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Summary. - A m o n o c l o n a l  a n t i b e d y  (VE8) d irected t o  g lycoprotein  
C o f  h e r p e s  s i m p l e x  v i r u s  t y p e  1 (HSV-1) cross-reacted w i t h  all H S V  
t y p e  2 (HSV-2) strains tested.  Posit ive reaction w a s  also o b s e r v e d  
w i t h  all invest igated HSV-1 strains, indicat ing that  t h e  related 
ep i tope  is consistent ly  present  i n  HSV-1 a n d  HSV-2. 
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Herpes  s i m p l e x  v i rus  (HSV) speci f ies  at least s e v e n  d i f f e r e n t  g lycoproteins  
(Spear, 1985; Longnecker  etal., 1987; M c G e o c h  etal., 1987; Fu l ler  etal., 1989). 
Because  o f  their  e x p o s e d  location i n  t h e  v i r ion  e n v e l o p e  a n d  i n  m e m b r a n e s  o f  
i n f e c t e d  cells, H S V  glycoproteins  are important  inducers  o f  t h e  h u m o r a l  
i m m u n e  response  o f  t h e  in fec ted  host.  Resu l t ing  f r o m  h i g h  D N A  h o m o l o g y  o f  
H S V  t y p e  1 (HSV-1) a n d  type  2 (HSV-2), m o s t  o f  t h e  viral  g lycoproteins  h a v e  
n u m e r o u s  t y p e - c o m m o n  determinants  caus ing  extens ive  cross-reactivity o f  
po lyc lonal  sera (Schneweis  a n d  Nahmias ,  1971). However ,  a m o n g  t h e  m a j o r  
g lycoproteins  o f  t h e  v ir ion,  g lycoprotein  C (gC) w a s  cons idered  f o r  a l o n g  t i m e  
t o  elicit o n l y  type-specif ic  ant ibod ies  (Vestergaard  et al., 1978; C h i n g  a n d  
Lopez,  1980; Eber le  a n d  Courtney,  1981). Accord ing ly ,  m o r e  t h a n  51 d i f f e r e n t  
m o n o c l o n a l  ant ibod ies  ( M A b s )  directed against g C  o f  HSV-1 (gC-1) o r  HSV-2 
(gC-2) a n d  s h o w i n g  n o  cross-reactivity are descr ibed  (Showalter  et al., 1981; 
Pereira  etal., 1982; Balachandran  etal., 1982; Rector  et al., 1982; H o l l a n d e r  al., 
1983; Para etal., 1983; G o l d s t e i n  etal., 1983; Zezu lak  a n d  Spear, 1983;Marlinef 
al., 1985; Para etal., 1985; Balachandran  etal., 1987; Seidel-Dugan  etal., 1988). 
Based o n  th is  type-specificity, gC-1 a n d  gC-2 are u s e d  f o r  identi f icat ion o f  
HSV-1 and/or  HSV-2 ant ibod ies  i n  patient 's  sera (Leht inen  et al., 1985). 

In contrast, there  are o n l y  f e w  reports present ing  data o n  cross-reactivity o f  
gC-specif ic  ant ibodies.  First, Pereira et al. (1982) descr ibed  a neutral iz ing  
m o u s e  M A b  against gC-1 (HC1), w h i c h  cross-reacted w i t h  t w o  o f  67 HSV-2 
strains i n  a n  i m m u n o f l u o r e s c e n c e  test. Z w e i g  et al. (1983) presented  a n o n -
-neutral iz ing gC-2 speci f ic  M A b  (104-S), w h i c h  weak ly  precipitated g C  o f  
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HSV-1 f r o m  b o t h  infected cell extracts a n d  pur i f ied  gC-preparations. Zezulak 
and Spear (1983) s h o w e d  that a convent ional  rabbit ant iserum prepared against 
HSV-1 vir ion enve lope  proteins immunoprecipi tated g C  o f  HSV-2. 

