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Pathogenesis of Herpesvirus Infections 

1277 NATURAL HISTORY OF GENITAL HSV INFECTION, Lawrence Corey, Department of 
Laboratory Medicine, University of Washington, Seattle, Washington 98195. 
Major gaps in the knowledge of the natural history of genital HSV infection still 

exist, especially as t o  the chronicity and risk factors associated with recurrence of 
diseaae. Recent studies of the natural history of recurrent genital herpes shows great varia- 
bility in the rate of recurrence. In a recent cohort of patients with frequently recurring 
genital herpes followed over an 8 month period of time, less than 30% of patients had a 
stable rate of recurrence over the first four as compared t o  the second four months of 
disease. In fact, 25% of patients had a 50% decrease and 26% a 50% increase in the first as 
compared t o  the subsequent four months of investigation. Viral type, host irrmune processes 
and duration of disease appear to influence the recurrence rate of disease. Recent evidence 
from several groupa have indicated that primary genital HSV-1 infection recurs much leas 
frequently than primary HSV-2. Among a cohort of 160 patients with primary HSV-2 infection 
followed over a 12 month period of time, 88% recurred, with a median time t o  first recurrence 
of approximately 125 days. In contrast, among a cohort of 30 patients with primary genital 
HSV-1 infection, only 55% recurred within the first year of therapy and the median time to 
their first recurrence was more than 300 days. In addition, the rate of recurrence over time 
was 0.97 recurrences per month in patients with primary genital HSV-1 compared t o  0.35 recur- 
rences in patients with primary genital HSV-2 (p < .01). To evaluate whether reinfections 
with different HSV-2 strains is a major factor of recurrent disease we have evaluated sequen- 
tial HSV isolates from 40 patients who had contact with new sexual partners during the course 
of follow-up. Among the 153 isolates from these patients, all were identical by restriction 
endonuclease analysis of viral DNA using 5 enzymes per isolate (BamH-1, Kpn-1, XHO, SAL-1 or 
PST-1 and Hpa-1. The mean number of recurrences between isolates in this cohort was 15.8 and 
the mean number of months between isolates was 22.8. Thus in heterosexual white upper middle 
class patients the frequency of reinfection with different HSV-2 strains appears t o  be quite 
low. 

Despite a large body of experimental data in animals, evidence for specific host 
factors that influence subse uent recurrence of disease are mea er. Among imnunocompetents 
evidence for host factors inqluencing subsequent recurrence of %isease include, 1) the median 
time to the first clinical recurrence after first episode primary genital HSV infection, is 
126 days compared t o  46 days between recurrent genital HSV-2 infection. These data suggest 
that larger antigenic exposure t o  HSV may boost host 
shorter antigenic exposures seen with recurrences of disease. In addition, recent studies 
using continuous antiviral chemotherapy suggest a "rebound" phenomenon imediately after drug 
is discontinued; again suggesting waning of host factors over time. Recent studies evaluating 
local imnune responses and viral strain factors as they relate t o  viral shedding and reacti- 
vation of genital HSV infections will be discussed. 

factors t o  higher levels than the 

1278 THE PATHOGENESIS OF VARICELLA-ZOSTER V I R U S  INFECTIONS, Ann II. Arvin, Deoartment o f  
Pediat r ics ,  Stanford Un ive rs i t y  School o f  i ledicine, Stanford, CA 94305 
I l i t h  e f f e c t i v e  vaccines f o r  o ther  viruses, v a r i c e l l a  has emerged as the chi ldhood 

exanthem w i t h  the h ighest  r i s k  o f  serious comolications. (1.2) Va r i ce l l a  i n f e c t i o n  i n  the nor- 
mal host  provides a unique oppor tun i ty  t o  r e l a t e  v i r a l  r e n l i c a t i o n  t o  the immune response dur- 
i n g  a primary herpes v i r a l  i n f e c t i o n  i n  which the incubat ion period, the ohase o f  acute ill- 
ness and the recovery phase can be def ined prec ise ly .  A poss ib le  sequence o f  events w i t h  
primary v a r i c e l l a  i s  i nocu la t i on  o f  resp i ra to ry  mucosa and r e p l i c a t i o n  i n  reg ional  lymph nodes 
(Day 0-3), primary viremia and r e p l i c a t i o n  i n  the l i v e r  (Day 4-6) and secondary viremia and 
s k i n  les ions (Day 12-16). 
antibodies are detectable i n  subjects tes ted  1-3 days a f t e r  the onset o f  the v a r i c e l l a  rash. 
S i x t y  percent o f  subjects  tes ted  w i t h i n  1-5 d a y  a l so  had IgA antibody t o  V Z V .  
sera were analyzed by the imnune t rans fe r  method, i t  was apparent t h a t  IgM antibodies i n  the 
e a r l y  sera reacted w i t h  a much broader range o f  i n fec ted  c e l l  orote ins than d i d  IgG antibodies. 
The seve r i t y  o f  v a r i c e l l a  i n  ch i l d ren  w i t h  congenital and drug-induced c e l l u l a r  immunodefic- 
iency i nd i ca tes  t h a t  c e l l u l a r  immunity i s  imoortant i n  r e s t r i c t i n g  VZV r e o l i c a t i o n .  Only 40% 
o f  normal subjects w i t h  v a r i c e l l a  t h a t  we have tested had VZV s o e c i f i c  T-lymnhocyte transform- 
a t i o n  w i t h i n  3 davs. The c y t o t o x i c i t y  mediated by na tu ra l  k i l l e r  c e l l s  and T-lymphocytes t h a t  
has been described recen t l y  i n  pa t i en ts  O i t h  r e a c t i v a t i o n  o f  VZV may be imoortant i n  c e l l u l a r  
imnunity dur ing primary VZV.(3,4) Our data have shown t h a t  normal subjects w i t h  v a r i c e l l a  have 
elevated serum i n t e r f e r o n  which may enhance NK a c t i v i t y .  
lymphocytes from subjects w i t h  v a r i c e l l a  have a marked increase i n  the expression o f  HLA OR 
ant igen which may be invo lved w i t h  T-lymohocyte mediated c y t o t o x i c i t y .  The sk in  i n f e c t i o n  
w i t h  v a r i c e l l a  suggests t h a t  viremia i s  imoortant i n  pathogenesis. Although VZV has been 
i s o l a t e d  from the blood o f  imnunocompromised ch i l d ren  and we have i s o l a t e d  VZV from oer iphera l  
blood mononuclear c e l l s  o f  two normal ch i ldren,  viremia has been d i f f i c u l t  t o  demonstrate.(5) 
Using f luorescein-conjugated monoclonal antibodies t o  VZV prote ins,  we have detected VZV a n t i -  
gen on c i r c u l a t i n g  monocytes from subjects  w i t h  acute v a r i c e l l a  which suggests t h a t  the v i r u s  
may be c a r r i e d  t o  s k i n  t a r g e t  c e l l s  by t h i s  means. It has been assumed t h a t  i m u n i t y  a f t e r  
primary v a r i c e l l a  confers res is tance t o  r e - i n f e c t i o n  w i t h  VZV. However, we have found t h a t  
imnune heal thy adu l t s  have imnunologic evidence o f  r e - i n f e c t i o n  a f t e r  household exoosure t o  
VZV.This boost i n  imnunity w i t h  exposure t o  exogenous v i rus  could be important i n  r e s t r i c t i n g  
the r e p l i c a t i o n  o f  l a t e n t  endogenous VZV i n  imnune subjects. (6)  
1. Preblud, S.R., Pediat r ics ,  68:14, 1930. 4. Cooper e t  alJbst.394, I C M C ,  1983. 
2. Feldman, S., Hughes, W. e t  a l ,  Ped. 56:358,1975. 5. Myers, Y.J.,J I n f e c t  Dis  140:229,1979. 
3. ihara, T. e t  a l ,  Abst.395, ICAAC,  1983. 6. Arvin, A.M. e t  a l ,  JID 143:200, 1983. 

167 

By s o l i d  nhase radioimnunoassay, we have found t h a t  IgG and IgM 

When these 

I n  addi t ion,  we have found t h a t  T- 
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1279 THE PATHOGENESIS OF EPSTEIN-BARR V I R U S  INFECTION. 
Medical Microbiology and Immunology and Comprehensive Cancer Center, The Ohio 
State U n i v e r s i t y  College o f  Medicine, Columbus, OH 43210 

Ronald Glaser, Department o f  

The Epstein-Barr v i r u s  (EBV) i s  a human oncogenic herpesvirus which has been associated 
w i t h  the s e l f - l i m i t i n g  lymphopro l i ferat ive disease, i n fec t i ous  mononucleosis ( I M ) .  The EBV 
has also been impl icated i n  the  e t i o l o g y  o f  nasopharyngeal carcinoma (NPC), B u r k i t t ' s  lympho- 
ma (BL), and B-cel l  lymphoma associated w i t h  c e l l u l a r  i m n e  depression, as f o r  example, i n  
Acquired Immune Def ic iency Syndrome. 
t i t e r s  against EBV e a r l y  antigen (EA). p a r t i c u l a r l y  t he  d i f f u s e  ( D )  component, and v i r u s  cap- 
s i d  antigen (VCA). 
except t h a t  antibody t o  EA i s  genera l ly  t o  the  r e s t r i c t e d  (R) component o f  the EA complex. 
It i s  also known t h a t  antibody t i t e r s  t o  EBV antigens genera l l y  dec l i ne  gradual ly  a f t e r  
e f f e c t i v e  therapy so t h a t  EBV sero log ic  t e s t s  have been used t o  monitor successful treatment. 
Nasopharyngeal carcinoma pa t ien ts  a t  diagnosis, and o f t e n  throughout the  course o f  disease, 
have h igh antibody t i t e r s  t o  VCA IgA as wel l .  
BL. and it i s  not  c l e a r  as t o  why t h i s  antibody i s  somewhat s p e c i f i c  f o r  NPC. Studies from 
our laboratory  have shown t h a t  EBV i s  a lso capable o f  inducing a v i rus -spec i f i c  DNase, and 
t h a t  NPC pat ients ,  when compared t o  normal EBV p o s i t i v e  i nd i v idua ls ,  I M  and other  cancer 
pa t i en ts  show a high frequency o f  strong anti-EBV DNase antibody r e a c t i v i t y  a t  t h e  t ime o f  
diagnosis. 
t ed  w i t h  NPC pa t i en ts  at  diagnosis, but  have also been shown i n  one study t o  be p r e d i c t i v e  
f o r  su rv i va l  o f  j u v e n i l e  NPC pat ients .  

Pat ients  w i t h  NPC r o u t i n e l y  have h igh  IgG antibody 

High antibodies t o  both o f  these antigens are a lso found i n  BL pa t i en ts ,  

This i s  not t he  case f o r  pa t i en ts  w i t h  IM and 

Antibody t i t e r s  t o  the  EBV DNase no t  on l y  have been found t o  be c l o s e l y  associa- 

Since EBV has been associated w i t h  I M  and BL, two diseases i nvo l v ing  B-lymphocytes, it 
was su rp r i s ing  t h a t  when NPC b iops ies were examined by i n  s i t u  hybr id izat ion,  t he  l oca l i za -  
t i o n  o f  EBV DNA was i n  the  e p i t h e l i a l  c e l l s  o f  the tumor.Normally, t h i s  v i r u s  i n f e c t s  
o n l y  B-lymphocytes o f  human and c e r t a i n  nonhuman primates. 
t i o n  between EBV and NPC faces the  d i f f i c u l t y  associated w i t h  the  l abo ra to ry  host range o f  
t h i s  v i rus .  How EBV i n f e c t s  normal human nasopharyngeal e p i t h e l i a l  c e l l s  i s  s t i l l  unclear. 
However. t he re  are data from our laboratory  and others which have shown t h a t  EBV can i n f e c t  
human e p i t h e l i a l  c e l l s  (tumor), and normal e p i t h e l i a l  c e l l s  of s q u i r r e l  monkeys. 
s t rong ly  support t he  hypothesis t h a t  normal hman nasopharyngeal e p i t h e l i a l  c e l l s  could 
be d i r e c t l y  i n fec ted  w i t h  EBV. 
fected c e l l s  w i t h  one o r  more co- factors  (e.g.. d i e t a r y  carcinogens) could r e s u l t  i n  
malignant disease. 

1280 
Center, Omaha, NE 68105 

lymphoma, and infectious mononucleosis have been documented (Figure). 

Any inves t i ga t i on  o f  the associa- 

These data 

It i s  poss ib le  t h a t  . i n te rac t i on  between EBV and/or EBV-in- 

EPSTEIN-BARR VIRUS INDUCED DISEASES IN IMMUNE DEFICIENT PATIENTS, David T. Purtilo, 
Department of Pathology and Laboratory Medicine, University of Nebraska Medical 

Since 1975 many EBV-associated diseases beyond nasopharyngeal carcinoma, Burkitt 

s 
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Depending on the type and degree of immune deficiency. various outcomes of EBV infections 

occur. Aproliferative and lymphoproliferative expressions of EBV infections occur as 
described in X-linked lymphoproliferative syndrome (XLP). EBV uniquely infects the immune 
system itself (B-cells). In XLP It can induce destruction of thymic epithelium which accel- 
erates the immune defects. Anomalous cytotoxic T cell and natural killer cells activity can 
produce fatal hepatitis. Aproliferative phenotypes probably result from the deranged immune 
responses t o  EBV. We have identified EBV genome in the cases using molecular hybridization. 
Specific cytogenetic alterations are associated with conversion from polyclonal t o  monoclonal 
malignancy. Similar events may transpire owing to breakdown in immunologic surveillance in 
viral-induced Kaposi's sarcoma, hepatocellular, cutaneous squamous cell and cervical car- 
cinomas. Detection and prevention of immune deficiency and treatment of viral infections by 
immuno- and anti-viral therapies may obviate the malignancies. 
Ref. Purtilo, D.T. (1984). Editor "Immune Deficiency and Cancer: Epstein-Barr Virus and 

Lymphoproliferative Malignancies", Plenum Press, New York. 
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Herpesvirus Latency 

MOLECULAR BIOLOGY OF HSV-1 LATENCY I N  A MOUSE MODEL SYSTEM, Nigel W. Fraser, 
The Wistar I n s t i t u t e ,  Phi ladelphia, PA 19104 

The conventional i n t e r a c t i o n  o f  viruses w i t h  suscept ib le  host c e l l s  i s  a l y t i c  cyc le  
o f  i n fec t i on ,  i n  which v i rus  rep l i ca tes  i n  the host c e l l s  and m u l t i p l e  
v i r a l  progeny are produced. However, viruses can a l so  res ide i n  the host c e l l  i n  a 
l a t e n t  state. i n  which no i n f e c t i o u s  v i r u s  i s  recovered unless reac t i va t i on  occurs. 
HSV-1 i s  a c lass i c  example o f  a v i rus  t h a t  i s  capable o f  l a t e n t  i n f e c t i o n  and t h i s  i s  
e a s i l y  demonstrated i n  mouse ganglia. 
from muse  ganglia l i m i t s  the usefulness o f  t h i s  system i n  molecular studies o f  HSV-1 
latency. 
Southern b l o t  analys is  has revealed l a t e n t  v i r a l  DNA not  on ly  i n  the t r igeminal  
ganglia but  a l so  i n  the b r a i n  o f  animals inoculated by corneal s c a r i f i c a t i o n .  
However, on screening t o t a l  mouse brains, on ly  50% were found t o  conta in  l a t e n t  HSV-1 
DNA as compared w i t h  100% when b r a i n  stems alone were screened. This i nd i ca tes  
enrichment o f  l a t e n t  v i r a l  DNA i n  the b r a i n  stem. I n  s i t u  hyb r id i za t i on  studies have 
confirmed these f ind ings,  and have served t o  more p rec i se l y  def ine the l oca t i on  o f  
HSV-DNA dur ing latency. 
and thereby an increased percentage o f  l a t e n t l y  i n fec ted  animals i n  which t h i s  DNA 
can be demonstrated provides the t o o l s  t o  aproach several molecular b io logy questions 
prev ious ly  inaccess ib le  t o  experimental study. Perhaps the most i n t e r e s t i n g  and 
s t ra igh t fo rward  experiments are those deal ing w i t h  the physical s ta te  o f  the l a t e n t  
v i r a l  DNA. Thus, using r e s t r i c t i o n  enzyme d iges t i on  and Southern b l o t  analysis, we 
have demontrated t h a t  the l a t e n t  v i r a l  DNA 1) d i f f e r s  from the c lass i ca l  HSV-1 defec- 
t i v e  p a r t i c l e  which consis ts  on ly  o f  the r ight-hand h a l f  o f  t he  prototype genome, 
i nc lud ing  the uniques shor t  region; and 2 )  d i f f e r s  from the l i n e a r  v i r i o n  DNA i n  i t s  
l ack  o f  f r e e  ends. The r e s u l t s  o f  CsCl buoyant densi ty  gradient  cen t r i f uga t ion  
experiments s t rong ly  suggest t h a t  the vast ma jo r i t y  o f  the l a t e n t  H S V - 1  DNA molecules 
e x i s t  i n  an episomal state. Thus, l a t e n t  HSV-1 DNA appears s i m i l a r  i n  many respects 
t o  l a t e n t  EBV DNA. 

copies o f  

However, the small amount o f  DNA ava i l ab le  

Examination o f  t he  anatomical d i s t r i b u t i o n  o f  HSV-1 DNA by both COT and 

The a v a i l a b i l i t y  o f  an enriched source o f  l a t e n t  HSV-1 DNA 

SUCCESSIVE APPROXTKATION OF HurwJ HERPES SIMPLEX VIRUS LATENCY BY IN VITRO 
MODELING, Brian Wigdahl', Carol A. Smith', Erik De Clercq2, and Fred Rapp', 
The Pennsylvania State University College of Medicine', Hershey, PA 17033, and 

1282 

Katholieke Universiteit Leuven2, Leuven, Belgium 

Herpes simplex virus (HSV) is most probably maintained in the ganglion neurons of the 
peripheral nervous system of humans in a latent form that can reactivate producing recurrent 
disease. To examine the mechanisms of HSV latency and reactivation, we have constructed 
several in vitro model systems (1) to provide information complementary to that obtained 
with animal models. Because the neuron plays a central role in HSV latency and recurrent 
infection, the in vitro systems were designed to approximate this cell-virus interaction. 
We initially described HSV type 1 (HSV-1) infections of human embryo lung fibroblast 
(HEL-F) cells and rat fetus sensory neurons wherein virus latency was established by 
blocking productive virus replication with combined (E)-5-(2-bromovinyl)-2'-deoxyuridine 
(BMU; 30 pM) and human leukocyte interferon (IFN-a; 725 IU/ml) treatment. 
virus latency was maintained after inhibitor removal by increasing the incubation temperature 
from 37 to 4O.S0C, and virus replication was reactivated by decreasing the incubation 
temperature from 40.5 to 37OC. As determined by DNA blot hybridization, the latently 
infected HEL-F cell and neuron populations contained detectable quantities of most, if not 
all, HSV-1 HlidIII, G I ,  and @I DNA fragments. 
Change in size or molarity of the HSV-1 terminal or junction DNA fragments obtained by 
E d I I I ,  =I, or @I digestion of latently infected neuron or HEL-F cell DNAs, compared 
with digestion of a reconstruction mixture of purified HSV-1 virion and HEL-F cell DNAs. 
These data suggest that the predominant form of the HSV-1 genome in either latently infected 
cell population was nonintegrated, linear, and unit-length DNA. We have now constructed a 
model system using neurons isolated from human fetus dorsal root ganglia as the host cell 
type. Neurons were partially purified by treatment with mitotic inhibitors, and shown to 
be neuronal in origin by the detection of the neurotransmitter substance P and neuron 
plasma membrane antigen A2B5 by indirect imnunofluoresence using primary monoclonal anti- 
bodies, a biotinylated secondary antibody, and either rhodamine or fluorescein-conjugated 
avidin. Virus latency was established in human fetal neurons by combined treatment for 7 
days with B M U  and IFN-a and maintained by increased incubation temperature after inhibitor 
removal. This model will permit, for the first time, the biological and molecular analysis 
of HSV latency in a primary human neuron. 

References 
1. Wigdahl, B., Scheck, A.C., Ziegler, R.J., De Clercq E., Rapp, F. J. Virol. in press, 1984. 

In both systems, 

Furthermore, there was no detectable 
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1283 HUMAN CMV-HUMAN LYMPHOCYTE INTERACTIONS, Michael  B. A. Oldstone. Department o f  

The mo lecu la r  bas i s  of  cy tomega lov i rus  (CMV) l a tency ,  a c t i v a t i o n  and d isease p roduc t i on  i n  man 
i s  unknown. Observat ions of v i r u s  assoc ia ted  imnunosuppression and a c t i v a t i o n  o f  v i r u s  du r ing  
t r a n s p l a n t a t i o n  suggest a d i r e c t  r o l e  f o r  CMV-lymphocyte i n t e r a c t i o n s .  Our i n i t i a l  approach t o  
ana lyz ing  t h i s  problem was t h e  use o f  an exper imental  model, mouse CMV (MCMV) i n f e c t i o n .  Such 
s t u d i e s  r e s u l t e d  i n  f o u r  impor tan t  observa t ions .  F i r s t ,  a subset o f  sp len i c  B lymphocytes har -  
bored t h e  v i r u s  l a t e n t l y .  Th i s  v i r u s  was a c t i v a t e d  d u r i n g  subsequent a l l ogene ic  s t i m u l a t i o n  o r  
when such B lymphocytes were c u l t u r e d  w i t h  t h e  mitogen, l ipopo lysacchar ide .  Second, r e s i d e n t  
pe r i t onea l  macrophages harbored MCMV ' i n  a l a t e n t  form, b u t  t h i o g l y c o l l a t e  s t imu la ted  macro- 
phages re leased t h e  v i r u s .  Th i rd ,  MCMV res ided  l a t e n t l y  i n  c e l l s  o f  t h e  male  (sperm) and 
female ( f o l l i c u l a r  c e l l s )  rep roduc t i ve  systems. Fourth,  u t i l i z i n g  a model o f  l a t e n t  and 
d imethy lace tamide d r i v e n  a c t i v a t i o n  o f  MCMV i n  te ra toca rc inana  c e l l s ,  t h e  mo lecu la r  b lock  was 
l o c a l i z e d  a t  t h e  l e v e l  o f  MCMV RNA i n  t h e  n u c l e i  o f  i n f e c t e d  c e l l s .  Only l i m i t e d  RNA t ran -  
s c r i p t s  were made. 

Wi th  t h i s  background we eva lua ted  human CMV i n f e c t i o n  o f  human lymphoid c e l l s .  We r e p o r t  he re  
t h a t  CMV can i n f e c t  lymphocytes. Using recen t  v i r a l  i s o l a t e s ,  p o s i t i v e  s e l e c t i o n  w i t h  mono- 
c l o n a l  an t ibod ies ,  t h e  f l uo rescen t  a c t i v a t e d  c e l l  s o r t e r  and mo lecu la r  probes f o r  CMV, we 
found t h a t  a subset o f  T lymphocytes expressed imm6diate-ear ly an t igens  b u t  n o t  l a t e  an t igens  
o f  CMV. Fu r the r ,  CMV i n f e c t i o n  a l t e r e d  severa l  o f  t h e  expected s p e c i a l i z e d  func t i ons  o f  lym- 
phocytes. Thus, we conc lude t h a t  CMV can d i r e c t l y  i n f e c t  human lymphocytes; t h i s  i n f e c t i o n  
i s  abo r t i ve .  Fu r the r  i n  t h e  course  o f  i n f e c t i o n ,  CMV t u r n s  o f f  some impor tan t  d i f f e r e n t i a t e d  
f u n c t i o n s  o f  lymphocytes. 

