and their protective abilities was studied 1n
Sendat virug infection (Piga ef al., 1990). In these studies,
noeritical antigenic site was found for immune recognition
by protective antibodies,

The protective &:wc“ﬂwrw desertbed here were maost Ey
dmw mm non-rewtralizing MoAbs directed 10 dmmm anti-
genie sites of pCund gB as determined by competitive anti-
lmcﬁ mmﬁ ng RIA tests. The results mdicated that each of
the antigenic sites on g and gC can provide epitopes for the
protective immunity. However, individual MoAbs directed
to distinet uw opes of the same antigemic site differed ex-
tr"z“:w'wﬂy in their protective ability. We believe that any region

on the surface of an antigen can induce and be recognized by
mtxﬂmch s, and many of these antibodies probably may pro-
tect an organisim (¢ mouse) from lethal infection. Further

xper mmm should ha, done to explain what else, if not the
mxm‘,‘wmc site, determines the protective capacity of particu-
lar antibody agamst lethal infecton in wive,
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