Here w e  describe a non-neutralizing M A b ,  designated VE8,  prepared against 
HSV-1 a n d  specif ic f o r  gC, w h i c h  s h o w s  extensive cross-reactivity w i t h  g C  o f  
HSV-2. In contrast to  M A b  HC1 o f  Pereira (1982), V E 8  reacts w i t h  all HSV-1 
and HSV-2 strains tested, a l though reactivity was  quantitatively di f ferent.  In 
addition, M A b  V E 8  is s h o w n  to  react w i t h  gC-1 a n d  gC-2 expressed b y  trans-
fected NIH 3T3 cells. 

T h e  t w o  M A b s  u s e d  i n  t h e s e  s tud ies ,  d e s i g n a t e d  IIIE8 a n d  V E 8  w e r e  p r e p a r e d  b y  f u s i n g  s p l e e n  
cells f r o m  B A L B / c  m i c e ,  w h i c h  h a d  b e e n  h y p e r i m m u n i z e d  w i t h  HSV-1 strain 342 h v  ( S c h n e w e i s  
et al., 1984), w i t h  X63-Ag8.653 m o u s e  m y e l o m a  cel ls.  H y b r i d s  w e r e  s e l e c t e d  i n  s e r u m - f r e e  H A T -
m e d i u m .  Cel l- free  c u l t u r e  fluids w e r e  c o n c e n t r a t e d  b y  a m m o n i u m  s u l p h a t e  prec ip i ta t ion  
f o l l o w e d  b y  dialysis.  T h e  i s o t y p e  o f  b o t h  M A b s  w a s  I g G  2a as  d e t e r m i n e d  b y  s t a n d a r d  d o u b l e -
d i f f u s i o n  agarose  g e l s  u s i n g  r a b b i t  a n t i - m o u s e  i m m u n o g l o b u l i n  c lass  a n d  s u b c l a s s  sera. B o t h  
M A b s  h a d  n o  n e u t r a l i z i n g  act iv i ty  aga inst  HSV-1 o r  HSV-2 i n  p r e s e n c e  o r  a b s e n c e  o f  c o m p l e ­
ment .  A n t i g e n  specificity o f  t h e  M A b  w a s  revealed by  immunoblo t t ing  us ing  viral lysates purified 
by sucrose  gradient and  a biotin-streptavidin-peroxidase detect ion  sys tem.  I n  addition,  glycopro-
t e i n - e n r i c h e d  extracts f r o m  infected ce l l s  and  f r o m  ce l l s  transfected w i t h  e i ther p lasmid 
pMSGgC-1  or  p M S G g C - 2  w e r e  prepared (Kle im  et al., 1990) a n d  incubated w i th  M A b  IIIE8 and  
VE8.  p M S G g C - 1  contains  a 1.8-kbp insert w i t h  t h e  gC-1  g e n e  coding  s e q u e n c e s  3 '  w i th  respect  t o  
the m o u s e  m a m m a r y  tumour  virus l o n g  terminal repeat ( M M T V - L T R )  residing i n  t h e  c loning  
vector p M S G  (Pharmacia). p M S G g C - 2  w a s  constructed by  isolat ion o f  a 2.0-kbp BssHll fragment  
from H S V - 2  G (Ejercito et al., 1968) D N A  and l igation o f  th i s  fragment  in to  t h e  polyl inker s i te  o f  
p M S G  wi th  t h e  aid o f  Sail linkers. p M S G g C - 2  therefore contains  t h e  gC-2  translation initiation 
c o d o n  approximately 40bp 3 '  w i t h  respect  t o  t h e  M M T V - L T R .  N I H  3 T 3  ce l l s  were  transfected 
with p M S G g C - 1  or p M S G g C - 2  us ing  a modif icat ion  o f  t h e  ca lc ium phosphate  precipitation proce­
dure (Graham and  Eb,  1973). Express ion  o f  g C  w a s  induced  b y  adding o f  dexam ethasone  t o  t h e  
culture m e d i u m .  
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Fig.  1 
I m m u n o b l o t s  w i t h  HSV-1 a n d  m o n o c -  45K — 
lonal  a n t i b o d i e s  IIIE8 ( p a n e l  1) a n d  V E 8  
(panel  2 ) :  g E - / C ~  m u t a n t  GCI-8 ( lanes  a), 
HSV-1 gE~ m u t a n t  A n g e l o t t i  E3/3 ( lanes  29K — 
b),  a n d  HSV-1 342 h v  ( lanes  c) (v i rus  w a s  