Imnunology, Scr ipps  C l i n i c  and Research Foundation, La J o l l a ,  CA 92037 

Structure and Function of The Virus Genome 

GENOMES OF THE EQUINE HERPESVIRUSES: MOLECULAR STRUCTURE, REGIONS OF HOMOLOGY AND 
DNA SEQUENCES ASSOCIATED WITH TRANSFORMATION. Dennis O'Callaghan. Ray Baumann, 

Donna Sullivan, Gretchen Caughman and John Staczek, Department of Microbiology, University of 
Mississippi Medical Center, Jackson, Mississippi 39216. 

The equine herpesviruses (EHV) a& excellent models for study of the biological and 
biochemical properties of herpesviruses. Restriction enzymelsouthern blot and electron 
microscopic analyses of EHV linear double-stranded DNA molecules have elucidated the follow- 
ing: The EHV-1 genome is a 92 megadalton (md) molecule comprised of two components, a fixed 
long(L) region (72.8 md) covalently linked to an invertible short ( S )  region (19.2 ma). 6.4 
md inverted repeats (IRs) bracket a unique S sequence and enable the S region to invert, 
thus generating two isomers of EHV-1 DNA. Similarly, the 96.2 md EHV-3 genome is comprised 
of a 73.3 md fixed L region and a 22.9 md invertible S region containing 8 md IRs and. like 
EHV-1, exists as two isomers. The EHV-2 (cytomegalovirus) genome is a 126 md molecule that 
has internal areas of homology but does not appear to invert. The genome of EHV-1 
defective interfering (DI) particles has been shown to be similar to EHV-1 standard (STD) 
DNA in size, but to be comprised of repetitive DNA sequences originating solely from S 
region sequences (0.77-1.00 map units) and the L terminus (0-0.05 map units). Reassociation 
analyses indicate that EHV-1 and EHV-2 share 1.8-3.7 md, EHV-2 and EHV-3 share 1.2-1.9 md, 
and EHV-3 and EHV-1 share 7.6-8.2 md. Hybridization studies using cloned EHV-1 DNA 
fragments as probes indicate these regions of homology between EHV-1 and EHV-3 are dispersed 
throughout their genomes. Cloned EHV-1 probes hybridized to defined regions of the EHV-3 
genome in a predominantly colinear arrangement, and shared sequences mapped in both the L 
and S regions, including the IRs. Reciprocal experiments using cloned and electroeluted 
EHV-3 probes confirmed these results. All three EHVs have oncogenic potential which has 
allowed the development of five distinct models of transformation. UV-irradiated EHV-1 and 
EHV-1 enriched for DI particles have been used to transform permissive hamster embryo(HE) 
cells, and STD EHV-1 has been used to transform nonpermissive mouse embryo cells. 
Similarly, EHV-2 has been used to transform semipermissive HE cells and EHV-3 to transform 
nonpermissive HE cells. Analysis of EHV-1 transformed and tumor HE cell lines indicates 
that a defined viral DNA sequence (0.32-0.38 map units) is stably integrated and selectively 
retained in all cell lines. This sequence is transcribed and at least two viral proteins 
can be detected by immunoprecipitation. Additional experiments are in progress to ascertain 
whether EHV-2 and EHV-3 transformed cells retain DNA sequences homologous to the EHV-1 
0.32-0.38 sequence. 
conducted to determine whether EHV DNA homologies reflect functional similarities. 

DNA transfection/transformation studies and protein analyses are being 
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W P I N G  VARICELLA-ZOSTER VIRUS FUNCTIONS, Richard W. Hymn', Linda Kudler', 
Hugh F. Maguire', and Charles Grose2, Department of Microbiology', The 

One fundamental problem in working with human varicella-zoster virus (VZV) is 
that the virus barely grows in cell culture. 
high-titer VZV stocks are currently unobtainable. Therefore, the classical approach 
to virus genetics, the isolation of conditional-lethal mutants and their arrangement 
into complementation groups, is clearly untenable. For a dominant VZV gene product, 
direct mapping by marker rescue can be attempted. 
limited to only a few genes. 

to VZV genetics. 
recloned into mammalian cell selection vectors. These latter vectors contained 
selectable markers for mammalian cells. 
expressing VZV proteins were selected, developed, and studied. 

The proteins of the cell lines were radiolabeled with [ 35S]methionine, [3H]glucos- 
amine, or [ 32P]orthophosphate to label protein, glycoprotein, and phosphoprotein, 
respectively. VZV-specific proteins were immunoprecipitated with one or more of the 
following reagents: human zoster convalescent sera, polyclonal antisera prepared in 
Hartley strain-2 guinea pigs, and mouse monoclonal antibodies. The immunoprecipitated 
proteins were denatured and resolved by electrophoresis through polyacrylamide gels. 
The gels were dried and subjected to fluorography or autoradiography. 
protein bands could then be assigned to the VZV DNA resident in the transfected 
cell. 

Stable, authentically cell-free, 

However, this approach is inherently 

Employing recombinant DNA technology, we have undertaken an alternative approach 
Recombinant VZV DNAs in conventional E _ .  coli plasmid vectors were 

Thereby, stable mouse and monkey cell lines 

VZV-specific 

This work was supported by grants CA 16498 and CA 18450 from the National 
Cancer Institute and grant A1 14604 from the National Institute of Allergy and 
Infectious Diseases. 

1286 REGULATION OF iiUMAN CYTOMEGALOVIRUS GENE EXPRESSION, Mark F. Stinski and Richard 
M. Stenberg, Department of Microbiology, University of Iowa, Iowa City, IA 52242 

The first genes expressed after reactivation from latency or after primary infection 
presumably code for a viral regulatory protein(s) that controls subsequent viral gene 
expression. These genes are hypothesized to be immediate early (IE) viral genes which are 
expressed independently of any preceding viral protein synthesis. Although, IE RNA origi- 
nates from a region (0.660 to 0.751 map units for Tome strain) in the large unique component 
of the viral genome, only the viral RNA originating between 0.709 and 0.751 map units (Tome 
strain) is mRNA that can be translated in a rabbit reticulocyte lysate (1). In this region, 
there are three IE coding regions that have been designated regions one, two, and three. 
IE region one codes for the most abundant viral RNA molecule, a 1.95 kb species which is 
transcribed from right to left on the prototype arrangement of the viral genome. The viral 
mRNA originates from a region of approximately 2.8 kb (0.739 - 0.755 map units). The viral 
RNA is a spliced molecule containing a 3' terminal exon of 1341 nucleotides. Upstream of 
the major body of the mRNA are three small exon sequences of 1 8 5 ,  8 8 ,  and 121 nucleotides. 
Based on the DNA sequence, the viral mRNA molecule has one open reading frame which begins 
within the second exon and extends for 491 amino acid residues ( 2 ) .  In vitro translation of 
mRNA selected by hybridization to IE region one demonstrated that this region codes for the 
predominant 72,000 dalton IE protein found in the infected cell within one hour after 
infection (1). It is hypothesized that this viral gene codes for the major regulatory pro- 
tein controlling transcription of the viral genome at early times. 

In vivo or in vitro, IE region one is highly transcribed by RNA polymerase I1 relative 
to IE region two or three. DNA sequence analysis of the upstream promoter-regulatory 
region of IE region one detected two distinct repeats of 19 and 18 nucleotides, both being 
repeated four times. The potential secondary structure and the repeat sequences in the 
regulatory region of IE region one are presumably related to the high level of transcription 
of this IE gene. The structure of the genes in IE region two and three require further 
investigation. 

1. Stinski, M. F., D. R. Thomsen, R. M. Stenberg and L. C. Goldstein. 1983. Organization 

2. Stenberg, R. M., D. R. Thomsen and M., F. Stinski. Structural analysis of the major 

3 .  Thomsen, D. R., R. M. Stenberg, W. F. Goins and M. F. Stinski. The promoter-regulatory 

and expression of the immediate early genes of human cytomegalovirus. J. Virol. * : 1 - 1 4 .  

irmnediate early gene of human cytomegalovirus. J. Virol. (In press). 

region of the major immediate early gene of human cytomegalovirus. Proc. Natl. Acad. 
Sci. U.S.A. (In press). 
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1287 SYNTHESIS AND PROCESSING OF HERPES SIMPLEX VIRUS 
GLYCOPROTEINS. Richard J. Courtney and Teresa Compton, Department of 
Microbiology, Un ive r s i ty  of Tennessee, Knoxville,  TN 37996. 

Herpes simplex v i r u s  type 1 (HSV-l)-specific glycoproteins  a r e  designated gB, gC, gD 
and gE. Recent s t u d i e s  within our laboratory and o the r s  have focused on the  syn thes i s ,  
processing and l o c a l i z a t i o n  of t h e  HSV-specific glycoproteins  and t h e i r  p a r t i a l l y  
glycosylated precursors  w i th in  the in fec t ed  c e l l .  With regard to  syn thes i s  of the  HSV 
glycoproteins ,  we have used an HSV-1 temperature s e n s i t i v e  ( t s )  mutant,  taAl (k ind ly  
provided by D r .  P r i s c i l l a  Scha f fe r ,  Harvard Medical School) ,  t o  def ine possible  d i f f e rences  
i n  the con t ro l  mechanisms ope ra t ive  f o r  the syn thes i s  of these glycoproteins .  C e l l  c u l t u r e s  
in fec t ed  with t s A l  a t  the nonpermissive temperature (39-C) synthesized no de tec t ab le  pc o r  
any precursors  of t h i s  glycoprotein;  in c o n t r a s t ,  gB and gD syn thes i s  was near ly  equivalent  
t o  t h a t  detected in  wild type virus- infected c e l l s .  Since it has been reported tha t  the 
mutation in  tsAl is located a t  0.385-0.398 map coordinates  (1)  which is q u i t e  d i s t i n c t  from 
the  map l oca t ion  of the gC gene, these r e s u l t s  suggest t ha t  the expression of an add i t iona l  
gene func t ion ( s )  may be required fo r  synthesis  of gC but is apparent ly  not required fo r  t he  
syn thes i s  of gB o r  gD. Temperature sh i f t -up  s tud ie s  of tsAl-infected c e l l s  have a l s o  
suggested tha t  an HSV-1 gene funct ion other  than gC may be required continuously to  achieve 
wild-type l eve l s  of gC syn thes i s .  With regard to  the processing and l o c a l i z a t i o n  of the 
precursors  t o  HSV-1 glycoproteins ,  we have previously reported tha t  the high mannose 
precursors  pgB , pgC and pgD a r e  the major glycoprotein species  
a s soc ia t ed  w i t b l i R 2  n ~ c l = @ ~ ~ r a c t i o n  6 & b V - l  i n f ec t ed  c e l l s  ( 2 ) .  
on the  nonglycosylsted forms of these p ro te ins ,  we have found tha t  HSV-I in fec t ed  c e l l s  
cu l tu red  a t  a lower temperature (34'C) tend to  accumulate s i g n i f i c a n t  amounts of t he  
nonglycosylated p ro te ins  and these a re  pr imari ly  associated wi th  the nuclear f r ac t ion .  The 
apparent temperature dependence on t h e  processing of t h e  HSV-glycoproteina has provided an 
approach to  follow the syn thes i s ,  l o c a l i z a t i o n  and the eventual  processing of these 
precursor  glycoproteins  in  the absence of i n h i b i t o r s  of glycosylat ion.  
1. Weller,  S .  B . ,  K .  J .  Lee, D .  J.  Sabourin and P.  A. Schaffer .  1983. Genetic ana lys i s  of 

In recent  s tud ie s  focused 

temperature-sensi t ive mutants which def ine the gene fo r  the major herpes simplex v i r u s  
type I DNA binding p ro te in .  J. Vi ro l .  s :354-366.  

2.  Compton, T .  and R. J. Courtney. 1984. Virus-specif ic  glycoproteins  associated with t h e  
nuclear  f r a c t i o n  of herpes simplex v i r u s  type-I i n fec t ed  c e l l s .  J .  Vi ro l .  In pres s .  

STRUCTURE AND FUNCTION OF VIRAL THYMIDINE KINASES, Saul  K i t ,  Malon K i t ,  and Haruki 
Otsuka, Divis ion of Biochemical Virology, Baylor College of Medicine, Houston, TX 
77030 

I n  r ecen t  yea r s ,  v i r a l  thymidine k inase  ( tk )  genes have become inc reas ing ly  important i n  
molecular biology and medicine f o r :  (1) s t u d i e s  on t h e  r egu la t ion  of gene expression and t h e  
co t r ans fec t ion  of f o r e i g n  genes i n t o  euka ryo t i c  c e l l s ;  (11) t h e  cons t ruc t ion  o f  v i r a l  c loning 
veh ic l e s ;  and ( i i i )  i n v e s t i g a t i o n s  on t h e  pathogenesis  of neu ro t rop ic  he rpesv i rus  i n f e c t i o n s .  
Seven v i r a l  t k  genes have a l r eady  been cloned i n  b a c t e r i a l  plasmids and sequenced, namely, t h e  
t k  genes of type 1 and type 2 herpes  simplex v i r u s e s  (HSV-1, HSV-2), marnoset he rpesv i rus  
(MsrHV), pseudorabies v i r u s  (PRV). vacc in i a  v i r u s ,  v a r i o l a  v i r u s ,  and monkey pox v i r u s .  Al- 
though a l l  of t h e  dThd kinase enzymes induced by t h e  v i r u s e s  e x h i b i t  n a t i v e  molecular weights 
of about 80.000. i t  now appears  t h a t  t h e  he rpesv i rus  dThd k inase  enzymes a r e  composed of 40K 
da l ton  subun i t s ,  wh i l e  t h e  or thopoxvirus  dThd k inase  enzymes are composed of 20K da l ton  sub- 
units. The seven viral- induced enzymes a l s o  e x h i b i t  i nd iv idua l  d i f f e rences  i n  many biochemi- 
c a l  and immunological p rope r t i e s ,  d i f f e r e n c e s  t h a t  w i l l  u l t ima te ly  be understood when t h e  
c rys t a l log raph ic  s t r u c t u r e s  of t h e  enzymes have been determined. I n  t h e  inter im,  t h e  amino 
a c i d  sequences 'predicted from t h e  nuc leo t ide  sequences permit i n t e r e s t i n g  comparisons. S tud ie s  
of t h e  p red ic t ed  amino a c i d  sequences of or thopoxvirus  dThd kinase polypept ides  by J. J. 
Esposi to  (personal  communication) have d i sc losed  that these  amino ac id  sequences a r e  remark- 
ab ly  similar. The p red ic t ed  sequences of vacc in i a  v i r u s ,  monkey pox v i r u s ,  and v a r i o l a  v i r u s  
dThd k inase  polypept ides  d i f f e r  in on ly  e i g h t  amino ac ids .  I n  c o n t r a s t ,  t h e  HSV-1 (Clone 101) 
and HSV-Z(strain 333) dThd kinase polypept ides ,  which have 376 and 375 amino a c i d s ,  respec- 
t i v e l y ,  d i f f e r  i n  99 amino ac ids .  When t h e  p red ic t ed  amino a c i d  sequences of t h e  HSV-1 and 
HSV-2 dThd k inase  polypept ides  a r e  a l igned ,  i t  may be seen t h a t  t h e  carboxy-terminal r e s idue  
and r e s idue  270 are de le t ed  from t h e  HSV-2 polypept ide,  wh i l e  an amino a c i d  has  been added a t  
r e s idue  60. The p red ic t ed  MarHV dThd k inase  polypept ide (376 amino ac ids )  shows on ly  l i m i t e d  
sequence homology t o  t h a t  of t h e  HSV-2 dThd k inase  polypept ide,  with t h e  amino terminal  resi- 
due of t h e  la t ter  polypept ide d i sp laced  by 40 amino a c i d  r e s idues  from t h e  amino terminal res- 
idue  of t h e  MarHV dThd k inase  polypept ide.  The PRV dThd k inase  d i f f e r s  from t h e  HSV and 
MarHV enzymes i n  t h a t  t h e  PRV enzyme does n o t  e f f i c i e n t l y  u t i l i z e  dCyd, acyc lov i r ,  and BIOLF- 
62 as nucleoside s u b s t r a t e s .  We have r e c e n t l y  cloned t h e  PRV t k  gene, prepared a s e r i e s  of 
hybrid plasmids wi th  d e l e t i o n s  i n  t h e  PRV DNA, and c a r r i e d  ou t  marker rescue experiments t o  
d e l i n e a t e  t h e  approximate boundaries of t h e  PRV t k  gene. 
ses suggest  t h a t  t h e  PRV t k  gene is about 1 . 7  kb o r  less. Nucleotide sequencing has  been 
completed on 1345 bp of t h e  PRV t k  gene DNA. 
gene has  a l s o  been t r a n s f e r r e d  t o  pseudorabies v i r u s .  
being used f o r  analyses  of t h e  r o l e  of t h e  PRV t k  gene in t h e  pathogeneses of v i r u s i n f e c t i o n s .  

These s t u d i e s  and sequencing analy- 

A d e l e t i o n  in t h e  coding sequence in t h e  PRV t k  
The l a t t e r  PRV t k  d e l e t i o n  mutant i s  
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1289 ORGANIZATION A N D  EXPBESSION OF THE GENOME OF H Y A N  CITOHEGALOVIRLG STRtIN AD169. 
Deborah 8.  Spector , Sherrof H. McDonough , s i l v f j a  I. Staprans , Joyce C. 
Tamashiro , Theodore Friedmann .2and David Fi lpula  . University of  Cal i fornia ,  
San Mego. La J o l l a ,  CA 92093; 

of  t h e  
organization and expression of  human cytomegalovirus (HCMV). HCMV ( s t r a i n  AD169) has a 
genome s t r u c t u r e  s imi la r  t o  t h a t  of herpes simplex v i rus  -1 (HSV-1) and -2 (HSV-2). lhe 
double-stranded DNA genome, 240 Kbp i n  length,  cons is t s  of covalent ly  linked long ( L )  and 
shor t  (S)  segments each bounded by inverted repeats .  The region where t h e  L and S components 
m e e t  is termed the  L S  junct ion,  and the  Land S segments can inver t  r e l a t i v e  t o  junc- 
t i o n  point ,  es tab l i sh ing  t h e  poten t ia l  f o r  four sequence or ien ta t ions .  A t  both termini of 
t h e  genome is a d i r e c t  repeat ,  designated t h e  sequence. DNA sequence analysis  has 
revealed t h a t  t h e  550 bp HCMV sequence is bounded by a 25 bp d i r e c t  repeat  and contains  
many dispersed d i r e c t  repeats  a s  well as  a s p e c i f i c  24 bp segment which appears con- 
served i n  t h e  HSV-1 and HSV-2 "an sequences. Heterogeneity has been observed a t  t h e  L S  
junct ion and termini of HCHV and appears t o  be due i n  par t  t o  a var ia t ion  i n  t h e  number of  
these  "an sequences. 

In an e a r l i e r  study on v i r a l  gene regulat ion.  we used our set of  cloned subgenomic frag- 
ments HCHV as  hybridizat ion probes t o  character ize  the  pa t te rns  of  t ranscr ip t ion  i n  per- 
missively infected human f ibroblas t s .  A s  a r e s u l t  of these  experiments we were able  t o  
l o c a l i z e  t ranscr ip t iona l ly  a c t i v e  regions of the  HCMV genome a t  immediate ear ly ,  ear ly ,  mid- 
d l e ,  and l a t e  times i n  t h e  infect ion.  Recently we have focused on t r a n s c r i p t s  synthesized 
from two regions of t h e  genome. h e  region includes the  repea ts  bordering t h e  long unique 
segment and represents  a major s i te  of  t ranscr ip t ion  during t h e  e n t i r e  in fec t ion  except a t  
t h e  immediate ear ly  time point .  With the  use of t h e  S1 nuclease assay we were able  t o  map 
t h e  5' terminus of t h e  2.7 Kb polyadenylated RNA encoded by t h i s  region t o  a si te within 
EcoRI fragment 0 approximately 600 nucleotides from t h e  junction of EcoRI fragments 0 and W. 
The 3' terminus of t h e  RNA was local ized t o  a si te i n  fragment W approximately 1850 nucleo- 
t i d e s  from t h e  R I  s i t e  and approximately 1500 nucleotides upstream from t h e  s t a r t  of t h e  "a" 
sequence. The second region of RNA t ranscr ip t ion  
examined This region is t ran-  
scr ibed a t  e a r l y  and middle time points  of t h e  infec t ion  but not a t  l a t e r  times. Preliminary 
mapping s tudies  ind ica te  t h a t  the  2.2 Kb polyadenylated RNA species  encoded by t h i s  region is 
spl iced and t h a t  the  d i rec t ion  of t ranscr ip t ion  proceeds from fragment R t o  fragment d. From 
DNA sequence analysis  it appears t h a t  a long open reading frame f o r  t h i s  t r a n s c r i p t  would 
include t h e  50 bp sequence i n  EcoRI fragment R which shares  homology with the  anti-sense 
s t rand of t h e  5' coding exon of t h e  avian re t rovi rus  oncogene v - z .  

Cenex Corporation, Gaithersburg, HD 20877. 
The use of recombinant DNA technology has grea t ly  f a c i l i t a t e d  de ta i led  analysis  

t h i s  

t o  be 

of 

This t r a n s c r i p t  appears not t o  be spl iced.  
includes EcoRI fragments d and R i n  t h e  long unique segment. 

SYIITBBSIS, STRUCTURE AND FUNCTION OF CyTonnxLovIBus MAJOR NONVIBION NUCLEAR 
PROTEIN, Wade Gibson, Department of Pharmacology and Experimental Therapeutics, 
The Johns Eopkins University. School of Medicine. h l t i m o r e .  Maryand 21205 

Euman f ibroblaa t  c e l l s  infected wi th  primate s t r a i n s  of cytomegalovirus (CMV) contain 
la rge  amounts of DNA-binding protein. vhich is  not present  i n  the  mature v i rus  p a r t i c l e  (1). 
One- and two-dimensional separat ions of t h i s  pro te in  i n  denaturing polyacrylamida ge ls  have 
es tab l i shed  t h a t  ( i )  i t s  sire is s t r a i n  dependent, varying between about 50K (Old World 
simian CMVs) and 53K (human CMVs) (2), and t h a t  ( i i )  it has a net  basic  charge 
Immunological experiments using monospecific, polyvalent a n t i s e r a  have shorn t h a t  the  
counterpart p ro te ins  of human and simian s t r a i n s  a r e  cross-reactive. and t h a t  such sera  do 
not  reac t  v i t h  noninfected cells. Studies baaed on t h e  use of s e l e c t i v e  inh ib i tors  of DNA 
and pro te in  synthesis ,  i n  v i t r o  pro te in  synthesis, as w e l l  as metabolic and "pulse-chase" 
radiolabel ing,  have demonstrated the  following. F i r s t ,  synthesis  of t h i s  pro te in  species  
requi res  the  preceeding synthesis  of both v i r a l  p r o t e i d r )  and DNA. 
RNA w i l l  d i r e c t  the  synthesis  of t h i s  pro te in  species  in vit ro .  
phosphorylated (3) -- a modif icat ion t h a t  appears t o  slow i t s  electrophoret ic  mobility. 

Ef for t s  t o  determine the  funct ion of thin pro te in  have focused on es tab l i sh ing  i t s  

8. 

Second, infected-cel l  
had th i rd ,  t h i s  protein is 

i n t r a c e l l u l a r  loca l iza t ion  and macromolecular asaociations. 
t h a t  t h i s  pro te in  p a r t i t i o n s  with the nuclear f r a c t i o n  following treatment of infected c e l l s  
r i t h  NP-40 or a mixture of deoxycholate/heen 40, and is not removed from t h a t  f rac t ion  by 
hydrodynamic ehear (i.e., sedimentation through 2 1  sucrose) o r  by freeze-thaw disrupt ion of 
the  remaining nuclear  'hembrane." The prote in  can be released from such nuclei ,  however, by 
increasing the s a l t  concentration t o  approximately O k M  o r  by using more vigorous techniques 
of physical  disrupt ion (e.g., sonicstion). 
re leased pro te in  ind ica te  t h a t  it is  i n  a monomeric form. The prote in  recovered from nucle i  
e i t h e r  by sonicat ion or n s l t  extract ion,  w i l l  bind t o  DNA-sepharose when subjected t o  
a f f  i n i t y  chromatography. 
recovered from infected c e l l s  e i t h e r  by polyethyleneimine prec ip i ta t ion  or  chromatin 
isolat ion.  
p ro te in  i n  the  CMV infec t ion  process. and out hypothesis t h a t  i t  may serve a histone-like 
r o l e  i n  binding t o  DNA. 

1. 
2. Gibson, W. 1983. Virology m:391-406. (see Pig. 5 )  
3. Weiner, D. and W. Gibson. 1983. Virology. 2 :155-169.  (see Fig. 2) 

Theie experiments have shorn 

Bote-velocity sedimentation analyses of the  s a l t -  

Further. t h i s  pro te in  is  enriched f o r  when DNA-binding pro te ins  are 

These and other  r e s u l t s  v i l l  be discussed a i  they bear on the  involvement of t h i s  

Gibson, W., T. Murphy and C. Boby. 1981. Virology =:251-262. 
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There are many suggestions that herpesvirus are in some way associated with human 
maligaaacies. Uost frequently cited is the association of Epsteia Barr virus (EBV) with 
Burkitt's lymphoma and Msopharyngeal carcinoma; herpes simplex virus type 2 (BSV-2) with 
cervical carcinoma; and cytomegalovirus (W) with Kaposi's sarcoma. In general the 
association has been based on seroepidemiological data and finding viral antigens and nucleic 
acids in tumors. 
viruses. 
sequences that are capable of transforming rodent cells to a maligaant phenotype in vitro. 
These experiments have identified a single fragment of HSV-2 DNA (1,2) and a single fragment 
of W DNA (3,4) with transforming activity. 
to encode a protein suggesting a novel mechanism of transformation w t  previously described 
for DNA tumor viruses must occur. 
fragments rill be presented as well as possible models to explain their action. 

(1) Galloway, D.A. and J.K. McDougsll J. Virol. 42:530-537 (1982). 
( 2 )  Galloway, D.A. and J.K. McDougall Nature m z l - 2 4  (1983). 
( 3 )  Nelson, J.A., B. Fleckenstein, D.A. Galloway, J.K. ~Dougall. J. Virol. 42:550 

(4) Nelson, J.A., B. Fleckenstein, G. John, D.A. Galloway, and J.K. UcDougall. J. Virol. 

ONCOCENIC TRANSPOWTION BY HERPESVIRUSES. Denise A. Gallowap, Jay A. Nelson, and 
James K. UcDougall, Fred Hutchinson Cancer Research Center, Seattle, Washington 

Aa important question is to define the oncogeaic potential of these 
We have chosen to study BSV-2 and C W  in detail, to precisely define the viral 

In both caies the viral fragments do not appear 

A complete molecular description of the transforming 

~ 7 .  
( 1982). 

(in press) (1984). 
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1292 HUMAN 8-CELL SPECIFIC TRANSFORMATION ANTIGENS ANALYZED USING EPSTEIN-BARR VIRUS 
INFECTION AS A MODEL SYSTEM, David A. Thorley-Lawson, Department of Pathology and 
Medicine, Tufts University School of Medicine, Boston, MA 02111 

Epstein-Barr virus (EBV) infection, like antigenic or mitogenic stimulation, of resting, 
smell peripheral blood B lymphocytes drives them to differentiate into proliferating lympho- 
blasts characterized by the expression of two B cell differentiation antigens BLAST-1 and 
BLAST-2 (1). EBV is unique, however, as it fixes the B cells at the lymphoblastoid stage 
causing them to proliferate indefinitely (2). 
and is characterized by operproduction of the BLAST-1 and BLAST-2 antigens. These antigens 
are similar in that they are both derived from 43,000 dalton precursor polypeptides and are 
readily detected on EBV and PWM driven lymphoblasts, on cells in the germinal centers of 
lymph nodes (wherein reside the B lymphoblasts) and on chronic lymphocytic leukemia cells of 
B cell origin. A number of pieces of evidence suggest, however, that the antigens are dis- 
tinct: 

This process has been termed "immortalization" 

Monoclonal antibodies (1,2,3,4,5) against the two antigens do not cross-react in pre- 
clearing immunoprecipitation experiments. 
The isoelectric points of the two native antigens (after neuraminadase treatment) are 
different, the PI of BLAST-1 being 7.1 and of BLAST-2 being 3.5. 
The biosyathetic processing of the 43,000 dalton precursor polypeptides is different. In 
the case of BLAST-1, the molecule acquires carbohydrate, probably of the 0-linked but, 
not N-linked form and has mature molecular weight of 44-45,000 in association with a 
second chain of 63,000. The BLAST-1 antigen is then stably expressed at the cell surface 
with a half life of about 16 hours. BLAST-2 on the other hand acquires only N-linked 
sugar, and has a mature molecular weight of 45-47.000 but, is quickly shed from the cell 
surface as a stable 35,000 dalton soluble polypeptide. 
The BLAST-1 and BLAST-2 antigens are expressed at different times. More detailed stud- 
ies, currently underway, on the exact correlation between the time of expression of 
BLAST-1 and BLAST-2 and the process of transformation will also be presented. 

Thorley-Lawson, D.A. et.al. (1982) Cell x:415-425. 
Henle, W. et.al. (1967) Science 157:1064-1065. 
Kintner, G. and Sugden, B. (1981) Nature =:458. 
Slovin, S .  et.al. (1982) Proc. Natl. Acad. Sci. z:2649-2653. 
Rowe, M. et.al. (1982) Int. J. Cancer 29:373. 
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1293 THE ROLE OF NATURAL DEFENSE MECHANISMS IN THE RESISTANCE TO HERPESVIRUS 
INFECTIONS, Car los  LoDez. Labora to ry  o f  HerDeSVirUS I n f e c t i o n s ,  Sloan- 

Ket ter ing I n s t i t u t e  f o r  Cancer Research, New York. NY 10021. 
N a t u r a l  r e s i s t a n c e  mechanisms a r e  those asDects o f  h o s t  defense which do n o t  

requ i re  p resens i t i za t i on  i n  order t o  be oDerative and are thus ready immediately t o  
respond t o  an i n v a d i n g  Dathogen. I n  c o n t r a s t ,  adap t i ve  i m m u n i t y  r e q u i r e s  p r i o r  
exposure t o  a n t i g e n  and u s u a l l y  i s  n o t  o p e r a t i v e  u n t i l  seve ra l  days a f t e r  t h e  
i n f e c t i o n  commences. Although many b a r r i e r s  and other  c e l l  types can p a r t i c i p a t e  i n  
natura l  defense, t h i s  discussion w i l l  concentrate on Natural K i l l e r  (NK) c e l l s  and 
the rap id  generation o f  i n te r fe ron -a lpha  because r e c e n t l y  developed da ta  suggests 
t h a t  t hese  mechanisms p l a y  v e r y  i m p o r t a n t  r o l e s  i n  r e s i s t a c e  t o  he rpesv i rus  
in fect ions.  NK c e l l s  are e f fec to rs  which e f f e c i e n t l y  lyse a number o f  tumor targets, 
v i r u s - i n f e c t e d  c e l l s ,  and c e r t a i n  normal  c e l l s .  S tud ies  w i t h  mur ine  and human 
e f f e c t o r  c e l l s  i n d i c a t e  t h a t  NK c e l l s  a r e  heterogeneous and t h a t  d i f f e r e n t  
subpoDulat ions can be eva lua ted  by u s i n g  d i f f e r e n t  t a r g e t  c e l l s  i n  t h e  assay. A 
major r o l e  f o r  NK c e l l s  i n  res is tance t o  herpesvirus i n fec t i ons  has been suggested i n  
mice gene t i ca l l y  r e s i s t a n t  t o  HSV-1 and cytoaegalovirus. I n  man, NK has been found 
t o  be d e f i c i e n t  i n  pa t i en ts  w i t h  or susceptible t o  severe v i rus  i n fec t i ons  (1). NK 
heterogeneity appears t o  be important since NK w i t h  HSV-1 i n fec ted  f i b r o b l a s t s  was 
d e f i c i e n t  b u t  w i t h  K562 tumor c e l l s  was normal  i n  some o f  t hese  p a t i e n t s .  E a r l y  
p r o d u c t i o n  o f  I n t e r f e r o n  has been shown b y  K i r chner ' s  group (2)  t o  a l s o  c o r r e l a t e  
w i t h  g e n e t i c  r e s i s t a n c e  t o  HSV-1 i n  t h e  mouse. T h i s  group has r e c e n t l y  suggested 
t h a t  t h e  e a r l y  i n t e r f e r o n  m i g h t  a c t  t o  a c t i v a t e  macrophages so t h a t  t h e y  w i l l  
sequester HSV-1 rep l icat ion.  I n  man. a de f i c iency  o f  in ter feron-a lpha generation was 
found t o  be t h e  b e s t  c o r r e l a t e  o f  s u s c e p t i b i l i t y  t o  o p p o r t u n i s t i c  i n f e c t i o n s  i n  
pa t i en ts  w i t h  AIDS (3). These studies suggest t h a t  natura l  defense mechanisms are 
r e q u i r e d  f o r  r e s i s t a n c e  a g a i n s t  he rpesv i rus  i n f e c t i o n s  and d e f i c i e n c i e s  can be 
associated w i t h  severe in fect ions.  

1. Lopez. C., K i r k p a t r i c k .  0.. Read, S.E.. gt. J. I n f e c t .  Dis. E : 1 0 3 0 .  1983. 

2. Engler ,  H., Zawatzky. R., Goldbach, A., gt. J. Gen. V i ro l . z :25 .  1981. 

3. Lopez, C.. F i t z g e r a l d .  P.A., and S iega l .  F.P. J. I n f e c t .  Dis . ( in  Dress). 

IMMUNOLOGICAL REACTIVITY AND SPECIFICITY OF HERPES SIMPLEX VIRUS 
PROTEINS, Bodil Norrild, Institute of Medical Microbiology, University 
of Copenhagen, Copenhagen, Denmark 

1294 

Herpes simplex virus type 1 (HSV-1) and type 2 (IiSV-.2) genomes encode more 
than 50  proteins. The structural proteins make up only half of the proteins 
synthesized during a productive infection, the other proteins bein? either 
regulatory or specifying enzyme functions. 
During a primary or recurrent HSV-infection most proteins induce the produc- 
tion of specific antibodies or the activation of T-lymphocytes. Among the 
HSV-proteins identified from both HSV-1 and HSV-2 are several glycoproteins 
which are present in the viral envelope and are inserted in the plasma mem- 
brane. The immunogenicity of these proteins has been studied in great detail 
and it is well known that each of the gA/B, gC, gD and gE glycoproteins from 
the two herpes virus types specifies a characteristic set of antigen deter- 
minants. The glycoproteins of HSV-1 and HSV-2 map colinearly on the gene map, 
with the exception of gF of HSV-2, and the corresponding glycoproteins from 
the two virus types share antigen determinant sites although type-specific 
determinants are also present. The analysis of the immunologic specificity 
of the glycoproteins was studied by use of both hyperimmune rabbit sera and 
monoclonal antibodies made to the proteins. 
The development of the hybridoma methodology in combination with the use of 
the immunoblotting technique made it possible to study the immunological 
reactivity of HSV-proteins not detected by the methods used previously. The 
identification and the immunological specificity of these insoluble HSV- 
proteins showed that some of these were strong inmunogens during infection 
of the human host. 
Analysis of HSV-proteins made it possible also to study the spectrum of anti- 
bodies made in human sera during infection. The frequency of antibodies 
raised to the individual HSV-proteins and the variability from individual 
to individual will be discussed. 
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SPECIFIC E*lMUNE RESPONSES OF CHILDREN WITH CONGENITAL CMV INFECTION, Robert P. Pass, 
W i l l i a m  J. B r i t t ,  Sergio Stagno and Charles A.  Alford, Department of Pedia t r ics ,  
University of Alabama i n  Birmingham, Birmingham, Alabama 35294 
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Congenital cytomegalovirus (CMV) in fec t ion  i s  present  i n  around one percent of in fan ts  born 
i n  the  U.S. Most infected i n f a n t s  escape without sequelae, but  around 10 t o  20% w i l l  have 
c l i n i c a l l y  evidence infec t ion ,  which r e s u l t s  i n  damage t o  the  c e n t r a l  nervous system or organs 
of perception [l]. 
humoral immune responses t o  the  v i r u s ,  as indicated by serum antibody l e v e l s  measured with 
infected c e l l  or crude v i r i o n  ant igen preparat ions,  there  i s  evidence t h a t  they a r e  unable t o  
terminate a c t i v e  v i r a l  rep l ica t ion .  Damage caused by the  infec t ion  may progress during the  
f i r s t  two years  of l i f e ,  and v i r a l  shedding i n  ur ine  usual ly  p e r s i s t s  beyond f i v e  years .  

Invest igat ions of CMV s p e c i f i c  c e l l u l a r  immune responses i n  these chi ldren have revealed 
impaired blastogenesis  and lymphokine production, compared t o  r e s u l t s  obtained i n  seroposi- 
t i v e  adul t s  o r  a d u l t s  with recent ly  acquired infect ion.  These impairments have not been con- 
s i s t e n t l y  associated with abnormal responses t o  mitogens. decreased numbers of T lymphocytes. 
derangements i n  the r a t i o  of helperlsuppressor T c e l l s  i n  per ipheral  blood o r  the presence of 
viremia de tec tab le  by v i r a l  i so la t ion .  Impaired blastogenesis  (usual ly  no detectable  re- 
sponse) i s  spec i f ic  f o r  CMV; as p a t i e n t s  with congeni ta l  CMV infec t ion  who have acquired 
herpes simplex v i r u s  have developed a blastogenic  response t o  the  la t ter  [21. 
lymphocytes from cul tures  has  f a i l e d  t o  improve the  poor blastogenic. 
parental  macrophages ( p l a s t i c  adherent) s imi la r ly  did not change t h e  absent or impaired re- 
sponses of the infected c h i l d ’ s  T lymphocytes t o  CMV. 
sponse is s igni f icant ly  associated with t h e  pers is tence of v i r u r i a .  
responses have not cons is ten t ly  appeared u n t i l  a f t e r  f i v e  years  of age. 
nism f o r  the  abnormal c e l l u l a r  immune response t o  CMV i n  chi ldren with congenital in fec t ion  
remains obscure, i t  i s  c lear ly  v i r u s  s p e c i f i c  and not a r e s u l t  of a generalized c e l l u l a r  
immune defect  . 
1. Alford, C.A.,  Stagno. S. and Pass ,  R.F.: Natural h i s tory  of per ina ta l  cytomegaloviral 

infect ion.  In: Per ina ta l  Infec t ions  (Ciba Foundation Symposium), Excerpta Medica 
(Amsterdam), 1980, pp 125-147. (Presented a t  The Ciba Foundation, London, November 26 - 
29, 1980). 

and the na tura l  h i s tory  of congenital in fec t ion  with cytomegalovirus. J. Infec t .  D i s . ,  
1983, i n  press .  

Although almost a l l  i n f a n t s  with congenital CMV infec t ion  have vigorous 

Deletion of T8+ 
Subs t i tu t ion  of 

The spec i f ic  impaired blastogenic  re- 

Although the  mecha- 
Detectable lymphocyte 

2. Pass, R.F., Stagno. S . ,  B r i t t ,  W . J .  and Alford, C.A.:  Spec i f ic  c e l l  mediated immunity 

Models for Treatment of Herpesvirus Infections 

1296 ANTIVIRAL AGENTS, ANTI-INFLAMMATORY AGE24TS AND MODELS OF HERPES SIMPLEX I N  THE MOUSE 
T.J. Hi l l* ,  W.A. Blyth’, D.A. Harbour*, A.B. Tulle**, D.L. Easty**, and C .  Shimeld**, 
Departments of Microbiology* and Ophthalmology*, un ivers i ty  of B r i s t o l ,  U.K. 

Animal models used to test the e f f e c t s  of drugs on infec t ion  with HSV should, where possible, 
allow assessment of these e f f e c t s  on the acute, l a t e n t  and recurrent  phases of the disease.  
In  the  mouse e a r  model (l), systemic treatment w i t h  acyclovir  (ACV) before or soon a f t e r  
inoculat ion with HSV can v i r t u a l l y  prevent t h e  growth of v i rus  i n  the  sk in  and the invasion of 
the nervous system (and hence reduce mor ta l i ty  and l a t e n t  in fec t ion) .  A recent  modification 
of this model uses the a b i l i t y  of HSV to cause zosteriform spread of les ions.  Mice are 
infec ted  i n  the neck i n  t h e  dermatome (CZ, C3) which includes the pinna where les ions can 
occur i n  up t o  100% of animals 5 or 6 days a f t e r  the o r i g i n a l  inoculat ion.  W i t h  this model 
top ica l  treatment of the  pinna w i t h  5% acyclovir  cream from the  3rd day a f t e r  inoculat ion of 
t h e  neck with HSV d r a s t i c a l l y  reduced the incidence of z o s t e r i f o m  spread of les ions  t o  t h e  
e a r  and halved t h e i r  duration. ACV given i n  t h e  dr inking w a t e r  from 1 day a f t e r  inoculat ion 
prevented death and the appearance of les ions  on the e a r  and almost completely prevented 
establishment of latency. 
increased incidences of les ions  on the ear were seen b u t  animals were still  protected from 
death. 
t h a t  recur ren t  cutaneous les ions  can develop spontaneously i n  l a t e n t l y  infec ted  animals (1) 
and can be induced by var ious s t imul i  (3,4). After  one such stimulus, s t r ipp ing  the pinna 
w i t h  cellophane tape, recurrent  les ions occur 3-6 days a f t e r  s t r ipp ing  i n  25-40% of animals. 
Systemic treatment w i t h  ACV w a s  e f fec t ive  i n  preventing such recurrent  disease b u t  d i d  not  
e l iminate  l a t e n t  in fec t ion  from the  sensory gangl ia  ( 5 ) .  Moreover, i f  applied frequent ly  
enough topica l  treatment of  the  pinna with 2% acyclovir  cream grea t ly  reduced the  incidence 
of recurrent  les ions  ( 6 ) .  Treatment of ex is t ing  recur ren t  disease with 2% o r  5% ACV cream 
shortened the  durat ion of les ions  but  again d id  not e l iminate  latency. 

lead to long term damage i n  the  cornea. 
treatment caused prolonged shedding of v i rus  from the eye and an increase i n  the exten t  of 
l a t e n t  in fec t ion  i n  t h e  t r igeminal  ganglion. 

Refs. (1) H i l l ,  T.J. e t  a l .  (1975). J. gen. Virol. 28, 341. (2)  Hill, T.J .  e t  al.  (1983). 
Prog. Brain Res .  2, 173. (3) H i l l ,  T.J. e t  al. (1978). J. gen. Virol. 2, 21. (4) Barbour, 
D.A. e t  al. (1983). J. gen. v i r o l .  fift, 1491. (5) Blyth, W.A. e t  al.  (1980). J. gen. Virol. 
- 48, 417. (6) Hill, T.J. e t  a l .  (1982). Antiviral .  R e s .  2, 135. (7) Tullo, A.B. e t  a l .  
(1983). Arch. Ophthal. 101, 961. 

when treatment w a s  s t a r t e d  on t h e  2nd or 3rd day a f t e r  inoculat ion 

The zosteriform spread model and the o r i g i n a l  mouse ear model have the added advantage 

The inappropriate  t o p i c a l  treatment of human herpe t ic  k e r a t i t i s  w i t h  cor t icos te ro ids  can 
I n  a mouse model of herpe t ic  k e r a t i t i s  (7)  such 
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1297 HERPETIC EYE DISEASES IN ANIMALS AS MODELS FOR THERAPEUTIC SNDIES OF ACUTE AND 
LATENT HERPESVIRUS INFECTIONS, W. J. O'Brien, Departments o f  O p h t h a h l o g y  and 

Microbiology, The Medical College o f  Wisconsin, Milwaukee, N I  53226 

I n f e c t i o n s  by members o f  the herpesvirus family are comnon causes o f  d e b i l i t a t i n g  eye d i s -  
eases. Herpes simplex v i ruses and herpes zoster  may i n f e c t  the conjunctiva, cornea, i r i s ,  
and uvea. Cytomegalovirus, i n  add i t i on  t o  herpes simplex v i rus,  has been found t o  i n f e c t  the 
r e t i n a  i n  both imnunocompromised hosts and apparently normal hosts. 
stages o f  ocular  i n f e c t i o n s  by HSV may be produced i n  many species o f  animals, however, the 
most u s e f u l  models inc lude in fec t i ons  o f  rabb i t s ,  mice, and monkeys. 
l a t e n t  v i r a l  i n f e c t i o n s  by co lon i za t i on  o f  neura l  t issues develops i n  a large percentage o f  
the acute ly  i n fec ted  animals. React ivat ion character ized by shedding o f  v i r u s  i n  tears can be 
induced, b u t  recrudescences character ized by recu r ren t  forms o f  ocular  pathology have no t  been 
reproducib ly  induced. The r a b b i t  and mouse models appear t o  be most use fu l  and p r a c t i c a l ,  
however, a l l  o f  the models s u f f e r  from high cos t  and long duration. 

The model o f  acute herpet ic  k e r a t i t i s  i n  r a b b i t s  induced by various s t ra ins  o f  HSV has 
played an i npo r tan t  r o l e  i n  the development o f  f ou r  drugs which are c u r r e n t l y  ava i l ab le  t o  
t r e a t  t h i s  disease i n  humans; 5-iodo-Z'-deoxyuridine, 5-trifluoro-Z'-deoxyuridine. 9-6-D- 
arabinofuranosyladenine, and 9-(2-hydroxyethoxymethyl) guanine. Numerous new nucleoside ana- 
logs have been shown t o  be e f f i c a c i o u s  i n  t h i s  model. Natura l  and syn the t i c  i n te r fe rons  have 
shown e f f i c a c y  w i t h i n  and across species l i nes  when used i n  a prophylact ic  manner. 
and other  forms o f  imnunotherapy have been shown t o  be b e n e f i c i a l  i n  s tud ies u t i l i z i n g  a mouse 
m d e l  o f  he rpe t i c  k e r a t i t i s .  I n  add i t i on  t o  e f f i cacy ,  the models f o r  acute herpet ic  eye d i s -  
ease have prov ided a means o f  assessing therapeut ic  dose responses, drug d e l i v e r y  systems, and 
t o x i  c i  ty  . 