p u r i f i e d  as  d e s c r i b e d  i n  t h e  text)  
T h e  a n t i b o d i e s  r e c o g n i z e  g l y c o p r o t e i n  g C  
(130 k D  M r ) ,  i ts  p r e c u r s o r  p g C ,  a n d  t h e  
65,000 M r  d e g r a d a t i o n  p r o d u c t .  S ize  o f  
m o l e c u l a r  w e i g h t  m a r k e r s  (M) are  i n d i ­
cated o n  t h e  left .  
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I n  i m m u n o b l o t s ,  M A b  III8 a n d  V E 8  w e r e  similarly reactive w i t h  HSV-1 glyco­
protein g C  (Mr  130,000) its precursor p g C  and t h e  65,000 M r  degradation 
product (Fig. 1). T o  confirm t h e  specificity, they were reacted with Western 
blots o f  electrophoretically separated polypeptides o f  t h e  HSV-1  glycoprotein 
E minus  (gE-)  mutant Angelotti  E 3 / 3  (Neidhardt  et al., 1987) and o f  the  HSV-1  
g C - / g E -  mutant GCI-8 (Schranz  et al., 1989). ( T h e  mutants were kindly 
provided by Prof. Kaerner, Heidelberg, F.R.G.) N o  reactivity was observed 
with the  g C - / g E -  virus mutant,  whereas reaction with the  g E -  mutant was 
s h o w n  to  b e  equivalent to  that obtained with wild-type virus. 

W h e n  w e  performed immunoblots  using antigen from purified HSV-2  strain 
G virions and M A b  VE8 ,  bands in  the  range o f  an approximate M r  o f  75,000 to  
65,000 apparently gC-2 and its precursor pgC-2 became visible (Fig. 2,  lane 2a). 
In contrast, n o  reaction with gC-2 was observed with t h e  M A b  IIIE8 (lane la) .  
A s  expected,  glycoprotein-enriched extracts from cells transfected with 
pMSGgC-1 and treated with dexamethasone for 2 4  hr, reacted with M A b s  « 
IIIE8 a n d  V E 8  (data n o t  s h o w n ) .  T o  ascertain t h e  cross-reactivity o f  M A b  V E 8 ,  
w e  i n c u b a t e d  th is  M A b  w i t h  W e s t e r n  b l o t  strips conta in ing  ant igen  o f  a cel l  
l i n e  d e r i v e d  f r o m  transfect ion o f  N I H  3T3 cells  w i t h  pMSGgC-2. A s  s h o w n  i n  
l a n e  2c, t h e  s a m e  sta in ing pattern as w i t h  HSV-2 v i r ion  ant igen  (lane 2b )  w a s  
observed,  a l t h o u g h  - d u e  to  t h e  l o w  express ion  o f  g C  f r o m  pMSGgC-2 trans­
fected cells (Friedman  et al., 1989) - only faint gC-2 specific bands were 
obtained. 

T o  analyse whether  the  cross-reacting epitope o f  gC-2 is  unique in HSV-2  
strain G or  present in numerous  HSV-2  strains, w e  tested a panel o f  31 HSV-2  

Fig. 2 
Immunoblots  o f  HSV-2 virions and gC-2 

expressed in transfected cells 
Sucrose gradient purified HSV-2 G 
virions (lanes a) and glycoprotein-
-enriched extracts (lane b) from infected 
Vero  cells, and extracts from pMSGgC-2 
transfected N I H  3T3 cells (lane c) were 
separated by SDS-PAGE and the blots 
reacted with monoclonal  antibody IIIE8 
(1) and VE8 (panel 2). Arrows in panel 2 
indicate gC-2 specific bands (75 k D  and 
65 k D  mol  wt). 
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Table 1. Reactivity of gC-specific monoclonal antibodies M E 8  and  VE8 i n  immunofluorescence 
tests with HSV-1 and HSV-2 strains 