Studies o f  therapeut ic  e f f i c a c y  i n  the treatment o f  recrudescent forms o f  herpet ic  eye d i s -  
eases have establ ished t h a t  no c u r r e n t l y  ava i l ab le  a n t i v i r a l  agent i s  capable o f  e l im ina t i ng  
v i r u s  from the nervous system. Treatment w i t h  therapeut ic  agents before or  w i t h i n  a few hours 
o f  i n f e c t i o n  have been shown t o  reduce the frequency o f  gang l i a l  i n f e c t i o n  and, thereby, may 
have p rophy lac t i c  po ten t i a l .  Forms o f  therapy which i nvo l ve  high dosage over extended periods 
o f  t ime have no t  been successful i n  reducing the frequency o f  gang l i a l  i n fec t i on .  
more, due t o  the lack o f  an adequate model o f  recrudescence, l i t t l e  progress has been made i n  
the assessment o f  therapeut ic  agents f o r  treatment o f  recu r ren t  herpet ic  disease. 

Studies o f  eye diseases produced by herpesvirus i n fec t i ons  have contr ibuted t o  the general 
understanding and assessment o f  f ac to rs  which are important i n  the therapy o f  in fect ions.  
development o f  models o f  recrudescent forms o f  herpet ic  diseases w i l l  p rov ide the key t o  the 
development o f  forms o f  therapy which w i l l  e l im ina te  or  con t ro l  recu r ren t  attacks. 

Models f o r  the acute 

The establ ishment o f  

Vaccines 

Fur ther-  
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Cer in i ,  D. Steinberg and D. W. McCoy, Medical Research Div is ion,  American Cyanamid Company, 
Lederle Laboratories, Pearl River, NY 10965. 

Glycoprotein D i s o l a t e d  from c e l l s  i n fec ted  w i t h  herpes simplex v i r u s  type 1 o r  2 has been 
shown t o  e l i c i t  the format ion o f  typ omnon n e u t r a l i z i n g  antibodies i n  mice and p ro tec ts  
against  subsequent l e t h a l  challenge.BT5. As p a r t  o f  a co l l abo ra t i ve  program aimed a t  devel- 
oping a recombinant der ived subunit vaccine, DNA fragments encoding herpes simplex v i rus  type 
1 and type 2 g lycoprote in  D ( D-1 and gD-2, respec t i ve l y )  have been inse r ted  i n t o  plasmid 
vectors  agd expressed under t t e  t r a n s c r i p t i o n a l  con t ro l  o f  the Escherichia c o l i  l a c  promotor- 
operator. The prote ins expressed i n  t h i s  system comprised gD sequences f u s e d t o  a small 
bacteriophage X c r o  leader ( i . e .  cro-gD). 
i n t r i n s i c a l l y  unstable i n  E. c o l i  and accumulated t o  low l e v e l s  on ly .  We found t h a t  f us ion  o f  
t h i s  cro-gD coding sequence t o e  5' end o f  a sequence encoding 6-galactosidase (6-gal ) ,  
resu l ted  i n  h igh l e v e l s  o f  synthesis o f  cro-gD-&gal f us ion  p ro te ins  provided tha t  c e r t a i n  
carboxy-terminal gD coding sequences were deleted. These cro-gD-&gal p ro te ins  accumulated as 
i n s o l u b l t  i n t r a c e l l u l a r  aggregates t o  l e v e l s  comprising approximately 10% o f  the t o t a l  c e l l  
p ro te in .  
herpes simplex type 2 i n fec t i ons  was tes ted  i n  an i n t rape r i t onea l  vacc inat ion/ le tha l  i n t r a -  
per i toneal  chal lenge model. Cer ta in  o f  these chimaeric p ro te ins  ( r e l a t e d  t o  gD-1 o r  gD-2) 
produced s i g n i f i c a n t  p ro tec t i on  i n  t h i s  model. Surpr is ing ly ,  Freund's complete adjuvant had a 
negative e f f e c t  on t h i s  protect ion.  
p ro tec t i on  e l i c i t e d  by chimaeric p ro te ins  i n  t h i s  model and serum antibodies as analyzed by 
neu t ra l i za t i on ,  imnunoprecipitat ion, and ELISA methodology. 

1. W. L. Chan. Immunology 49 (1983) 343. 
2. D. Long, T. J .  Madera, M. Ponce de Leon, G. H. Cohen, P. L. Montgomery, R. J .  Eisenberg. 

I n f e c t i o n  and Immunity ( I n  press) .  February 1984 issue. 
3. R. J. Watson, J .  H. Weis, J .  S. Salstrom, L. W. Enquist. Science 218 (1983) 381. 
4. J. H. Weis, L. W. Enquist, J .  S. Salstrom and R. J .  Watson. 

CLONING, EXPRESSION, AN0 IMMUNOLOGICAL PROPERTIES OF HERPES SIMPLEX GLYCOPROTE,IN 
D-RELATED RECOMBINANT PROTEINS, R. J .  Watson and L. W. Enquist, Molecular Genetics, 
Inc., 10320 Bren Road East, Minnetonka, MN 55343; R. J. White, C. J .  Heilman, C. P. 

Such cro-gD fus ion  prote ins were found t o  be 

The a b i l i t y  o f  p u r i f i e d  cro-gD-@-gal f us ion  prote ins t o  imnunize mice against  

No c o r r e l a t i o n  could be demonstrated between the 

N a t u r e s  (1983) 72. 
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1299 PROGRESS TOWARDS PREVENTION AND MODIFICATION OF HERPES GENITALIS BY VACCINATION, 
Gordon R.D. Skinner, Department of Medical Microbiology, University of Birmingham, 
UK 

This study describes the preparation and efficacy of inactivated vaccine AcNFUl (S-) MRC 
towards prevention and modification of herpes genitalis. Vaccine is prepared by high 
multiplicity infection of serum-starved human embryo lung cells (MRC-5) with type 1 herpes 
simplex virus. Cell nuclei are removed and the cytoplasmic extract treated with detergent 
and formaldehyde. 
precipitated by cold acetone. The vaccine contains a1 1 the virus polypeptides represented 
in virus-infected cells, including glytoprotein D which is consistently detected by imnuno- 
precipitation. 
indicate levels of below 5 ng o f  viral and 500 ng of cellular DNA in a standard vaccine dose 
(2 x 107 cell equivalents). There is evidence that the vaccine will protect a number o f  
animal species from primary type 2 herpes virus infection and reduce the incidence of herpes 
virus-induced cervical cancer in mice. 
patients : 

(1) 

Virus particles are removed by ultracentrifugation and virus proteins 

Virus particles are not detected and nucleic acid hybridisation studies 

Vaccination has been offered to two groups of 

Subjects at risk of the disease, namely, consorts o f  patients with recurrent herpes 
genitalis; in these patients the rate of transmission has been reduced from 30% in 
unvaccinated to <1% in vaccinated subjects during an 18 month period o f  follow-up. 

Patients who had experienced one clinical episode of herpes genitalis; 
patients vaccination has reduced the proportion of patients experiencing recurrent 
episodes of disease from approximately 90% in unvaccinated to 25% in vaccinated 
patients within one year of the initial clinical episode. 

(2) in these 

In a follow-up period of 3 years, there has been no evidence of significant local or general 
side-effects. 

It is intended to submit the findings to the scrutiny of a randomised placebo-controlled 
double-blind trial in collaboration with the Centre for Applied Microbiological Research, 
Porton Down, UK. 

A LIVE VARICELLA VACCINE. Michiaki Takahashi. Research 
Institute for Microbial Diseases. Osaka University. Suita, Osaka, Japan. lm 

A live varicella vaccine has recently been developed. Oka strain of varicella zoster 
virus(VZV) was attenuated by serial passage in human embryonic lung cells at 34°C followed 
by passage in guinea 
production of vaccinep) Vaccine virus differed from wild viruses in the following respects 
: First, the ratio of infectivity of vaccine virus in guinea pig embryo cells and human embryo 
cells is more than 10 times higher than that of wild viruses. Second. a distinct difference 
can be observed between vaccine virus DNA and that of wild-type viruses in the migrationpattern 
in agarose gel electrophoresis after digestion with HpaI endonuclease. The results of these 
two marker tests agreed well for all the ten isolates from vesicles of varicella or zoster 
that developed in vaccinees and the conclusions reached were consistent with the clinical 
diagnosis. 

children?? Approximately 1,500 children with underlying diseases including those who have 
been receiving steroid therapy have successfully been vaccinated with minimal clinical reactions. 
Among them, approximately 250 acute leukemic children have been vaccinated under the following 
conditions : 1)the patients should be in complete remission, 2)cell mediated immunity assessed 
by skin test with PHA or other regents in vivo or in vitro should be normal, 3)anticancer 
theraphy should be suspended 1 week prior to 1 week after vaccination with continuation of 
6-Mp treatment. Under the avobe conditions, clinical reactions were observed in 'about 20 
percent of the vaccinees but the symptoms were generally mild. Immune responses and protective 
effect have been satisfactory. 

In the follow-up study, incidence of zoster in the vaccinated leukemic children and in 
nonvaccinated leukemic children with a history of varicella, all receiving the same kind of 
chemotherapy were compared. In one study group,7 of 50 vaccinated children (14.OX)and 10 
of 59 nonvaccinated children(6.9X)developed zoster : the clinical symptoms were mild in all. 
In another study group,4 of the 44 vaccinated children(9.0%)developed mild zoster, while 8 
of 37 nonvaccinated children(21.6%)developed zoster, two of whom developed severe pain. 
Although the number of case is not large enough, there is no indication, at present, that 
immunization with the varicella vaccine would increase the frequency or severity of zoster 
in comparison with natural varicella. The current available data suggest that the live 
varicella vaccine will be a potent measure to prevent varicella in immunocompromized childre. 

1)Takahashi M. et al., Lancet 2 1288, 1974 
2)Takahashi M. et al., in"The Human Herpesviruses"edit. Nahmias A . S .  et al.Elsevier 1981 

ig embryo cells, which was then propagated in human diploid cells for 

The ost striking feature of the varicella vaccine is that it could be used to high risk 
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PREVENTION OF BUMAN CYTOMEGALOVIRUS DISEASE. Stanley A. P l o t k i n ,  In fec t ious  Diseases  
Div i s ion ,  Children's Hosp i t a l  of Ph i l ade lph ia ,  Ph i l ade lph ia ,  PA, 19104 

A v i r u s  i s o l a t e d  i n  WI-38 human embryo f i b r o b l a s t s  from t h e  u r i n e  of a congen i t a l ly  in fec t -  
ed i n f a n t  named Towne was passaged i n  WI-38 Tome v i r u s  125 t imes with 3 cloning8 by plaque 
i s o l a t i o n  be fo re  experimental  pools  were prepared f o r  use as an a t t enua ted  vaccine.  S tud ie s  of 
vacc ina t ion  i n  normal vo lun tee r s  showed t h a t :  1)Serologic  responses  t y p i c a l  f o r  primary in- 
f e c t i o n  appeared by t h e  4th week p o s t v a c c i n a t i o n ,  including ACIF, CF. and n e u t r a l i z i n g  
an t ibod ie s .  
i n  a l l  vaccinees .  These responses  were not  s t r a i n - s p e c i f i c ,  i .e . ,  an t igens  prepared from a l l  
l abo ra to ry  and wild s t r a i n s  t e s t e d  e l i c i t  p r o l i f e r a t i o n  of lymphocytes. 
from u r i n e ,  t h r o a t  s e c r e t i o n s ,  buffy c o a t ,  semen, o r  c e r v i c a l  s e c r e t i o n s  a f t e r  vacc ina t ion  of 
any normal s u b j e c t .  4)The on ly  c l i n i c a l  r eac t ion  was a l o c a l  erythema and indura t ion  a t  t h e  
i n j e c t i o n  s i t e  developing during the  2nd week post-vaccinat ion and then disappearing.  
5)Altered T c e l l  he lpe r l suppres so r  r a t i o s  o r  diminished Con A responses ,  which occur commonly 
i n  n a t u r a l  CMV i n f e c t i o n ,  d i d  not  develop. 

randomly d i s t r i b u t e d  t o  r ece ive  e i t h e r  vaccine or placebo 8 weeks o r  wre p r i o r  t o  t r ans -  
p l a n t a t i o n .  
formly as i n  normal s u b j e c t s ,  and t h e  responses  t h a t  d i d  occur were weaker. 

r e c i p i e n t s  (R) p r i o r  t o  vacc ina t ion .  
o r i g i n a l l y  seronegat ive r e c i p i e n t s  who received a kidney from a s e r o p o s i t i v e  donor. 
vacc ina t ion  s t a t u s  i n  t h i s  group of 32 p a t i e n t s  had no e f f e c t  on v i r u s  exc re t ion  
post- t ransplant  . 

When t h e  p a t i e n t s  i n  t h e  D+R- group were grouped i n t o  those who were asymptomatic a f t e r  
t r a n s p l a n t ,  those who had i l l n e s s e s  scoring 1-6. and those who had more severe i l l n e s s e s  with 
sco res  of 7 or  g r e a t e r ,  t h e r e  was a d i f f e r e n t  d i s t r i b u t i o n  i n  t h e  vaccinees  and placebo 
r e c i p i e n t s .  
of t h e  vaccinees  f e l l  i n t o  t h i s  group. 
The mean sco res  f o r  t h e  placebo group revealed an average of more than twice t h e  c l i n i c a l  sev- 
e r i t y  compared t o  t h e  vaccine group (5.67 v s  2.70, r e spec t ive ly ) .  

Towne vaccine d i d  not  prevent i n f e c t i o n  with CMV, but  d id  m i t i g a t e  the  d i sease  t h a t  
r e s u l t e d  from t h e  i n f e c t i o n .  Vaccinees who received a kidney from a seronegat ive donor d id  
not exc re t e  v i r u s ,  d e s p i t e  immunosuppression. 
planted wi th  a kidney from a s e r o p o s i t i v e  donor were shown by r e s t r i c t i o n  endonuclease 
a n a l y s i s  t o  be d i f f e r e n t  than t h e  vaccine s t r a i n .  
no a b i l i t y  t o  become l a t e n t  i n  t h e  vaccinee,  a t  l e a s t  i n  a complete genomic form. 

1301 

2)In v i t r o  lymphocyte p r o l i f e r a t i o n  responses  s p e c i f i c  t o  CMV an t igen  developed 

3)No CMV was i s o l a t e d  

A t r i a l  i n  r e n a l  t r a n s p l a n t  cand ida te s  (RTC) w a s  organized on a con t ro l l ed  b a s i s .  R K  were 

Serologic  and c e l l u l a r  immune responses  i n  vaccinated RTC d i d  no t  occur as uni-  

The f i r s t  91 p a t i e n t s  were analyzed by t h e  o r i g i n a l  s eo log ica l  s t a t u s  of donors (D) and 
The o v e r a l l  i n f e c t i o n  r a t e  was almost 100% i n  t h e  

The 

Whereas about ha l f  of t h e  placebo r e c i p i e n t s  had scores  of 7 o r  g r e a t e r ,  on ly  1 
This  d i f f e r e n c e  was s i g n i f i c a n t  a t  t h e  p=<.05 l eve l .  

CMV s t r a i n s  recovered from vaccinees  t r ans -  

Thus t h e  Tovne vaccine v i r u s  has l i t t l e  or 

Treatment of Herpesvirus Infections 

1302 BIOCHEMISTRY, PHARMACOLOGY AND CLINICAL EFFICACY OF ACYCLOVIR, Gertrude B. Elion,  

Acyclovir (9-(2-hydroxyethoxymethyl)guanine, ACV) i n  an acyc l i c .  nuc leos idq  analog with a 
high a c t i v i t y  and s e l e c t i v i t y  for he rpes  simplex v i r u s e s ,  t ypes  1 and 2 (HSV-1, HSV-2) and 
v a r i c e l l a  z o s t e r  v i r u s  (VZV). This  s e l e c t i v i t y  is d u e t o - k h e  specific phosphorylat ion OP 
ACV by t h e  v i r a l  thymidine kiMSeS induced by HSV-1, HSV-2 and VZV, a reaction not ca t a lyzed  
t o  any extent by c e l l u l a r  kinases .  The ACV monophosphate (ACV-MP) is converted t o  t h e  
t r i phospha te  (ACV-TP) which is a po ten t  i n h i b i t o r  of  t h e  v i r a l  DNA polymerases. The 
r e l a t i o n s h i p  between t h e  atnount of ACV-TP formed and t h e  i n h i b i t i o n  cons t an t  (K ) Por t h e  
p a r t i c u l a r  DNA polymerase is i n d i c a t i v e  of t h e  potency of t h e  effect of A h  on DNA 
r e p l i c a t i o n .  Although Epstein-Barr v i r u s  (EBV) does .not. spec i fy  its own thymidine k iMSe ,  
t h e  EBV DNA polymerase is extremely s e n s i t i v e  to even t h e  sma l l  amount of ACV-TP Pormed. 
Elctensive i n v e s t i g a t i o n  of t h e  fate of ACV i n  animals  and i n  man have shown that it is 
metabo l i ca l ly  s t a b l e ,  being exc re t ed  l a r g e l y  unchanged i n  t h e  ur ine.  The drug p e n e t r a t e s  
t i s s u e s  well and has  a plasma half-life i n  man o f  approximately 3 hours.  In  patients given 
ACV by intravenous in fus ion ,  t h e  concen t r a t ion  of drug i n  t h e  ce reb rosp ina l  f l u i d  has 
reached concen t r a t ions  one-half  t h e  plasma l e v e l s .  Oral' absorptfon oP*ACV is species-  
dependent.  In man t h e  o r a l  b i o a v a i l a b i l i t y  is approximately 20% a t  the rapeu t i c  doses.  ACV 
has  a very f avorab le  chemotherapeutic index and shows. l i b b l e  or  no t o x i c i t y  a t  c l i n i c a l l y  
e f f e c t i v e  doses.  The compound was non-carcinogenic- i n ,  11Pebime s t u d i e s  .in m d e n t s  and had 
no e f f e c t  on r ep roduc t ive  :processes or 1 p r e n a t a l ,  perinatal, or postnahal  development OP 
o f f s p r i n g  i n  rats,  , cabb i t s  and mice. I t  does no t  i n h i b i t  inmunological responses ,  of e i t h e r  
t h e  cell-mepjated or ant ibody type.  

ACV is highly e f f e c t i v e  as an ophthalmic ointment i n  t h e  t reatment  of h e r p e t i c  
k e r a t i t i s .  Treatment with a water-soluble  t o p i c a l  ointment of ACV reduced t h e  per iod of 
v i r a l  shedding, t h e  du ra t ion  of pain and the  t ime t o  hea l ing  i n  i n i t i a l  g e n i t a l  herpes  
i n f e c t i o n s .  In  r e c u r r e n t  g e n i t a l  herpes ,  t h e  o r a l  and intravenous forms of t h e  drug were 
more e f f e c t i v e  than t h e  t o p i c a l  t reatment .  Prophylaxis  with intravenous in fus ions  or with 
o r a l  ACV prevented r ecu r rences  of  HSV i n f e c t i o n s  i n  imunocompromised patients with bone 
marrow or h e a r t  t r a n s p l a n t s  as well as i n  p a t i e n t s  with f r equen t  episodes of g e n i t a l  herpes.  
The intravenous drug caused a more r ap id  dlSdppeaPanCe of viral shedding, a c u t e  pain and new 
l e s i o n  formation i n  HSV and VZV i n f e c t i o n s  i n  lmmunosuppressed ind iv idua l s ,  as well as i n  
normal p a t i e n t s  with he rpes  zoster. S tud ie s  are i n  progress  t o  s tudy t h e  e f f e c t  of ACV i n  
he rpes  e n c e p h a l i t i s ,  neona ta l  herpes  and severe mononucleosis. 

Wellcome Research Labs., Burroughs Wellcome Co., Research Tr i ang le  Park,  NC 27709 
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1303 
Prusoff, Deprtment of phanaacology, Yale University School of Medicine, New 

An understanding of the molecular basis for the antiviral activity of thoae 
canpounds that are clinically efficacious, not only is of importance for their 
intelligent use, tut also for the dwelopent of possibly more effective agents. 
As of today there are only four anupout& that have been a m w e d  by the R# for 
use against herpesvirus infections in man: 5-iod0-2~-deoxyuridine, 5- 
trifluoromethyl-Zl-deoxyuridine, 9-p-D-arabinof uranosyl adenine and 9-(2- 
hydroxyethoxymethy1)guanine. The molecular basis for their activity wffl be 

m e  a ~ o a c h s  
that have been made to circumvent these limitations as well as those aFaoacfies 
that may merit investigation will alao he disarssed. 

neferences 
1. Prusoff, W.H., Otto, M.J., Lin, T.-S., Mancini, W.R, Chen, LWS. and Lee, 

J.J. (1983). Present Status and Future Developaents in Antiviral 
Chemotherapy In "Medical Virology 11". Eds. LM. dela Maza and EM. 
Bterson, pp. 273-306. Elsevier Biomedicine, North Bolland, PJasterdena 

2. Prusoff, W.5, Lin, T.-S., Mancini, W.R, Otto, M.J., Siegel, S. and Lee, 
J.J. (In Press). Overview of the Possible Targets for Viral 
Chemotherapy. In "Targets for the Design of Antiviral Agents". Ed& R 
Walker and E. De Clercq. N?i!lO Advanced Study Institutes Series. 

3. Prusoff, W.B. and Otto, M.J. (1983). Problems in the Pharmacology and 
Pharmacokinetics of Antiviral& In 'Problems of Antiviral Iherapy". 
Beacham colloquium. Academic Press, Indoh 

MOLECULAR BASIS FOR TREATMENT OF EERPESVIRUS INFWXIONS, William B. 

Harenr CT 06510 

as well as the 1imitatFOns associated with their use 

1304 THERAPEUTIC POTENTIALS OF BROMOVINYLDEOXYURIDINE (BVDU) IN THE TREATMENT OF HERPES- 
VIRUS INFECTIONS, Erik De Clercq, Rega Institute for Medical Research, Katholieke 
Universiteit Leuven, B-3000 Leuven, Belgium. 

BVDU ((E)-5-(2-bromovinyl)-2'-deoxyuridine) is a highly potent and selective antiherpes 
agent. It is particularly active against herpes simplex virus type 1 (HSV-I), varicella-zos- 
ter virus (VZV) , pseudorabies virus, bovid herpesvirus type 1, herpesvirus platyrrhinae, and 
simian varicella zoster virus. Its minimal inhibitory concentration for these viruses falls 
within the range of 0.002 to 0.01 pg/ml. that is 10,000 fold lower than the concentration re- 
quired to affect normal cell metabolism. BVDU is also effective against herpes simplex virus 
type 2 (HSV-2), Epstein-Barr virus (EBV), and, according to s m e  studies, cytomegalovirus 
(CMV), but only at a concentration exceeding 1 pg/ml. Because of its discriminating behavior 
toward HSV-1 and HSV-2, BVDU can be advocated as a useful probe for the identification of 
HSV-1 and HSV-2 strains in clinical isolates. The selectivity of BVDU as an antiviral agent 
depends primarily upon a specific phosphorylation by the viral deoxythymidine (dThd) kinase 
which restricts the action of the compound to the virus-infected cell. The HSV-1 encoded dThd 
kinase is also endowed with dTMP kinase activity, capable of converting BVDU successively to 
its 5'-monophosphate and 5I-diphosphate. The HSV-2 specified dThd kinase would not be able to 
convert BVDU S'-monophosphate onto its 5'-diphosphate, and this may be related to the relati- 
vely weak activity of BVDU against HSV-2. The active form of B W U  would correspond to its 5'- 
triphosphate, and in this form it could act as both inhibitor and alternate substrate of the 
DNA polymerase. The antiviral action of BVDU may be primarily based upon its incorporation 
into viral DNA which would render the DNA more apt to degradation as well as less functional 
for transcription. Animal experiments have demonstrated the efficacy of both topical and sys- 
temic (i.e. oral) BVDU in the treatment of herpetic eye infections (keratitis, iritis), her- 
petic encephalitis, and cutaneous and orofacial HSV-1 infections. In monkeys BVDU has proven 
efficacious in the therapy of simian varicella virus infection, even if treatment was delayed 
until clinical symptoms appeared. From phase I trials in humans BVDU appears to offer great 
promise for the topical treatment of herpetic keratitis (if administered as 0.1 % eye drops) 
and for the systemic treatment of severe HSV-1 and VZV infections in imunocompromised pa- 
tients, including bone-marrow recipients and leukemic children (if administered orally at 7.5 
mg-15 mg/kg/day for 5 days). In the majority of the patients treated orally with BWU, the 
VZV infection, whether varicella or zoster, or localized or disseminated, was arrested within 
2 - 3 ,  if not 1 day, after BVDU treatment was started. The absorption of BVDU following oral 
administration is virtually complete, but the compound is rapidly degraded by phosphorolytic 
cleavage to its free base, BVU ((E)-5-(2-bromovinyl)uracil). This rapid degradation may ob- 
viously alter the clinical efficacy of BVDU. Measures have been devised to prevent or reverse 
the conversion of BVDU to BVU. 
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STRATEGIES FOR TREATMENT OF HUMAN HERPESVIRUSES, Thomas C.Merigan, M.D. 
Stanford University School of Medicine Stanford, California 94305 

Today there a r e  a number of human herpesviruses, in which acute  chemotherapy or 
prophylaxis can be achieved with either substituted pyrimidine nucleotides or immunobiologics. For 
example, either zoster immune globulin or cytomegalovirus hyperimmune globulin can prevent initial 
infection in high risk susceptables. It seems likely that  such reagents will ultimately be replaced by one 
or a combination of appropriate human (or mouse) monoclonal antibodies. Natural alpha interferon 
protects against CMV reactivation in renal transplant patients and be used therapeutically in both 
varicalla and zoster infections in immunosuppressed individuals. Several substituted pyrimidine 
antagonists have been shown to be useful therapeutically in varicella zoster and herpes simplex 
infections including adenine arabinoside and acyclovir and bromovinyldeoxeuridine is promising. Other 
than the  recent information that  acyclovir, when used in t reatment  of initial herpes genitalis decreased 
incidence of recurrences, there is no evidence these agents will prevent the long term course of these 
infections including colonization of ganglia and subsequent potential for recurrence. On the  other hand, 
cellular events seem to be important in the genesis of viral reactivation. Hence, immune prophylaxis 
which could be given at any t ime might be more practical than agressive early treatment.  Our recent 
findings suggest t ha t  gamma interferon producing helper T cells play an important role in recurrent 
herpes labialis. Interleukin 2 and other immune regulators which have become available from 
biosynthetic sources a r e  therefore important t o  evaluate for their influence on selectively driving 
lymphocyte subpopulations that  a r e  crucial in modulating clinically apparent sequalae of herpes simplex 
reactivation. I t  is even possible tha t  combinations of specific immunotherapy with clinical antivirals will 
provide long term, specific control over herpesviral disease. 
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Pathogenesis and Latency 

1306 TRANSFER A N D  PERSISTENCE OF VIRAL ANTIBODY PRODUCING CELLS IN BONE MARROW TRANSPLANTA 
TION, B r i t t a  Wahren, Annika Linde, Per Ljungman and Vivi-Anne Sundqvist ,  National 
Bac te r io log ica l  Laboratory and Huddinge Hosp i t a l ,  Stockholm, Sweden 

Ant iv i r a l  humoral r e a c t i v i t y  was s t u d i e d  a f t e r  bone marrow t r ansp lan ta t ion .  An t iv i r a l  IgG de- 
termined by monoclonal inmunoassays and r e f l e c t i n g  t h e  presence o f  functional 8 - c e l l s ,  was 
found for a s u b s t a n t i a l  t ime a f t e r  t r a n s p l a n t a t i o n .  However, most p a t i e n t s  unexpectedly ceased 
t o  produce ant ibody after an extended per iod of observat ion (73-12 months). This  was so,  
whether t h e  v i r a l  r e a c t i v i t y  was o f  donor or r e c i p i e n t  o r i g i n .  The t r a n s f e r r e d  v i r a l  antibody- 
producing cells thus usua l ly  p e r s i s t e d  f o r  only a moderate l eng th  of time and seemed t o  have 
a finite l i fe .  The f ind ings  i n d i c a t e  t h a t  both donor and r e c i p i e n t  memory c e l l s  a r e  suscept-  
i b l e  t o  t h e  condi t ioning and/or  pos t - t r ansp lan ta t ion  t reatment .  In a few cases  t r a n s f e r r e d  
imnunity of long du ra t ion  was seen, i n d i c a t i n g  occasional  engraftment o f  memory c e l l s .  

ZOSTERIFaRM SPREAD OF HERPES SIMPLEX VIRUS AS A MODEL OF ?HE RECRUDESCENT LESION : 
STUDIES ON THE PATHOGENESIS AND IMMUNE REGULATION OF 'RECRUDESCENCE' 1307 
Anthony Simmons and Anthony A. Nash, Cambridge University Dept. of Pathology CB2 1QP 

When inoculated into the midflank of certain strains of mice, BSV replicates in the skin 
and also spreads to the sensory ganglion supplying the dermatome. 
skin along different axons results in an ipsilateral, band-like, zosteriform eruption. The 
emergence of virus into normal epidermia via nerves is analogous to the final step in 
recrudescence, and forms a useful model in which to study immune processes acting upon virus 
reaching the skin in this way. 
immunity in an adoptive transfer system. The results indicate that 'recrudescent' lesions 
appear in the presence of T-cell populations normally associated with rapid clearance of virus 
from the site of infection. Cytological studies show that virus is at first highly localised 
in the epidermis. In the absence of tissue damage 'inanune' cells are not recruited to the 
site of infection. Once cell breakdown occurs,inflammation, and subsequently a mononuclear 
infiltrate, can be seen. In contrast we find that certain monoclonal antibodies are able to 
suppress the re-emergence of virus frcm the nervous system, and thus protect against the 
development of a lesion, provided that they are present before the zosteriform eruption occurq 

lesion and the relative roles of cell mediated and humoral iamunity in its prevention. 

Return of virus to the 

We have investigated the effect of both cellular and humoral 

We therefore present a model in which to study both the pathogenesis of the recrudescent 
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Iontophoresis(1onto) of 6-hydroxydopsmine(6-W) to the rabbit eye, followed by topical instil- 
lation of 2% epinephrine(EPI), induces ocular shedding of ESV-l reliably and with a high fre- 
quency in latently infected rabbits. Rabbit eyes were inoculated with ASV-1 (Mclclcrae strain), 
'showed dendritic lesions indicative of acute HSV infection, and subsequently shed virus spon- 
taneously at least once during 20 to 40 days postinoculation (P.I.). "0 Ionto conditions 
were employed. Group A (4 rabbits, 63 days P.I.) received Ionto of 1.06 6-HD at 0.75 ramps 
for 3 min. Group B (4 rabbits, 65 days P.I.) received Iohto of 0.12 6-AD at 0.5 mampe for 
8 min. 
mice daily for 4 consecutive days. In group A, 886 (7/8) of the eyes shed vinur. The aver- 
hge duration of shedding was 3.6 days. 
12.0 to 7.7 x lo4 PFU/eye. 
kn group B, 75% ( 6 / 8 )  of the eyes shed virus. 
U'he viral titer of the ear film ranged frcm 2.0 to 1.4 x 10 PFU/eye. 
iverage titer, 4.2 x 10 PFU/eye, also occurred on day 6. There was no statistical difference 
*n the kinetic and quantitative results of HSV-1 shedding between the two Ionto conditions. 
Fhe production of ocular adrenergic supersensitivity provides a shedding model which is aim- 
eler and more reliable than adrenerqic stimulation alone (i.e., EPI Ionto daily for 3 days). 
Chis new model for viral reactivation and induction of HSV-1 ocular shedding should assist in 
the elucidation of mechanisms associated with RSV-1 latency and reactivation. The ability to 
nuantit& HSY-1 sheddincr SMS nnnther the usafulnass d +his mhl- 

KINETICS AND QUANTITATION OF I N D m D  HSV-1 OCULAR SHEDDING. J.M. Hill, J.B. Dudley, 
Y. Shimomura and L.P. Gangarosa. Medical College of Georgia, Augusta, Ga 30912. 

Following Ionto treatnent, 2% EPI was instilled thically once on the d ~ y  of Ionto and 

The titers, determined frccn the tear film, ranged from 
The highest daily average, 1.6 x lo4 PFU/eye, occurred on day 6. 

The average $ration of shedding was 5.5 daya. 
The highest daily t 

1309 MURINE CYTOMEGALOVIRUS (CMV) INFECTION OF THE EYE, James F. Bale, Jr., Marsha U'hleil, 
R. Nick Hogan and Earl R. Kern. University of Iowa. Iowa City, IA 52242 

Infection with human CMV has been associated with several ocular disorders. These occur m s t  
commonly as a result of congenital CMV Infection. but can accompany acquired infections, 
particularly in immunosuppressed patients. To study CMV infection of ocular structures. three 
week old Swiss-Webster mice were inoculated ip with 2 x 104 plaque forming units (pfu) of 
murine CMV (MCMV), a 0 to 20% lethal inoculum. 
tissues 3, 5 and 7 days after infection. Peak virus titers, mean of 2.93 t 0.67 log pfu of 
MCMV per gm of ocular tissue, occurred on day 5. In addition, MCMV was isolated from eye or 
optic nerve explant cultures obtained 14, 21, 60, 90 and 120 days after infection. Isolation 
of MCMV from explanted tissues was confirmed by immunofluorescence staining and transmission 
electron microscopy. MCMV was also recovered from intraocular fluids 4. 7, 9, 11, 14, 21, 60 
and 90 days after ip infection. Intraocular fluid infection occurred most frequently 011 days 
11, 14 and 21. when MCMV was recovered from 14 of 17 animals (82%). Peak titer of MCMI.  mean 
of 2.30 2 1.65 log pfu of MCMV per ml of intraocular fluid. was observed on day 21. 
microscopic studies on days 14 and 21 disclosed mild inflammatory changes st the angles of the 
anterior chamber in occasional animals. 
ocular tissues of mice during acquired systemic MCMV infection and indicate that MCMV persists 
in ocular structures for as long as 120 days. These studies should be directly relevant to 
ocular disorders which occur during acquired CMV infections of humans and suggest that ocular 
tissues may be a site of CMV persistence or latency. 

MCMV was recovered from homogenates of eye 

Light 

These experiments demonstrate that MCMV infects the 

1310 LATENT HERPES SIMPLEX VIRUS INFECTION OF ME BRAIN TRIGEMINAL AND OLFACTORY SYSTEMS. 
W.G. Stroop, VA t k d i c a l  Center and Univ. o f  Utah Medical School, S a l t  Lake C i t y .  UT; 

D.L. Rock, Iowa State Univ., k s ,  10; N.W. Fraser, The Wistar I n s t i t u t e .  Phi ladelphia, PA 

i n f e c t i o n  o f  sensory ganglia. However, i t  has on ly  been recent ly  shown t h a t  HSV-1 can estab- 
l i s h  a l a t e n t  i n f e c t i o n  o f  the bra in .  
pared by n ick t r a n s l a t i o n  o f  v i r i o n  DNA t o  b r a i n  and gangl ion ic  t issues i n  s i t u .  
nique allowed us t o  observe the spread o f  HSV-1 from a per iphera l  s i t e ,  % e x ,  t o  the gang- 
l i on ,  and subsequently t o  the bra in .  Forty-three i n fec ted  mice representing the  acute and 
l a t e n t  stages o f  i n f e c t i o n  and 15 uninfected mice were examined. During the acute phase, 
both HSV-1 DNA and RNA were detected i n  the  nuc le i  and cytoplasm o f  ce l l s ,  b u t  on ly  HSV-1 RNA 
was detected dur ing latency. 
c e l l s  i n  the t r igeminal  ganglion, cerebral cor tex and i n  the sensory po r t i on  o f  the tr igemin- 
a1 system i n  the pons-medulla dur ing the acute phase, b u t  on ly  i n  neurons dur ing the  l a t e n t  
phase. 
nucleus o f  the t r igeminal  system. 
entorh ina l  cortex, parahippocampal gyrus and/or hippocampus consequent t o  an advent i t ious i n -  
f e c t i o n  o f  the nasal mucosa. 
l a t e n t l y  i n fec ted  neurons might be r e l a t e d  t o  the  pathogenesis o f  herpes encephal i t is  of 
human adul ts .  

I t  has long been known t h a t  herpes simplex virus, type 1 (HSV-1) can es tab l i sh  a l a t e n t  

This tech- 
We hybr id ized a %labeled HSV-1-specific probe pre- 

HSV-1 nuc le ic  acids were found i n  neurons and small support ing 

Latent HSV-1 was detected predominantly i n  the  descending nuc le i  and mesencephalic 
Latent HSV-1 was a l so  discovered i n  the o l fac to ry  bulb, 

These studies ra i se  the p o s s i b i l i t y  t h a t  reac t i va t i on  of these 

182 
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*Scripps Clinic and Research Inst., La Jolla, CA and #University of California, San Diego, CA. 

are a model for a latent infection. Here we report that undifferentiated cells infected with 
HCMV produced a high amount of viral RNA which was retained in their nuclei. Undifferentiated 
cells were separated into nuclear and cytoplasmic fractions with NP-40 at 16 hrs after infec- 
tion with MCHV. RNA was isblated from the nuclear fraction by homogenization with guanidinium 
thiocyanate and centrifugation through CsCl. 
fraction. Uninfected cells and control positive mouse embryo cells were processed similarly. 
The RNA samples were dotted onto nitrocellulose membranes and hybridized with recombinant DNA 
fragments of the HCMV genome. Using probes representing most of the HCMV genome, the nuclear 
fraction but not the cytoplasmic poly A+ fraction from the undifferentiated PCC4 cells con- 
tained viral RNA. In contrast, in MCHV-infected mouse embryo cells, the cytoplasmic poly A+ 
fraction contained more viral RNA than the nuclear fraction. These results show that produc- 
tively infected mouse embryo cells quickly transport MCHV RNA from the nuclei to the cyto- 
plasm resulting in low steady-state levels of virus RNA in the nuclei. In contrast, HCMV- 
infected undifferentiated cells did not transport viral RNA to the cytoplasm and showed a high 
steady-state level of viral RNA in their nuclei. The block in the nuclear-to-cytoplasm trans- 
port of MCMV KNA may be due to a defect in viral RNA processing (splicing) of viral RNA. 

BLOCK IN THE TRANSPORT 0F"MURINE CYTOHEGALOVIRUS (MCHV) RNA IN LATENTLY INFECTED 
UNDIFFERENTIATED CELLS Frank J. Dutko, Michael B.A. Oldstone*, Jeff R .  Marksf, John 

A. Mercer# and Deborah Spectork, Sterl ing-Winthrop Research lnst itute, Rensselaer, NY, 

We have previously shown that undifferentiated mouse PCE4 cells infected wlth MCMV 

Poly A+ RWA was isolated from the cytoplasmic 

We 
a L L u n e d ~ e x a m h b 5 ~ ~  

1312 
It has been shown that within one week after inoculating HSV-1 into the anterior chamber of 
m e  eye of a BfiB/c mouse an acute destructive inflammatory reaction develops in both the in- 

MOLECULAR ASPECTS OF HERPES SIMPLEX VIRUS TYPE 1 (HSV-1) INDUCED RETINITIS, Sally S. 
Atherton and J. Wayne Streilein, UT Health Science Ctr, Dallas, Texas 75235 

d and the uninjected eye. 
a of that eye is spared; surprisingly, the opposite pattern of destruction (retina de- 
ed, cornea spared) is seen in the uninjected (contralateral) eye even though the virus 

Since the retina of the injected eye is spared from destruction, we pro- 
that a local factor(s) is produced within the injected eye to protect the retina. 
insight into the virus-dependent aspects of this pathology, we have examined the post-in- 
Eion distribution of HSV-1 quantltatively through time. 

into the anterior chamber of one eye, animals were sacrificed and total DNAAtaS 
cted f # m  both optic nerves, the optic chiasma, trigeminal ganglia, brain, lenses, and 

anterior and posterior halves of each eye of each animal. The DNAs were quantitated,dot- 
lotted, and hybridized with nick-translated HSV-1 DNA. 
ignificantly more viral DNA was present in the posterior half of the uninjected eye than in 

The cornea of the injected eye is destroyed completely but the 

ads to this eye. 
To 

At intervals after inoculating 
TCID 

By 10-14 days after inoculation, 

the corresponding portion of the injected eye. These data suggest that viral replication may 
be responsible in part for the retinal destruction observed in the uninjected eye and that 
continuing replication of the virus in the injected eye is down-modulated in situ by a speci- 
fic factor such as interferon or defective-interfering particles. 
EY 05165) 

(Supported by USPHS Grant 

1313 EXPRESSION O F  HERPES SIMPLEX VIRUS (HSVMPECIFIED DNA-BINDING PROTEINS IN 
$PIDERMOID C A R C I N O M A  OF THE GENITALIA, Gordon R. Dreesman, Kenneth L. Powell, 
Dorothy J.M. Purifoy, David L. Bronson, Valda N. Kaye, Elwin E. Fraley, Ervin Adam, Raymond H. 
Kaufman, Joseph L. Mehick; Baylor College of Medicine, Houston, TX 77030; University of 
Leeds, Leeds, UK; University of Minnesota Medical School, MiMeapoliS, MN 55455 

Cancers of the cervix, vulva and penis are similar in that they are epidermoid (squamous cell) carcinomas 
of the genitalia. An association of these tumors with prior HSV infections has been made on the basis of 
Jeroepidemiological data. Previously w e  reported that an HSV-specified DNA-binding protein, infected- 
cell-specific protein 34/35 (ICSP34/35), is expressed in tumor tissue derived from women with cervical or 
vulvar carcinoma. This antigen was detected in the cytoplasm of the tumor cells by utilizing'a rabbit 
polyclonal anti-ICSP antiserum. In this study we have extended this earlier observation and have found, 
by indirect immunoperoxidase staining, ICSP34/35 in tumor tissue from 5 of 6 men with epidermoid cancer 
of the penis. The identity of the antigen(s) was investigated with a panel of monoclonal antibodies 
prepared to ICSP34/35. The 5 tissues that reacted with the polyclonal antibody also gave a positive 
reaction with 2 of the 6 individual monoclonal antibodies tested. However, the pattern of the monoclonal 
reactivity differed in that small dots of staining were noted in the nucleus. These two monoclonal 
preparations had previously been shown to specifically react with an HSV-encoded alkaline nuclease. The 
nuclear reactivity detected with these monoclonal preparations also was noted in tumor tissues derived 
from the cervix and vulva. 
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1314 MODIFICATION OF HERPES SIMPLEX VIRUS (HSV) PATHOGENICITY IN MICE BY INJECTIONi 
OF ANTI-IDIOTYPE ANTIBODIES, Ronald C. Kennedy and Gordon R. Dreesman, Baylor College, 
of Medicine, Houston, TX 77030 

The in vivo administration of anti-idiotype antibodies followed by exposure to antigen has led to  
suppression of the idiotype (ID) associated immune response in some systems, while an enhanced response 
has been reported for others. W e  have previously prepared rabbit anti-ID t o  a number of IgM monoclonal 
antibodies to  HSV type 2. BALB/c mice were injected with a pool of alumprecipitated affinity-purified' 
anti-ID antibodies prepared to three individual IgM anti-HSV2 monoclonals. Control groups were inoculated 
with one of the following: pre-inoculation rabbit IgG, anti-ID to anti-hepatitis B surface antigen (anti- 
HBO), or saline. Fourteen days later all mice were challenged with an LDSO of HSV2 by the intraperitoneal 
route. M i c e  that had been exposed to the anti-ID reagent specific for anti-HSV had a significantly shorter 
mean survival time (8.8 days) than that  of the control groups (17.4-18.1 days, p < 0.005). This decrease in 
survival time was dosedependent in that the effect was not noted by administration of less than 5 pg of 
anti-ID per mouse. These &ervations indicate that immune mechanisms to  a lethal challenge of HSV2 in 
mice can be altered via an ID-anti-ID network, thereby increasing the apparent pathogenicity of HSV 
infection. 

1315 HLMUI CYTOWEGALOVIRUS LATENCY: AN I N  VITRO MODEL, Linda J. Bucher, Brian Wigdahl, 
and Fred Rapp, The Penn. S t a t e  Univ. Col. of Med., Hershey, PA 17033 

The in te rac t ion  of human cytomegalovirus ( H M V )  with permissive human embryo lung 
(YL-F) c e l l s  r e s u l t s  i n  the sequent ia l ly  ordered expression of the  v i r u s  genome; produc- 
t i o n  of immediate-early, e a r l y ,  and l a t e  v i rus-spec i f ic  polypeptides; generation of 
in fec t ious  progeny v i rus ;  and ul t imately,  i n  c e l l  death. As a consequence of more l imited 
expression of the  v i r u s  genome, determined, i n  p a r t ,  by the nature  of the host  c e l l ,  H M V  
in fec t ion  slay a l s o  r e s u l t  i n  transformation of the host  c e l l ,  v i rus  pers is tence,  o r  v i r u s  
la tency.  
designed an i n  v i t r o  model i n  which HMV was maintained i n  a noninfectious form i n  HEL-F 
c e l l s  f o r  8 days by increasing the  incubation temperature from 37 t o  40.5'C a f t e r  a 
14-day treatment with human leukocyte in te r fe ron  (IFN-a) and acyclovir  (ACV). 
report  a longer combined i n h i b i t o r  treatment t h a t  extends the la tency i n t e r v a l  thereby 
f a c i l i t a t i n g  the ana lys i s  of the  l a t e n t  s t a t e .  
(200 IU/ml) and ACV (300 pM) were infec ted  with HMV (0.1 PFU/cell) and t rea ted  f o r  23 
days a t  37OC with the same i n h i b i t o r  combination. 
removal of  i n h i b i t o r s  and during an 80-day incubation a t  40.592; no HMV ant igens were 
detectable  during t h i s  period. 
of the  c e l l s  a f t e r  i n h i b i t o r s  were removed contained a v i r u s  genome t h a t  could be reac t i -  
vated; t h i s  value decl ined t o  0.001% a f t e r  50 days a t  40.5"C. 
la tency i n t e r v a l  w i l l  permit the charac te r iza t ion  of the  HMV genome during la tency and 
rraainiltinnafitbrOleiD- 

As one approach t o  de l inea te  the mechanism of H U W  latency i n  vivo, we i n i t i a l l y  

We now 

HEL-F c e l l s  p re t rea ted  with IFN-a 

Infect ious HMV was undetectable a f t e r  

As determined by infec t ious  center  analyses, 0.3 t o  0.5% 

The extension of the 

1316 JDENTIFICATION BY IN SITU CYTOHYBRIDIZATION OF HUMAN CELLS INFECTED WITH HCMV, 
U . R .  McCarrey, M.A. Churchill,  M.W. Welsing, J.A. Zaia, and A.D. Riggs, 
Beckman Research I n s t i t u t e  and Medical Center of the City of Hope, Duarte, CA 91010. 