HSV-1 monoc lona l  ant ibody HSV-2 monoc lona l  ant ibody HSV-1 
IIIE8 V E 8  HSV-2 

IIIE8 V E 8  

GCI-81  
-§ G 4  ++ 

(gCVgE-) Haase7  _ + 
Ang. E3/3 2  ++ +++ U S 8  _ ++ 
(gE") .  U S  syn9  _ ++ 
34211V3 +++ +++ l * - 7  _ + 
F 4  ++ ++ 8-12 _ ++ 
W A L  wt5  

- C 
+-H* +++ 13-27 - +++ 

l * - 3  + +  + +  
4 - 5  + +  - H - +  
6 - 9  
10-21 

Schranz et al, 1989 7 Schneweis, 1962 
Neidhardt et al, 1987 8 Schneweis and Nahmias, 1971 
Schneweis  et al, 1984 9 Plaque-picked syncytial mutant 
Ejercito et al., 1968 o f  strain U S  

5 Schroder et al, 1981 
6 Schneweis, 1972 

* Numbered strains are clinical isolates from different unrelated patients. 

8 Intensity o f  fluorescence was noted as negative (-), weak (+) ,  medium ( + + ) ,  and strong 
( + + + ) .  

strains for reactivity with M A b  VE8 in an indirect immunofluorescence test. 
Vero cell monolayers o n  cover slips were infected with the HSV-2 strains and 
fixed after appearence o f  focal CPE. All  strains reacted with M A b  VE8, 
although reactivity was quantitatively different (Tab. 1). N o  reaction was s een  
using M A b  IIIE8. These  results indicate that the antigenic determinant neces­
sary for reactivity with M A b  VE8 is present in  all HSV-2 strains tested. 

Considering the reported rarity o f  cross-reacting gC-specific antibodies, w e  
were surprised that one  out o f  only two gC-specific clones derived from o n e  
fusion was cross-reactive. W e  argued, therefore, whether the strain used for 
immunization o f  the mice differed from other HSV-1 strains in respect t o  the 
cross-reacting epitope. Therefore, in  another series o f  immunofluorescence 
tests the reactivity o f  MAbs IIIE8 and VE8 with 27 HSV-1 strains was assayed 
(Tab. 1). Al l  gC-expressing HSV-1 strains fluoresced with M A b  IIIE8 and with 
the cross-reacting M A b  VE8. Thus, similar to  HSV-2, n o  HSV-1 strain lacks the 
antigenic determinant site necessary for reactivity with M A b  VE8. 
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Our results clearly s h o w  that the  type-common gC-specific M A b  V E 8  reacts 
w i t h  all HSV-1 a n d  HSV-2 strains tested. T h i s  reaction strongly exceeded the  
cross-reactivity o f  the  gC-1 specif ic M A b  HC1 recognizing only  2 o f  67 HSV-2 
strains (Pereira et al, 1982). A l t h o u g h  a cross-reaction o f  this  extent is s h o w n  
f o r  the  first t ime, it m a y  not  b e  unl ikely  that antibodies o f  this specificity are 
occasionally present in  h u m a n  sera. T h i s  wi l l  lead to  false results, w h e n  t h e  
type-specificity o f  h u m a n  sera is determined  us ing  gC-1 and/or gC-2. 

It remains  unclear w h y  type-common gC-specific antibodies are on ly  rarely 
detected. One  explanation m i g h t  b e  that a cross-reacting epitope i n  native gC-1 
and  gC-2 is not  presented. But this hypothesis  appears n o t  to b e  probably since 
the  acetone-treated glycoproteins o f  HSV-1 and  HSV-2 infected cells, i n  
contrast to  SDS-PAGE-separated antigens, are n o t  essentially altered b u t  
clearly reacted w i t h  M A b  V E 8  in  immunof luorescence  tests. A n o t h e r  explana­
tion could be that cross-reactivity is caused by an unusual inaccuracy o f  the 
antibody. A n  originally type-specific epitope may not be  very different from an 
epitope o f  the heterologous virus type, and an antibody which is not well fitted 
to  its epitope, will recognize them both. 
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