Human c e l l s  infected w i t h  Towne strain hman cytomegalovirus (HCMV) were ident i f ied  by i n  situ 
Eytohybridlzation w i t h  a 32P-labelled HCMV genomic clone. T h i s  clone contains a portion of the 
coding sequence for  an HCMV-specific glycoprotein (HCMV-gp64) (Pande, et al.,  1983) which is 
expressed i n  high abundance during the l a t e  s tages  of HCMV-infections monitored i n  vi t ro .  
I n i t i a l l y  the effect iveness  of the i n  situ cytohybridization technique was demonstrated on 
nman foreskin f ibroblas t  c e l l s  maintained i n  cu l ture  and infected w i t h  HCMV i n  vi t ro .  A com- 
parison of r e s u l t s  i s  presented which demonstrates the s p e c i f i c i t y  of the HCMV-gp64 probe t o  
such i n  v i t r o  infected c e l l s  versus similar uninfected control ce l l s .  Subsequently this tech- 
nique was shown t o  be e f f e c t i v e  on sect ions of lung tissue taken a t  autopsy from bone marrow 

t CMVgp-64 probe hybridizes spec i f ica l ly  t o  HCMV-infected lungs. The a v a i l a b i l i t y  of a probe 
t o  a gene for  which both the  time o f  expression and the function of the product a re  known 

In addi t ion 

ransplant patients who had died from HCMV pneumonia. 

rovides an extremely valuable tool. 
robes of known ear ly  genes t o  fur ther  de l inea te  the  process of HCMV infect ion.  
onoclonal antibodies t o  HCMV-gp64 a r e  being used t o  analyse expression of this gene a t  the 
ro te in  leve l ,  thus affording a comparison of regulation mechanisms operating a t  the t ranscr ip-  
ional versus post- t ranscr ipt ional  levels .  As demonstrated here, the use of i n  s i t u  cytohybri- 

Results are presented t o  show t h a t  the 

These r e s u l t s  will be compared w i t h  those obtained from E e 
Pizat ion f a c i l i t a t e s  these analyses i n  vivo. and allows a simultaneous analysis  of and 
bwdatbPdthtkohWopathologyafthe- tissue 
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1317 REDUCED CYTOMECALOVIRUS (CMV) RESPONDER T CELL FREQUENCY IN CONGENITAL 
CMV INFECTION. 
Denver, CO 80262 

Anthony Hayward and Myron Levin, University of Colorado, 

I n f a n t s  wi th  congenital CMV excrete the  v i rus  for long periods but t h e i r  lymphocytes 
show l i t t l e  i n  v i t r o  pro l i fe ra t ive  response to CMV antigen. We investigated t h e  bas i s  for 
t h i s  lack of response using l imi t ing  d i lu t ion  cu l tures  to enumerate CMV-specific responder 
T cells i n  blood from adul t s  and from i n f a n t s  with congenital/neonatal CNV infect ion.  ?he 
CMV a n t i g e n  was prepared from i n f e c t e d  HELF cells and s t i m u l a t e d  a '  D R - r e s t r i c t e d  
p r o l i f e r a t i v e  response  by T4+ cells. I m n e  (antibody pos i t ive)  adul t s  had 1:10,000 - 
1:28,000 CMV-responsive T ce l l s  whi le  t h e  frequency i n  ant ibody n e g a t i v e  a d u l t s  was 
<l:3OO,OOO. The infected infan ts  a l l  had anti-CMV IgM ant ibody but  t h e i r  responder  T 

ce l l  frequency was < 1:60,000. Normal responses to PHA and to al loant igen by lymphocytes 
from the  infected i n f a n t s  excluded g l o b a l  immunosuppression as an explanation for  t h i s  
defect .  Defective handling of CMV antigen by t h e  infan ts '  mnocytes was a l s o  excluded by 
showing t h a t  these cells could present CMV antigen to  maternal CMV-specific T cell b las t s .  
One infant  had a severely depleted T4+ subset  a s  a possible factor  contr ibut ing to the low 
responder  c e l l  f requency but  i n  the  remainder the  T4+ subset was not reduced though the  
T8+ cells were increased. Our r e s u l t s  sugges t  t h a t ,  fo l lowing  congenital/neonatal CMV 
in fec t ion ,  the  v i rus  specific T4+ response  e i t h e r  f a i l s  c e n t r a l l y  or it is suppressed 
per ipheral ly .  

1318 DISSOCIATION BETWEEN IN-VITRO AHTIB3DY PRODUCTION AND T-CELL PROLIFERATION To HERPES 
SIMPLEX VIRUS I N  IMMUNOSUPPRESSED PATIENTS, Pa t r ick  Tel lez ,  Lorr ie  Odom and Anthony 
Hayward, National Jewish Hospital, The Children's Hospital and University of Colorado 
Medical Center, Denver, CO 80262 

Chi ldren  r e c e i v i n g  ant i - leukemic therapy  o f t e n  become suscept ible  to severe herpes 
virus  infect ion.  To inves t iga te  lymphocyte func t ion  i n  this s e t t i n g ,  we studied lymphocytes 
from ALL pa t ien ts  i n  f i r s t  remission, and receiving maintenance chemotherapy, for  t h e i r  HSV- 
s p e c i f i c  responder cell frequency (RCF) by l imi t ing  d i lu t ion  assay and t h e i r  in-vitro ant i -  
HSV antibody production using a cell cu l ture  and.ELISA technique developed f o r m r p o s e .  
Concurrently, we determined t h e i r  serum anti-HSV ant ibody t i t e r s  and t h e i r  lymphocyte 
response to  PHA. In  contrast  with normal seroposi t ive people tes ted ,  patients were fwnd to 
lack a cor re la t ion  between RCF (range 1:7800- 1:60,000) and in-vi t ro  antibody production. 
Both normals and p a t i e n t  donors  s e r o n e g a t i v e  for anti-HSV a n i h a d  low RCFs and no 
i n - v i t r o  an t ibody s y n t h e s i s .  Among t h e  s e r o p o s i t i v e  p a t i e n t s ,  a l l  immune parameters  
measured v a r i e d  independent ly  of one another. This suggests t h a t  the  T-cell help involved 
in antigen-specific pro l i fe ra t ive  responses can be impaired independently of T-cell help for 
spec i f ic  antibody production and t h a t  diminished PHA responses  need not  i n f l u e n c e  e i t h e r .  
The p r e v i o u s l y  observed paradox of preserved  humoral immunity i n  t h e  f a c e  of impaired 
c e l l u l a r  immme hnct ion  may be due,  i n  p a r t ,  t o  a d i f f e r e n t i a l  s e n s i t i v i t y  between those 
T-cells which may p r o l i f e r a t e  i n  cu l ture  and those which may provide help for B-cells, when 
subjected to  t h e  chemotherapy or radiat ion In treatment of ALL. 

' m Y o F A s s o c I A T I c N w ~ s ~ ~ ~ m ~ ~ G u  1319 
* ~ ~ K B E N  EWOSED 'I0 DIELI- (IXS) IN m. Esvln Adam. Karen 

Adler-Storthz, Raynud H. Kauhn,  Joseph L. &hick and Gordon K -, Baylor College 
of kdicine, Houston, TX 77030. 

DES in utero, were periodically 
of f ? 5 e ~ z g h t  years. llle l3ocvxmtab  included, in addition to data pertbent to the DES 
study, h i s  
tween -'TZs- visit. A blood smple was &am at the tim? of en- & periodically 

plash of different grades during the & s e r v a t i c ~  period. Each of these m was matched by 
wether DEs v e d  wnxp by method of anollment, age d tinr uf en- into the study. 'Ihe 
senm sanples f r a n  the case-cmml groups were tested for antibodies to HSVl and HW2 by the 
micnneutralizatim test as w e l l  as by the MICIMSPIRA test us- (1) major glrcopmteins, 
Wl23 for HSVl and W119 for HSV2, and (2) wfiole virus as ccia- antigens, respectively. 
There were M s&lificant differares &served between wpw w i t h  cervical neoplasia d wxim 
in the cam-01 group, either in the initial or in mbsequent sera for dewbpwnt of wti- 
bodies to Hsv2 s t n r t u r d  proteins. zhis observation is mt t o m y  Inexpected since 1) we 
have dennstrated HSV wn-stnrtural. proteins in genital t u r m s  w i t h  abs- of circulating 
Hsv antibodies Wd 2) we have previously fkte2ted senm antibcdy to Hsv m-structural pro- 
teins inwxiEflwith cervical calcer. 

Nine lwndred'fifty ninewomen of dddle or upper s- backgromd, V S e d  to 

of apparent oral and genital herpes before arallment inm the study d be- 

for developrpnt of cervical neoplasia during a period 

for &sequent S-logical studies. 'Itsuenty--eight w~men develq?ed biapsy-gmven cervical n e ~ -  
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1320 CYTOMEGALOVIREMIA IN HEALTHY ASYMPTOMATIC PREGNANT ALWLESCENTS, D. J. Lang, J.F. 
Kummer, S. Zweig and M.J. Lang, City of Hope Medical Center, Duarte, California 91010 

Based upon clinical observations it has been deduced that human cytomegalovirus ( H M V )  
may be transmitted with blood. It has been estimated that approximately 5% of healthy 
individuals are asymptomatic carriers of E W  in blood. Although isolation of this virus 
from blood is relatively easily accomplished in immunosuppressed individuals or from 
those with symptomatic BMV-associated clinical conditions, efforts to recover virus 
from the blood of asymptomatic healthy carriers have been largely and repeatedly 
unsuccessful. Only one report has documented viremia in healthy individuals (in 1969 
Diosi and associates reported recovery 0f.HCMV from blood in 2 of 35 blood bank donors). 

In the course of studies of healthy pregnant teenagers in North Carolina and in 
Maryland, H M V  was recovered from the blood in 5 of 96 ahd 2 of 41 subjects respectively, 
or 5% in each population. There was;no demonstrable association with prenatal transmission 
of H M V  (which occurred frequently in the North Carolina study) with subject well-being 
or with any recognizable aspect of the course and outcome of pregnancy. 

The risk of H M V  reactivation in young pregnant women may relate to gestational and 
endocrine factors. In addition it is possible that, as in the case of Herpesvirus hominis, 
reactivation of H M V  occurs most frequently soon after primary infection and that in 
general the risk of reactivation and transmission of this virus may be inversely related 
to the age of the donor-host at the time of virus acquisition. These observations may 
assist in defining risk factors for transfusion-related transmission as well as for 
reactivation and prenatal acquisition of HCMV. 

191 ANTIBODY TO HERPES S I M P I 4  VIWS TYPE-1 ANp SURVIVAL OF P A T I F  WITH CWAL CANCER 
E.J.Shillitoe, D-Greenspan , J.S.Greenspay and S . S i l v e m  Jr . Dept. of Micro- 

biologv, U. of Texas Dental Branch, Houston and Dept. of O r a l  Medicine, U. of California 
Dental school, San Francisco. 

Earlier studies shared that patients with untreated squamms ce l l  carcinoma of the mmth have 
higher levels of antibody t o  Herpes simplex virus Bp-1 (HSV-l), as measured by an ELISA, 
than matched controls. The 70 patients in  those studies were entered into a long tern 
survival study and survivors have now caupleted four t o  five years. Patients with higher 
than the median level of I& antibody t o  W-1 had a five-year actuarial survival of 7 6  
while those with I& antibody below the median had a five-year survival of 44%. The reverse 
was seen with I g M  antibody t o  W-1 in tha< patients with levels above the median had 
actuarial survivals of of 56% while t h e  with antibody below the median had actuarial 
survivals of 81%. No relationship was seen between high or low Levels of I@ antibody 
(actuarial survivals of a and 6% respectively) or with antibody t o  Cytunegalovixus. when 
survivals were compared with pre-treatment tunor s h e ,  those with small (T1) tumors had 
actuarial survivals of 7% while those with large (T4) tumors had survivaLs of 5%. Pre- 
treatment assessnent of antibcdy t o  HSV-1 therefore distinguished the prcgnosis as accurately 
aa did tumor st@%. The results sug&st that sow oral carciMxaaa are associated with HSV-1 
and that these are the mre aggressive tumors. 

Supported by DE fM1-05370 and DE KW-oo088 

1322 HERPESVIRUS ENCEPHALITIS IN ADULT HOMOSEXUAL MEN, Richard 0. Dix, Tarvez Tucker, 
David Waitzman, James W. Schmidley, Richard L. Davis, Carolyn Katzen, and John Mills, 
University of California, San Francisco, CA 94143 

HSV-1 has been shown to be responsible for a majority of adult cases of herpesvirus 
encephalitis. 
CMV is exceedingly rare. We report on three cases of atypical herpesvirus encephalitis in 
adult homosexual men suffering from persistent IymphadenoDathy or acauired imnune deficiency 
syndrome (AIDS). The first patient with lymphadenopathy presented with clinical signs and 
symptoms consistent with herpes simplex encephalitis. 
the presence of HSV-2. 
alitis and died. HSV-1 was recovered at time of autopsy from spinal cord, cerebellum, 
temporal lobes, and frontal lobes. 
infection developed an ascending myelitis and died. 
includinq spinal cord, brain stem, and cerebellum but not temporal lobes. Additionally, CMV 
was recovered simultaneously from lungs, cerebrospinal fluid, spinal cord, and brain tissue. 
These results suggest that AIDS and similar disturbances of cell mediated imnunity in adult 
homosexual men may (i) increase the frequency of HSV-2 and CMV encephalitis in adults and 
(ii) in some cases alter the normal pathogenesis of herpes simplex encephalitis. 

In contrast, invasion of adult central nervous system (CNS) tissue by HSV-2 or 

Biopsy of the temporal lobe revealed 
The second patient with AIDS developed a diffuse inflamnatory enceph- 

The third patient with AIDS comDlicated by perianal HSV-2 
HSV-2 was recovered from CNS tissue 
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INVESTIGATION OF THE GENES RESPONSIBLE FCR TROPISM AND VIRULENCE OF HSV, G.!Arai and lZ3 RR&en, I n s t i t u t e  of Medical Virology, University of Heidelberg, F.R.Germany 
In€ertypic recanbinants of HSV-1 and 2 which w e r e  generated frcm parental s t r a i n s  of HSV-l/ 
liFD4 and HSV-2/3345 (kindly provided by m.Halliburton, k p t - o f  Microbiology, h i v .  Leeds, UO 
w e r e  screened for  t h e i r  pathogenicity i n  tree shrew which is highly suscept ible  f o r  wild-type 
HSV-1 and 2, It w a s  found t h a t  HSV recanbinant R E o  is pathogenic for  tree shrew. In  contrast  
no c l i n i c a l  pictures  were obsenred when t h e  animals w e r e  i m u l a t e d  with HSV recanbinants: 

'Ihe pathogenicif; of parenta ' s t rasns  of these recanbinants w e r e  studied i n  t h e  same system, 
too. 'Ihese s tud ies  revealed t h a t  HSV-2/3345 is pathogenic f o r  tree shrew similar to  other wild 
type HSV. But i n  t h e  case of H s V - l / m  which has a delet ion of about 2x106 dal ton at 0.7-0.8 
map u n i t s  of the gemne it w a s  found f i r s t l y  t h a t  t h i s  sb-ain is apathogenic i n . t r e e  shrew 
when t h e  animals w e r e  i m u l a t e d  i.v., Lp., and/or S.C. 'Secondly, t h a t  t h i s  s t r a i n  is p a t b  
genic  for tree shrew when t h e  animals were inoculated intracerebrally. Similar results were 
found using the 54LB/crnice system. 
'Ihe s t a t e  of v i r a l  la tency i n  those animals which w e r e  infected with HSV-l/HFEM (i.v., i.p., 
and s.c.) w a s  investigated. %se studies revealed t h a t  t h i s  s t r a i n  is unable to colonize the 
gangl ia  of tree shrew; i n  contrast  the  l a t e n t  infect ious virus  w a s  recovered f ran  the spleen 
of l a t e n t l y  infected animals. 
'his observation o f f e r s  new opportuni t ies  for  invest igat ing the  gene functions of HSV using 
the replacenent of the suspected gene regions of apathcgenic HSV by replacing them with the  
car resmndim i n t a c t  DNA fraqnents of a pathcqenic HSV strain. 

RSl3 ,  RB23, RB2 RQg, R E 1  R65 , R871, RB73 and RB77. 

1324 EFFECT OF CYCLOPHOSPHAMIDE ON HSV LATENCY FOLLOWING GENITAL INFECTION IN THE GUINEA 
PIG, Marie L. Landry, Zhi-ming Zheng, Donald R. Mayo and G. D. Hsiung, Virology 
Laboratory, VA Medical Center, West Haven, CT. 06516 and Yale University School of 
Medicine. New Haven, CT. 06510 

Guinea pigs have been used successfully as an animal model for genital herpes infection and 
have been especially useful In evaluating the efficacy of newly developed antiviral agents. 
However, it is not known what effect imnunosuppression would have on HSV infected, drug treat- 
ed animals. lo the present study, guinea pigs were inoculated with HSV-2 strain 1868 i*ntra- 
vaginally. Infected animals were divided into drug-treated and non-treated groups. Five 
drugs. acyclovir (ACV), phosphonoformate (PFA), fluoro-Moaracytosine (FIAC), fluoro-methyl- 
arauracll (FMAU) and fluoro-iodoarauracil (FIAU) were used for comparison. All drugs were 
adrninlstered i.  p. for 3 days starting on day 1 post-infection. FMAU completely inhibited the 
appearance of genital lesions in treated animals while untreated anlmals developed extensive 
genital lesions. in order to detect HSV latency in the FMAU treated animals, cyclophosphamide 
(Cy) was administered I. p.. 50 mg/kg/day for 7 days, beginning 50-150 days after primary 
Infection. With Cy treatment, 92% of FMAU treated guinea pigs had recurrent genital lesions, 
whereas 60% of infected, untreated guinea pigs showed recurrence. Thus, our data show that: 
(1 )  Cy increased the incidence of recurrent lesions in latently infected guinea pigs; (2) 
FMAU blocked the development of primary genital leslons, but It did not prevent HSV latency. 

CYTOSKELETAL RELATED RESPONSES TO HUMAN CYFOMEGALOVIRUS (Csnr) INFECTION. 
T. Albrecht. J.L.H. L i ,  R.L. Ball, M. Nokta, W. Thompson. and D.H. Carney, The lX5 

lJufvm%ity of Texas Medical Branch, Galveston, TX 

microtubules (HTs) , inte-diate filaments (IPS), and micjgfilaments ( W s )  . 
previously provided data sggesting that cI(v induces a Ca 
infection (PI). Since Ca fluxes have been shown to effect the various elements of the 
cytoskeleton. we have examined these elements at various times after CPm infection using 
indirect immunofluorescence microscopy. Taxol, which stabilizes HTs against 
depolymerization, inhibited CPm-induced stlmlation of cell DNA synbhesis by up to 1OOX. 
Addition of taxol at various t w  PI indicated that the taxol sensitive event(s) occurred 
before 8 h PI. soon after the Ca influx had begun. 
nost cells with IFA-1 antibody (which specifically decorates IPS) although after 48 h IPS 
rere again detected. 
nuclear inclusions (NU) were also decorated by IFA-1 and by 17BG3 (anti-vhentin monoclonal 
antibody). Fluorescence was absent from the nucleus of uninfected cells stained with IFA-I 
or 17BG3. DNAseI has been s h o w  to specifically decorate actin filaments. In CMV-infected 
cells, stress fibers were altered and NIs found to be brightly stained using this technique. 
Vhen considered together, these results suggest that cytoskeletal dificatioao may be 
Important cellular responses in the replication of IXV. 

77550 
Three major cytoskeletal elements have been recognized in eukaryotic cells, 

We have 
influx by 6 h after virus 

By 26 h PI LFs yere nqt detectable in 

During this interval. nuchar structures indistinguishable from 
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1326 NONSPECIFIC IMMUNE FUNCTION IN PERSISTANT EPSTEIN-BARR VIRUS (EBV) 
INFECTION. James F. Jones, Ruthann Kibler, Mary J. Hicks, National Jewish Hospital, 
Denver, CO 80206 and University of Arizona, Tucson 85724. 

Immune effector  cell number and nonspecific cell function were analyzed in patients with 
persistant/recurrent EBV infections (Clin Res 31:122A, 1983). Absolute numbers and percentages of 
monocytes, lymphocytes and lymphoid cell subsets were normal when examined f o r  surface markers, 
morphology and enzyme content. Pat ient  and control natural killer (NK) cell activity in whole 
mononudear and enriched NK cell preparations were assayed at 10, 5,  and 2.5:1 effector to K562 target  
ratios. Control values (1-1127) were 33212,  23210,  and 1 4 2 7  % cytotoxicity, while patient values (n= l l )  
were 18 2 8, 11 +6,6 24 at respective ratios. The values were different a t  p<0.005, p<0.005, and FO.01 
respectively. Control values using NK enriched cells were 61 2 13, 51 2 17 and 42 2 21, while patient 
values were 54 2 16, 41 2 16, and 29 2 19, respectively; these values were not statistically different by 
three methods of analysis. Patient and control mononuclear preparations were stimulated with CON 
A/PMA and supernatants assayed for IL-2 and IFN-Y. Mean + SD valuer for patient and control IL-2 
were 1.17 + 0 1.28 (n=19) Units, respectively (p<O.OOl). Patient and control IFN 
values were 3’” (n=13) and (n-4) Units, respectively (analysis pendiq5)arger control n). Lfy 
IFN- Y production a f t e r  PHA stimulation was previously observed (patient - 3 . ( n 4 )  and control 3 * 
(n=l5) (p C0.05). Correlation of patient R - 2  and IFN-Y values yielded an  R value of 0.82990, and an R2 
of 0.69973 (p <0.005). Whether this overall suppression is related to exaggerated control mechanisms 
normally seen in EBV infections or a primary defect remains to be elucidated. 

n=16) and 2.5 

Cel lular  and humoral immune response to the l a t e  64K glycoprotein of XHV a f t e r  
na tura l  infect ion in  humans. J.A. Zaia, S.J. Pornan, B.R. Clark, M . J .  Gallaqher, lZ7 

Y.P. Ting, E. Vanderwal-Urbina, C.L. Wright, and B.C. Racklin. City of HDpe mica1 
Center, Duarte, CA 91010. 

plus dense body preparations by reverse phase high performance l iquid chromatography (cf  
B.R. Clark, m. J Virol 49: i n  press, 1984). HcMTgp64 was then used to evaluate the 
human immune response to t h i s  s ingle  polypeptide a f te r  natural  RCHV infect ion using an 
enzyme-linked immunoassay (=A) and a lymphocyte b las t  transformation (LBT) assay. 
Results were compared to assays using whole vir ion antiqens. 

detected using protein A-horse radish peroxidase conjugate and o-phenylene d ia r ine  
subs t ra te  and quant i ta t ive and qua l i ta t ive  determinations of antibody were correlated.with 
standard inmunofluorescence, E I A  and imunoblot  assays for  HCMT anSibody. Antibody,? 
HCHVqp64 was detectable i n  sera wtcich Were posi t ive by standard ant i -HCHV assays. There 
were no f a l s e  posi t ive reactions, and antibody was detectable l a t e  a f t e r  natural  infection 

I n  the polypeptide spec i f ic  LBT assay, HCHVgp64 was added to paripheral blood lympho- 
cyte  cul tures  from normal donors with and without pr ior  HCHV infect ion.  XHVqp64 (24Ong/ml) 
stimulated 3H-thymidine incorporation 20-43 times above background and this response 
a s  high and occasionally hiqher than the response to whole Mv virus  antiqen. 

suauestina t h a t  this Drotein could be imnortaat in  imnunitv to HCHV. 

The l a t e  64K s t r u c t u r a l  glycoprotein of HCW (HcMTgp64) was purif ied from virions 

The EIA ut i l ized  20 ng HoNgp64 coated onto 96-wall microt i ter  plates .  Antibody was 

was 

Both humoral and ce l lu la r  immunity to HWgp64 p e r s i s t s  late a f t e r  natural  infect ion 

198 AN EXPERIMENTAL OBSERVATION ON ONCOGENIC POTENTIAL OF ANULTRAVIOLET INACTIVED 
HSL‘-Z(W) IN MICE. Sun Yu. Chen Minhui, Chang Youxin, Chang Weiyin and Chin-min Hsianf 
Laborator ies  o f  Cell Biology and o f  Virology, Virus Research I n s t i t u t e ,  Hubei Medical 
Col leae,  Wuchang, Hubei, Peop le ’ s  Republic o f  China 

The po ten t i a l  oncogenic a c t i v i t y  of an u l t r a v i o l e t  i nac t ived  HSV-2(W) strain i n  mice was 
s tud ied .  The same s t r a i n  of l i v i n o  HSV-P(W) was set i n  a contra1 group. Under t h e  same:: 
condi t ions of t h e  experiment,  the oncogenic a c t i v i t y  was o f  no d i f f e r e n c e  between two 
groups w i t h i n  6 months of observat ion.  But a f t e r  6 months t o  one y e a r ,  12 o f  48 animals (25%) 
i n  the u l t r a v i o l e t  i n a c t i v a t e d  HSV-2 ( W )  group developedcarcinomas a t  ce rv ix  and/or vagina,  
whereas i n  the con t ro l  group, only 3 ou t  of 45 animals (6.7%) developed carcinemas a t  
t h e  same a reas .  There was a s i g n i f i c a n t  d i f f e r e n c e  w i t h  t h e  r a t e  o f  tumor formation between 
t h e  two groups. The da ta  suggest  t h a t  t h e  u l t r a v i o l e t  i n a c t i v a t e d  HSV-2 ( W )  could inc rease  
the po ten t i a l  oncogenic a c t i v i t y .  I t s  mechanism was b r i e f l y  discussed.  

* presen t  address:  517 Grant Place,  Frederick,  Md. 21701 o r  
Bldg 376. F t .  Oetr ick.  F rede r i ck ,  Md. 21701 
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1329 A ROLE FOR T LYMPHOCYTES IN HERPES SIMPLEX VIRUS-INDUCED OCULAR 
DISEASE. Judith A. Whittum and Rober t  A. Prendergas t ,  Johns Hopkins Universi ty  
School of Medicine, Bal t imore,  MD 21205 

Herpes  s implex  v i r u s  type 1 (HSV-1) inoculated into the anterior chamber  of e y e s  of BALB/c 
m i c e  results i n  a different ia l  pa t te rn  of ocular  disease i n  the i n j e c b d  and uninjected eyes:  
virus- injected e y e s  develop p r i m a r i l y  a n t e r i o r  segment  d i s e a s e  (cornea, lens, an te r ior  
chamber  and i r i s / c i l i a r y  body) while the retinas remain essent ia l ly  normal. 
contrast ,  a n  in tense  inf lammatory  react ion resu l t s  i n  total retinal des t ruc t ion  i n  the opposite 
uninjected eyes. 
a T cell-dependent process .  
utilized: 1) athymic BALB/c nu/nu mice,  d).cyclophorphamide (CY) treatment 2 d a y s  before  
v i r u s  presentation, and  3)  sublethal  i r rad ia t ion  (450 r )  i day p r i o r  to v i rud  challenge. In all 
three groups of experiments ,  T c e l l  depletion resul ted i n  ablat ion of retinal preserva t ion  i n  
virus- inoculated eyes. 
an inf lammatory  reaction. 
re t ina l  protection. 
assoc ia ted  immune deviation (ACAID) i n  that anti-HSV delayed type hypersensi t ivi ty  (DTH) 
responses  are suppressed.  
re t ina l  preservat ion,  and d i f fe rs  from T lymphocytes which suppress  DTH immune 
responsiveness .  (Supported i n  p a r t  by a gran t  f r o m  the National Society to P r e v e n t  
__ Blindness and a fellowship f r o m  Fight  f o r  Sight. Inc., New York City. NY) 

In  s h a r p  

We have evIdence that preserva t ion  of the retina in virus- injected eyes is 
T h r e e  methodstof obtaining T cell-depleted mice have been 

Within 14 days, the re t inas  of both e y e s  w e r e  severe ly  damaged by 
These  resu l t s  s t rongly sugges t  a role  for T lymphocytes i n  

CY-treated mice re ta in  the charac te r i s t ic  of a n t e r i o r  chamber  

These data  suggest  that a CY-sensitive T c e l l  is responsible  f o r  

PATHOGENESIS OF MIJRINE CYTaMEGALOVIRUS IN NATURAL KILLER CELL-DEPLETED MICE, Jack F. 
Bukows8ki. Bruce A. Woda, and Raymond M. Welsh, Wss Medical Center, Worcester, MA 1330 

Selective deplet ion of NK c e l l s  by treatment with antibody to  as ia lo  cH1 (anti-AGM1) enhances 
virus synthesis  and virus-induced hepat i t i s  during acute murine cytomegalo (MCMV), mouse hep- 
a t i t i s .  and vaccinia v i rus  infect ions ( 3 .  Immunol. 131:1531). We report here t h a t  NK c e l l  
deplet ion enhanced MCMV pathogenesis i n  1.v. o r  1.p. but not intranasal ly  inoculated mice. 
M( c e l l  deplet ion ear ly  (0-2 days) but not l a t e  (6-8 days) a f t e r  1.p. inoculation resul ted i n  
m r e  severe and lower- las t ing spleen and l i v e r  necrosis, correlat ing with higher (up t o  1000- 
fold)  virus  t i t e r s  and delayed clearance of virus. When compared t o  control  mice, NK ce l l -  
depleted mice had s igni f icant  increases i n  MCHV-induced suppression of the Con A response (up 
to  13-fold grea te r ) ,  spleen leukopenia. morbidity, and mortality. 
pers i s ten t ly  infected with MCMV resul ted i n  6-&fold increases i n  sal ivary gland virus  t i t e r s .  
Athymic nude mice t reated with anti-AGM1 were more susceptible t o  infection. Adoptive trans- 
f e r  of anti-thy 1.2 and C'-treated o r  untreated adul t  spleen c e l l s  protected NK cell-defi- 
d e n t  suckling mice f ran  le tha l  infect ion;  thus, T c e l l s  do not protect. Spleen c e l l s  from 
anti-AGM1-treated mice did not protect. NK cell-depleted mice reconstituted with cloned NK 
c e l l s  (obtained fran Drs. G. Dennert and J. Warner) were more res i s tan t  to MCMV infection. 
While MCMV in fec t ion  rendered f ibroblas t s  l e s s  sensi t ive t o  l y s i s  by MCMV-activated NK c e l l s ,  
pretreatment of t a r g e t s  with interferon p r z t e d  uninfected c e l l s ,  but l e f t  infected c e l l s  
suscept ible  t o  NK cell-mediated lys i s .  
ear ly  i n  infect ion can l i m i t  the  severi ty ,  extent ,  and duration of acute MCMV infect ion,  and 

NK c e l l  depletion of mice 

These data  support the hypothesis t h a t  NK c e l l s  actillg 

a l s o  be ~LoJ.Y& i n  i n f e u  

HYPERACTIVITY RESULTING FROM A HOST RANGE MUTANT HSV-1 VIRUS. L. S. Crnic, L. J. 1331 Yamamoto,* and L. I. Pizer*. Univ. of Colo. School of Med., Denver, CO 80262 

Balb/c mice were injected subcutaneously w i t h  lo6 plaque forming u n i t s  of a host range 
mutant herpes simplex type 1 virus  i n  the f i r s t  day of l i f e .  The mutant had been selected t o  
g r o w  on primate but not mouse c e l l s  i n  v i t r o  and so produced a mild infect ion i n  the  neonatal 
mice. Control groups were e i t h e r  injected with the vehicle (media and c e l l  fragments) or not 
manipulated. 

Virus was evident i n  the  brains  by 3 days, reached peak t i t e r s  of 2.9 x l o 3  plaque forming 
uni t s  per brain by 21 days, and viable  v i rus  was not detectable  a t  60 days ,in mrst brains. 
S m a l l  brain and body weight d e f i c i t s  were apparent throughout development i$~ the  virus-treated 
mice but  were gone by adulthood. 
a c t i v i t y  leve ls  throughout development. A t  60 days of age, the  infected micecrossed an aver- 
age of 144 ? 34 squares while the  vehicle group crossed 76 t 26 and the  controls  67 * 37 sq- 
uares i n  the  open f ie ld .  Pr ior  s tudies  have shown the  hyperactivity t o  p e r s i s t  i n t o  adulthood 
i n  the  absence of infect ious virus. The adul t  mice a l so  showed d e f i c i t s  i n  passive avoidance 
learning (7.25 ? 2.49 t r i a l s  t o  c r i t e r i o n  f o r  infected versus 4 C 0.35 for  cont ro l ) ,  although 
t h e i r  performance on a r a d i a l  arm maze was not impaired, indicat ing t h a t  t h e  passiveavoidance 
d e f i c i t  was probably not due t o  a learning d e f i c i t  but t o  d i f f i c u l t y  i n  inh ib i t ing  behavior. 

This sort of virus  infect ion is a potent ia l  cause of the  spec i f ic  behavioral disorders  of 
childhwd. In  addition, the  se lec t ive  destruct ion of brain areas  by mild virus  infect ions 
could be a useful too l  f o r  the  study of brain function. 

Hyperactivity i n  the  virus- t reated mice consisted of high 

1 a9 
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Molecular Genetics 
Detection and typing of Herpes Simplex virus by hybridization with synthetic oligo- 
nucleotides, Robert N. Bryan and Jerry Ruth, Molecular Biosystems, Inc. San Diego, 
CA 92121. 

We have synthesized short (20-25 deoxyribonucleotides) DNA hybridization probes which are 
complimentary to either the Herpes Simplex virus Type 1 thymidine kinase gene (HSV-1 TK 
gene), the HSV-2 TK gene, or both. Some of these probes were synthesized with modified 
nucleosides which allows the subsequent addition of non-radioactive reporter groups such 
as biotin, fluorescein, or dinitrobenzene. Sensitivity and specificity of both radio- 
active and non-radioactive probes have been determined for hybridization against a variety 
of targets including pBR322 carrying the HSV-1 TK gene (pHSV106), DNA from HeL,a 53 cells 
infected with HSV-1 (strain F) or HSV-2 (strain 333), and DNA from clinical samples. 

1332 

1333 
(1) Ludwig Institute for Cancer Research, MRC Centre, Cambridge, England. 
Molecular Biology, MRC Centre, Cambridge, England. 

'Je have been characterising RNA polymerase I1 promoters and transcription units in the B95-8 
istrain of Epstein-Barr Virus. About twenty-five RNA pol I1 promoters have been mapped on to 
,the viral DNA sequence. 
in the latent and productive (early/late) virus cycles. 
kncoding a viral DNA polymerase and also identified two genes which are homologous to the 
tierpes simplex virus ribonucleotide reductase gene region. 

L A produced from the EcoR1-Dhet region has been characterised. 
1334 
Donovan, Lynne Eklund, John Jessip. and Meihan Nonoyama, Showa University Research Institute 
for Biomedicine in Florida. 10900 Roosevelt Blvd. N.. St. Petersburg, FL 33702 

Twenty-seven BamHI fragments of MDV DNA were cloned into bacterial plasmids and 
restriction maps for BamHI. BglI. and SmaI endonucleases were constructed. On the map, as 
found in HSV-1 and -2, BMV, and HCMV. the inverted repeat regions were identified. SmaI 
digestion gave evidence of a direct repeat SmoI-M (0 .9  Kb) In BamIiI-F. A majority of the 
population had two copies of SmaI-M. some containing up to 16 copies. Hirai, et al. 
(Virology l&. 385-389, 1981), reported that MDV avirulent strains and attenuated strains 
did not contain either BWI-D or -H. but did contain new larger fragments D1 and D2. 
hmIi1-D and -li hybridized each other and are located at the junction between unique and 
inverted repeat regiono. In our preparation of MDV GA strains, three types of virus with 
different structures of MDV DNA,have been obtained: normal DNA structure with BamHI-H and 
-D. DNA with BamRI-H and -D1 and -D2 in place of -D. and DNA with BadI-Dl and -02 in place 
of BamHI-A and -D and two new framnts. We are examining these altered DNA structures and 
thua far have shown that D1, but net'D2. is a fragment derived from the inverted repeat 
region of BamHI-D. 
passages of the MDV GA strain, for degree of tumor induction in chicken. Since BamHI-D and 
-E contain the same inverted sequences. we could expect that the MDV strain with a deletion 
of BamEI-D may be less oncogenic and the strain with a deletion of both BamHI-D and -H may 
be MQ-oImnedL The mat trnnornenic p ~ y  be the wild-type strain containing BamHI-D and -H. 

1335 MJCLEOTIDE SEQUENCE OF HOUSE GENOHIC DNA RELATED TO THE TERMINAL REPETITIONS OF THE 
HSV-I GENOME. 
Laboratory of Oral Medicine, National Institute of Dental Research, National 
Institutes of Health. Bethesda, MD 20205. 

EPSTEIN-BARR VIRUS GENE EXPRESSION, Paul J. Farrell', Mark Biggin', Toby Gibson', 
Alan Bankier', Richard Baer2, Graham Hudson2, Graham Hatfull2 I Bart Barrellz. 

( 2 )  Laboratory of 

The abundance of mRNA derived from each promoter has been determined 
We have localised DNA sequences 

W A S  encoding the surface 
lycoproteins gp350/220, including a spliced 'mBNA have been mapped. A l s o  a spliced latent 

THE STRUCTURE OF MAREK'S DISEASE VIRUS GENOME AND IDENTIFICATION OF POSSIBLE TUMOR 
INDUCING GENE OF THE VIRUS, Akiko Tanaka. Kunihiko Fukuchi, Miyuki Suto, Janet 

We are in the process of testing these virus strains. all cloned from 

Jaime Wee-Marquez, Alvaro Puga and Abner Louis Notkins. 

We and others have identified regions of the genome of several herpesviruses related to an 
evolutionarily conserved family of marmallan DNA. 
fled and isolated from a mouse genomic library by hybridization with cloned ASV-I DNA frag- 
ments derived from the "RS component. 
1.1 kb %la1 fragment proximal to the domain of the a sequence. Ihe related region in one of 
the mouse genosic clones was located within a 1100 Fp EcoRI-Rind111 fragment, which was s u b  
cloned in the M 3  derivatives mp8 and mp9 in order to determine its nucleotide sequence. 
The fragment consists of a 210-nucleotide core of interspersed tandem repetitions of the four 
monomeric units GGGCAT, GGGTTA, CTGGG and TCTGGGG flanked by non-repeated sequences. Ihe 
repetitive core shows a high degree of nucleotide homology with repetitive sequences within 
the RSV-1 %a1 fragment i n  a region downstream from the polyadenylation site of the gene 
coding for Vmw175 (ICP4). 
In the Los A l r o s  Nucleic Acid Databank gave significant scores (8-13 standard deviations 
ebora mean) with sequence elements dispersed in the imnunoglobulin switch regions. likely to 
k involved in clam-switch recombination. 
suggcrts the possibility that quasi-homologous recombination events may occur between viral 
and host genome. 

Several recombinant DNA clones were identi- 

h e  of the homologous regions was located within a 

Comparison of the DNA sequence of the mouse fragment with sequencer 

Ihe presence of these sequences in the HSV genome 
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We have constructed a ch imer ic  plasmid conta in ing an HSV o r i g i n  o f  r e p l i c a t i o n  (c lass 11) 
and a pu ta t i ve  cleavage and packaging s i t e  from the HCMV (Towne) genome. This construct. 
designated pON 302, was cot ransfected w i t h  standard HSV DNA as helper  v i rus  and s e r i a l l y  
passaged on BSC o r  HEp-2 c e l l s .  DNA was prepared from these c e l l s ,  electrophoresed i n  
agarose gels  fo l l ow ing  d iges t i on  by r e s t r i c t i o n  enzymes, t rans fe r red  t o  n i t r o c e l l u l o s e  f i l t e r s  
and probed w i t h  "P-labeled plasmid vector  (pUC9) DNA. The r e s u l t s  o f  these analyses show 
t h a t  a subset o f  i n p u t  chimeric plasmids were au then t i ca l l y  rep l i ca ted  and packaged i n  
v i r i o n s  contained w i t h i n  HSV v i r u s  stocks i n  the manner prev ious ly  described f o r  de fec t i ve  
HSV v i r u s  DNA. 
molecules cons is t i ng  o f  head- to- ta i l  i t e r a t i o n s  o f  the i n p u t  repeat  u n i t .  
and packaged chimeric de fec t i ve  v i r a l  DRA molecules were cleaved t o  monomeric repeat u n i t s  
w i t h  Hind 111 and rescued i n  bacter ia .  
t o  the i n p u t  plasmid and thus confirmed the Southern b l o t  analysis. 
t h a t  c i s  cleavage and packaging s i t e s  present on HCMV are recognized by t rans-act ing 
funct ions presumably encoded w i t h i n  the HSV genome. 
when HSV recognizes i t s  own packaging funct ion.  The study shows a func t i ona l  relatedness 
i n  packaging s ignals  which have been preserved over evolut ionary t ime i n  b i o l o g i c a l l y  d i -  
verse herpefviruses. 
-tes f m K V  and HCMV aenmes share l i t t l e  o r  no homoloav. 

--ACTING FUNCTIONS ENCODED BY HSV RECOGNIZE C I S  CLEAVAGE AND PACKAGING SIGNALS 
PRESENT ON HCMV DNA, Richard R. Spaete and E d w a r d .  Mocarski. Jr., Stanford 
Univers i ty ,  Stanford, CA 94305 

As such, i npu t  ch imer ic  plasmid monomers generated concatemeric v i r a l  l eng th  
These r e p l i c a t e d  

A m a j o r i t y  o f  t he  recovered plasmids were i d e n t i c a l  
This study demonstrates 

This i s  a l ess  e f f i c i e n t  process than 

Hybr id i za t i on  analys is  suggests t h a t  the corresponding cleavage/ 

1337 AN INSERTION MUTANT OF HERPES SIMPLEX VIRUS THAT PRODUCES A SECRETED AND MODIFIED 
FORM OF gD-1, Marylou G. Gibson and P a t r i c i a  G. Spear, University of Chicago, 
Chicago, IL 60637 

Sequences a t  the carboxy terminal end of the gene coding f o r  glycoprotein D of herpes 
s ioplex v i r u s  type 1 (gD-1) were deleted and t h i s  modified form of the gene w a s  inser ted  
i n t o  the TK gene ( tk)  of a recombinant v i rus  containing s type 2 glycoprotefn D (gD-2). 
The resu l tan t  inser t ion  mutant expressed a modified, secreted form of gD-1 as w e l l  as the  
normal membrane-bound form of gD-2. The plasmid wed t o  generate the recombinant v i rus  had 
the carboxy terminal end of the gD-1 gene joined a t  a NarI site t o  sequences upstream of 
and on the  wncodiag s t rand of the t k  gene. Based on published nucleotide sequences of the 
gD-1 and t k  genes. the fusion of the  t ruacated gD-1 gene and upstream noacodiag t k  
sequences should produce a protein which haa l o s t  82 amino ac ids  due t o  the de le t ion  but 
gained 47 amino acids  as a r e s u l t  of t h e  fusion. In f a c t ,  the  molecular weight of the  
secreted form of gD-1 is 56,500 d,  $a agreement with i t s  predicted s ize ;  i t s  p a r t i a l l y  
processed form (MU 53,500 d) csu be detected i n t r a c e l l u l a r l y .  
p ro te in  can be found in the c e l l  m;dium'withia ?.S h a f t e r  label ing.  Secreted gD-1 is 
glycosylated and the secre t ion  and camplete processing of gD-1 a r e  dependent upon processes 
blocked by monensin treatment. 
including a s t r e t c h  of hydrophobic amino acids ,  a r e  required for  anchoring of the  protein 
i n t o  the cell membrane. Soluble forms of r e l a t i v e l y  pure gD-1 can be obtained from cel l  
medim and are  being t es ted  i n  a v a r i e t y  of funct ional  assays. 

The secreted form of the  

We conclude tha t  the carboxy terminal amino ac ids  of gD-1, 

1338 TRANSCRIPTION OF A HUMAN CYTOMEGALOVIRUS-DNA REGION, WHICH S CAPABLE 
OF TRANSF RMING RODENT CELLS. 
McDougall', and Bernhard Fleckensteinl . lInstitut flir Kli ische 
Virologie der Universitlt Erlangen-Nlirnberg , W. -Germany; 'Fred 
Hutchinson Cancer Research Center, Seattle, WA, USA 

Gerhard Jahnl, Jay A. Nelson', James K. 

A cloned DNA fragment of human cytomegalovirus (HCMV) is capable of transfor- 
ming NIH 3T3 and primary rat embryo cells. DNA-sequence analysis demonstrated 
that the viral insert was punctuated by multiple stops in all six reading 
frames. This sequence is located within a region that is transcribed into a 
5.0 kb RNA during the immediate early (IE) phase of virus replication in the 
lytic system. In contrast to the other IE-transcripts, a part of the 5 . 0  kb 
RNA appeared polyadegylated, while the majority of the same transcript was 
found in the poly(A) pool. Also, different from the other IE-genes, the DNA 
coding for the 5.0 kb IE-RNA was transcribed in high quantities during the 
late phase of virus replication. These results suggest that transcription of 
the segment, which includes the transforming sequence, is exempt from the tem- 
poral regulation of HCMV transcription which is characteristic for other 
IB-genes. 
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LOCALIZATION OF PSEUDORABIES VIRUS GENES USING E. COLI EXPRESSION PLASMID LIBRARIES, 
Alan K. Robbins, John H. Weis, Lynn W. Enquist and Roger J. Watson, Molecular 
Genetics, Inc., Minnetonka. MN 55343 

1339 

We descr ibe a general system t o  construct  l i b r a r i e s  of E. % plasmids expressing foreign 
antigens. 
genes within the  Pseudorabies v i r u s  genome. Antibodies d i rec ted  aga ins t  Tr i ton  X-100 d is -  
rupted PRV v i r i o n s  w e r e  used t o  make antibody a f f i n i t y  columns f o r  the  pur i f ica t ion  of several  
v i r a l  proteins .  Proteins  were fur ther  purif ied by SDS/polyacrylamide ge l  e lectrophoresis  and 
ge l  s l i c e s  containing these pro te ins  used t o  inoculate  r a b b i t s  t o  produce ant ibodies .  Genomic 
PRV DNA w a s  fragmented and inser ted i n t o  an expression vector  t h a t  expressed PRV open reading 
frames a s  proteins  fused to  8-galactosidase. 
fusion pro te ins  that reacted i n  a Western b l o t  ana lys i s  with rabbi t  ant ibodies  d i rec ted  
against  PRV proteins ,  were i so la ted .  PRV DNA sequences represented i n  these expression 
plasmids were mapped on t h e  PRV genome. 
expression plasmids were used t o  inoculate  rabbi ts .  

W e  demonstrate the  u t i l i t y  of the  expression l i b r a r y  f o r  loca l iza t ion  of spec i f ic  

A number of expression plasmids t h a t  specif ied 

PRV 8-galactosidase fusion proteins  produced by the  

This protocol  should have general appl ica t ion  i n  
Antibodies produced aga ins t  these fusion 

ro te ins  recognized PRV spec i f ic  proteins .  
oca l iz ing  genes within la rge  DNA v i r u s  gemploe. 

AN HSV-1 MUTANT DEFECTIVE I N  A LATE STAGE OF GLYCOPROTEIN PROCESSING. 

Present address: Department o f  
Pancake, Richard A. Respess and P r i s c i l l a  A. Schaffer, Dana-Farber Cancer 

I n s t i t u t e  and Harvard Medical School, Boston, MA 02115. 
Pharmacology, UMDNJ, Rutgers Medical School, Piscataway, NJ 08854. 

-- i c r  ts149 was selected f o r  i t s  a b i l i t y  t o  render c e l l s  res i s tan t  t o  imnune cy to l ys i s  mediated 
by complement and r a b b i t  antiserum t o  g lycoprote in  gB a t  39.6OC, but  not  a t  34OC. I n  addi t ion,  
mutant- infected c e l l s  are r e s i s t a n t  t o  cy to l ys i s  mediated by hyperimnune antiserum t o  KOS-in- 
fected c e l l s  - antiserum which contains antibodies t o  a l l  the major v i r a l  glycoproteins. Based 
on i t s  DNA+ phenotype, wi ld- type polypeptide p r o f i l e  and a b i l i t y  t o  produce enveloped v i r i o n s  
a t  the nonpermi i v e  temperature, i c r  ts149 i s  a l a t e  mutant. Furthermore, although wi ld- type 
amounts o f  711 T351-label led g l ycop ro tzns  are found a t  t he  i n fec ted -ce l l  surface, decreased 
amounts o f  C-glucosamine-labelled gB and gC were detected i n  metabol ica l ly  l a b e l l e d  c e l l s ,  
suggesting t h a t  aberrant ly  glycosylated glycoproteins are synthesized and inser ted i n t o  the  
surface plasma membrane. Pre l iminary s tud ies o f  t he  a b i l i t y  o f  a ser ies o f  l e c t i n s  t o  b ind  t o  
mutant and wi ld- type v i rus - in fec ted  c e l l s  a t  39.6OC support t he  hypothesis t h a t  one o r  more 
v i r a l  glycoproteins i s /a re  a l te red  w i t h  respect t o  g lycosy lat ion.  The & mutation i n  icr 3149  
has been mapped phys i ca l l y  by marker rescue t o  the  1.4Kb Eco R I  0 fragment, which i s  not  known 
t o  encode v i r a l  g lycoprote in  genes. t s+  rever tants  and r e s c u a n t s o f  i c r  t 49 e x h i b i t  w i l d -  
type phenotypes w i t h  respect t o  c y t o c s i s  s e n s i t i v i t y  and l a b e l l i n g  fih'iC-glucosamine. Our 
r e s u l t s  i nd i ca te  t h a t g g l 4 9  possesses a s ing le  & mutation i n  a l a t e  v i r a l  gene a f f e c t i n g  
g lycoprote in  processing and consequently presentation o f  glycoproteins a t  the c e l l  surface. 

1341 
A. Thorley-Lawson, 
%ass. Gen. Hospi ta l ,  Boston, MA 02111. 

imnunoprecipitat ion s tud ies with mouse lrbnoclonal ant ibodies t o  VZV. Pulse-chase l a b e l i n g  
experiments revealed t h a t  gp63 was synthesized by p r o t e o l y t i c  cleavage o f  a 125,000 da l ton  
precursor glycoprotein[gp125]. 
presence o f  monensin, suggesting t h a t  the.cleavage takes place dur ing i n t r a c e l l u l a r  t ranspor t  
o f  t he  g lycoprote in  a t  t he  l e v e l  o f  the Golgi.  
o f  a zoster pa t i en t  contained only  gp63 and no detectable gp125, i n d i c a t i n g  t h a t  t he  proteo- 
l y s i s  i s  no t  merely a t issue-cu l ture a r t i f a c t .  

Rabbit an t i se ra  t o  HSV-1 and HSV-2 both immunoprecipitated gp63 and gp125, es tab l i sh ing  
a biochemical bas is  f o r  t he  repor ted sero log ic  c ross - reac t i v i t y  between HSV and VZV. Compari- 
son o f  t he  known biochemical proper t ies o f  the HSV envelope g lycoprote ins with those o f  gp63, 
suggests t h a t  HSV gA/gB may be responsible f o r  e l i c i t i n g  the  cross-reactive antibodies. 
Resul ts  o f  immunoprecipitat ion experiments with monospecific an t i se ra  t o  i n d i v i d u a l  HSV glYC0- 
p ro te ins  w i l l  be presented and poss ib le  r o l e s  for  gp63 i n  VZV i n f e c t i o n  w i l l  be discussed. 

VZV EYVELOPE GLYCOPROTEIN GP63: BIOSYNTHESIS AND CROSS-RSACTIVITY WITH HSV,Clark M. 
Edson, BejsylA. Hosler: Richard Respess: Robert Schooley, David J. Waters?, and David 

Tu f t s  Univ. Sch. o f  Med., 'State B io log i c  Labs. ,'Dana-Farber Cancer Inst . ,  

A 63,000 dal ton Var ice l la-Zoster  virusCVZV1 envelope glycoprotein[gp63] was i d e n t i f i e d  i n  

This p ro teo l ys i s  was p a r t l y  i n h i b i t e d  by growth i n  the 

V i r a l  ma te r ia l  obtained from the ves i c le  f l u i d  
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1342 SEQUENCES I N  HCMV WHICH SHOW HOMOLOGY TO HUMAN DNA. 
Staprans, Sydney B. Shaw, and Deborah H. Spector. 
La Jo l l a ,  CA 92093. 

Richard 0. Rasmussen, S i l v i j a  I. 
Unive rs i t y  o f  Ca l i f o rn ia ,  San D i e m  

i n  an i n i t i a l  character izat ion o f  our s e t  o f  cloned EcoRI fragments f r o m  human cytomegalo- 
v i rus  (HCMV), s t r a i n  AD169. we found t h a t  several regions i n  the HCMV genome hybr id ized t o  
notmal c e l l  DNA. Included i n  t h i s  s e t  o f  fragments were 7 EcoRI fragnents (C,F,H,I,P,R,b) 
which shared l i m i t e d  homology w i t h  a po r t i on  o f  v - w ,  the oncogene o f  the avian r e t r o v i r u s  
NC-29. Recently we have been involved i n  studies t o  def ine more p rec i se l y  the nature o f  the 
c e l l - r e l a t e d  sequences i n  HCMV. I n  Southern hyb r id i za t i on  experiments we have found t h a t  a l l  
o f  these HCMV v-%related sequences are more c lose ly  re la ted  t o  the avian r e t r o v i r u s  v-E 
oncogene than t o  t 
analys is  o f  the v-=-related segment o f  EcoRI fragment R. This reg ion o f  the HCMV genome i s  
GC r i c h  and contains a 50 bp s t r e t c h  sharing 80% homology w i t h  two separate GC r i c h  regions 
i n  the 5 '  h a l f  of v-m c 
regions o f  d i v e r g e n c A t w e e n  the  v- c and human c- c genes. We k e  a d d i t i o n a l l y  found 
t h a t  two o f  the regions o f  HCNV w h i c R o n t a i n  v-rn c s a t e d  sequences (EcoRI fragments R and 
b) as we l l  as a t  l e a s t  one other  HCMV fragment (&I fragment d) share homology w i t h  a small 
reg ion o f  the human DNA coding fo r  28s r i b o s a a l  RNA. 
observed homology i s  o f  any functional s ign i f i cance  o r  merely a f o r t u i t o u s  consequence of the 
h igh GC content o f  these sequences. 

human c - w  gene, an observation which i s  supported by DNA sequence 

However, these homologous sequences i n  v-m c are found t o  be i n  

A t  present we do n o t  know i f  the 

1343 

The imnediate early viral polypeptide ICP4 (or Vmw175) is synthesized within two hours after 
infection of animal cells by herpes simplex virus (HSV). 
regulatory protein to induce the synthesis of delayed early proteins. 
ICP4 in a cell infected by wild-type HSV is relatively low due to a limited production of 
ICP4-specific mRNA. 
negatively controlled by regulatory elements located upstream from the coding sequences. 
have constructed three related amplicons in which a transcription initiation site and the 
sequences encoding Type I ICP4 are located inrmediately downstram from eGher (1) the 
immediate early promoter for ICP4, (2) the late promoter for ICPS (Vqw154). or (3) nonpromot- 
lng sequences in an adjacent procaryotic vector. Each of these amplicons has been transfeced 
into Vero cells along with HSV-2 helper virus and serially passaged to generate defective 
virions containing tandem repeats of the recombinant ICP4 genes. 
of Type 1 ICP4 in cells infected with each of the three defective stocks revealed barely- 
detectable amounts of Type 1 ICP4 in cells infected with defective virions having either. 
nonpromoter or irmaediate early promoter sequences adjacent to the Type I ICP4 gene. In 
c0ntrast.a much greater amount of ICP4 was detected in cells infected with defective virions 
having a late promoter adjacent to the Type I ICP4 gene. Experirents to establish the kine- 
tics of ICP4 synthesis in cells infected by these defective stocks are in progress. 

EXPRESSION OF AN IPPIEDIATE EARLY HSV GENE FROM A LATE PROMOTER, Kent Wilcox and 
Steve Faber, Medical College of Wisconsin, Milwaukee, WI 53226. 

ICP4 functions as a transcriptional 
The net synthesis of 

Apparently, transcription of the ICP4 gene is both positively and 
We 

Analyses of the synthesis 

1344 HAPPING OF THE RNA TRANSCRIPTS ENCODED OR PARTIALLY ENCODED BY THE S I I - N  
FRAGKENT OF HRIWES SIMPLEX VIRUS "WE 2 DNA, nary K. Howett, Frank J. Jenkins, 
and Fred Rapp, The Pennsylvania State University College of Medicine, Hershey, 

PA 17033 

The region of herpes simplex virus type 2 (HSV-2) DNA mapping from 0.58 to 
0.62 m a p  units (the W I I - N  fragnent) has been demonstrated by a number of investi- 
gators to morphologically transform cells in culture. This property has generated 
interest in the coding capacity of this fragnent. We previously reported detection 
of several RNA species encoded by this DNA fragoent and have now completed careful 
mapping of eight RNA transcripts that are' fully or partially encoded l?y HSV-2 
W I I - N  DNA sequences during lytic infection of monkey cells.' Cloned dubfragnents 
of this DNA region were generated and utilized for a proximate mapping studies in 
Rwa blot hybridization experiments. Subsequently, 3gP labeling of either the 5' or 
3' end of selected DNA subfragoents followed by hybridization to RNA, S1 nuclease 
digestion, and agarose gel electrophoresis were used to precisely locate the 
transcripts and to determine the direction of transcription. The similarities of 
the coding capacity of this region of HSV-2 DNA with published maps from the 
corresponding area of herpes simplex virus type 1, and a detailed map of eight 
trenscripts ranging in size from 1.5 to 7 kilobases will be presented. 
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STRAIN IN MIXED INFECTIONS, Thomas M. Hill and John R.  Sadler, Department of Biochemistry, 
Biophysics & Genetics, University of Colorado Health Sciences Center, Denver, CO 
The herpes simplex viruses induce dramatic 
viral infection. Certain strains of HSV characteristically inhibit the synthesis of cellular 
proteins very quickly (rapid shut-off) whereas other strains demonstrate a relatively slow 
inhibition of host protein synihesis (delayed shut-off). We have demonstrated that the rapid 
shut-off strain HSV-2 186 uses a vlrion,component to induce cellular shut-off and that the 
delayed shut-off straln HSV-I KOS requites viral protein synthesis to initiate cellular shut- 
off. in mixed infections of Friend erythroleukehia cells with HSV-2 186 and HSV-1 KOS, the 
HSV-I strain antagonizes the HSV-2-induced rapid shut-off of host protein synthesis. Exclusion 
of the HSV-2 strain by HSV-1 is not the cause of the observed interference: Southern blot 
analysis of HSV-I x HSV-2 infected cell nuclear DNA preparations shows that the amount of 
HSV-2 DNA reaching the cellular nucleus at 1.5 hours post-infection is identical in either 
mixed or single infections. UV-irradiated HSV-1 KOS is also capable of preventing the rapid 
shut-off of cellular protein synthesis by HSV-2 186, suggesting that a virion component of 
the HSV-I strain is responsible for the observed viral interference. We postulate that HSV-I 
KOS possesses a virion component which competes for the same target site within the cell as 
the HSV-2 186 rapid shut-off component, but that the HSV-1 component is not capable of rapidly 
inhibiting cellular protein synthesis under our conditions of infection. 

A DELAYED SHUT-OFF STRAIN OF HERPES SIMPLEX VIRUS TYPE 1 (HSV-I KOS) CAN COMPETITIVELY 
iNHlBiT THE RAPID SHUT-OFF OF CELLULAR PROTEIN SYNTHESIS INDUCE0 BY THE HSV-2 186 

80262 
changes in cellular protein synthesis following 

REGULATED HIGH-LEVEL EXPRESSION OF THE HERPES SIMPLEX TYPE 1 THYHIDINE KINASE GENE IN - -  E. COLl, Joan L. Betz, David L. Hare and John R. Sadler, University of Colorado Health 
Sciences Center, Denver, CO 80262 
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A plasmid cloned Herpes Simplex Virus type 1 (HSV-1) thymldine kinase gene (TK) was expressed 
in E. coli by inserting a 203 bp lac UV5/L8 promoter-operator segment, in frame, 53 nucleo- 
tidzs 5'0 the native TK translaxnal start codon. 
construction encodes a polypeptide which has 25 additional amino acids on the amino terminus 
of the HSV TK protein. The fusion polypeptlde phenotypically complements a tdk- mutation of 
E. coli. We have demonstrated that the fusion polypeptide contains the H S V - n K  sequences 
sy =cell, imnunoprecipitatlon and native gel electrophoretic techniques. Activity of the 
fusion TK product is completely inhibited by anti-HSV-1 antiserum, whereas the activlty of 
E. coli TK is unaffected by the antlserum. When the recombinant plasmid is in a strain con- 
tai- a laclq gene (overproduction of lac repressor). the inducer galactoside IPTG causes 
a greater z n  1000-fold coordinate indumon of the plasmid-encoded TK and the chromosomal - lac2 (8-galactosidase) activities. 
8-galactosidase by pulse-chase induction experiments. 
bacterial strain has a short half-life, simllar to m y  bacterial messages. 

The hybrid gene resulting fran this 

- 
The fusion TK polypeptide was show to be as stable as 

HSV TK-speclflc RNA isolated from the 

1347 
To examine the molecular mechanism whereby EBV-conversion amplifies proviral MuLV antigens in 
human lymphomas (Lasky, R.D. and Troy, F.A. (1984) PNAS, In Press), DNA restriction mapping 
analyses of Ramos lymphoma lines and its EBV-converted sublines have been initiated. The MuLV 
copy number, methylation-demethylation events and insertional activation of MuLV by EBV-inte- 
gration into the lymphocyte genome have been examined. 
BamHlC and EcoRI DJhet cloned in pBR322 and MuLV clone 4070A in pBR322 to map the location of 
the two viruses within the chromosomal DNA of Ramos converted lines, we'have determined that: 
1)The EBV clones only hybridized to the EBV-converted lines of Ramos dnd BJAB and not to their 
EBV-negative parental lines; 2)Increased copy number of the MuLV protirus does not appear to 
be the mechanism of MuLV amplification since Ramos and AW-Ramos both contain ca. 8 proviruses; 
3)Use of methylation sensitive restriction enzymes indicated that methylation of lymphoid DNA 
does not appear to be the cause of amplification; 
cated that contain both EBV DJhet probe and the MuLV sequences. AW-Ramos contained coincident 
bands with both,the EBV DJhet probe and the MuLV whole virus clone. Coincident bands for AW- 
Ramos, EHRA-Ramos and Ramos-B95-8 were also seen using restriction endonuclease digestion. We 
interpret the large number of coincident bands to indicate the likelihood that EBV integrates 
close to a MuLV provirus. Further studies will be required to confirm that the two viruses 
are on the same fragment and to more accurately determine the distance between EBV and MuLV. 

MOLECUIAR MECHANISM OF PROVIRAZ, MuLV AMPLIFICATION IN HUMAN LYMPHOMA LINES BY EPSTEIN- 
BARR VIRUS, Frederic A. Troy and John Menke, Univ, of Calif., Davis, CA 95616 

U s i n g  EBV DNA fragments BamHlA, 

4)Chromosomal DNA fragments have been lo- 
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1348 VIRUS SPECIFICITY OF THE GENE ERA-T aDDING FOR TEE 64,000 DALTON GLYCOPROTEIN 
OF HUMAN CYTOI(EGACOV1RUS (HCMV). Margaret A. Church i l l ,  Hema Pande, Steven W. 

Baak, and John A. Zaia. Beckman Research I n s t i t u t e  of the C i t y  of Hope, Duarte,  CA 91010. 

A 64-66K d a l t o n  glycoprotein (HCMV-gp64) is presen t  in r e l a t i v e  abundance du r ing  the 
late stages of i n f e c t i o n  with HCW (Towne s t r a i n ) .  A cloned 800 base p a i r  fragment,  which 
codes f o r  a po r t ion  of this p ro te in ,  was w e d  as a probe f o r  HCW-specific DNA sequences 
i n  i n f e c t e d  cells. This  fragment maps from 0.5 t o  0.51 map u n i t s  i n  the  HCW (Tome) 
genome. %is por t ion  of the genome has no t  been r epor t ed  to be homologous to e i t h e r  
c e l l u l a r  OK to onc genes. W e  i nves t iga t ed  whether the cloned f r agnen t  would hybr id i ze  to 
e x t r a c t s  from various herpesvirus- infected or uninfected cells.\< The 800 base pair 
f r a g n e n t  w a s  3 2 ~ l a b e l e d  and used as a probe i n  a d o t  blot assay. Hybridizat iod was 
d e t e c t e d  with e x t r a c t s  from cells in fec t ed  with three l abora to ry  s t r a i n s  of HCHV (Towne, 
AD169, and Davis)  and with a l l  c l i n i c a l  isolates of HCMV t e s t e d  to da te .  Ihe cloned 
fragment d i d  no t  hybr id i ze  to e x t r a c t s  from cells i n f e c t e d  with herpes simplex v i r u s  types 
1 and 2, v a r i c e l l a  z o s t e r  virus, Qstain-Fmrr  v i rus ,  s e v e r a l  simian cytomegaloviruses,  and 
un in fec t ed  cells. Since the  f r aqnen t  coding f o r  HCW--64 hybr id i zes  s p e c i f i c a l l y  with 
nuc leo t ide  sequences found i n  HCMV-infected cells, t h i s  probe can be used to d i f f e r e n t i a t e  
HCHV from other herpesviruses .  

1349 DIFFERENT PATTERNS OF EBV-DETERMINED PROTEINS SYNTHETIZED DURING REPLICATIVE INFECTION 
I N  NORMAL CELLS AND AFTER INDUCTION OF RAJI CELLS, F. S inang i l  and D.J. Volsky, UNMC, 
Dept. of Patholology and Eppley I n s t .  f o r  Cancer Res. Omaha, NE. 68105. 

Ly t i c  i n f e c t i o n  of rodent lymphocytes by EBV, fol lowing implantat ion of v i r a l  receptors ,  p e r  
m i t s  s tudying v i r a l  r e p l i c a t i v e  cyc le  i n  normal c e l l s .  Mouse or r a t  splenocytes  were i s o l a t -  
ed, implanted wi th  EBV r ecep to r s  and in fec t ed  by EBV a s  previously descr ibed.  5-10% of c e l l s  
expressed t h e  e a r l y  (EA) and v i r u s  capsid (VCA) an t igens  48 h r s  a f t e r  t he  in fec t ion .  
r e l eased  i n f e c t i o u s  v i r a l  p a r t i c l e s  but were not immortalized. 
i d e n t i f i e d  by SDS-PAGE of immunoprecipitates obtained from e x t r a c t s  of (35S)-methionine- 
l a b e l l e d  EBV-infected c e l l s .  26 EBV-specific p ro te ins  ranging from 15 t o  168 kd were detected 
24 h a f t e r  i n fec t ion .  27, 44, 63, 72 and 87 kd p r o t e i n s  were dominant. S imi l a r  a n a l y s i s  of 
chemically-induced or supe r in fec t ed  R a j i  c e l l s  yielded a completely d i f f e r e n t  polypept ide pat- 
tern, inc lud ing  19 EBV-specific p ro te ins  ranging from 19.5 t o  355 kd, with dominant bands a t  
37, 49.5, 58, 70, 90, 125, 152 and 170 kd. Most no tab le  d i f f e rence  was the  predominance of a 
44 kd band i n  mouse and r a t  c e l l  e x t r a c t s ,  and l ack  of polypept ides  over 168 kd. 
l e a s t  two p r o t e i n s  present  i n  R a j i  c e l l  e x t r a c t s ,  260 and 355 kd, a r e  components of t he  v i r a l  
capsid,  our r e s u l t s  i n d i c a t e  t h a t  t he  assembly of new EBV v i r i o n s  i n  normal c e l l s  w a s  not c o w  
p l e t e d  24 h a f t e r  primary in fec t ion .  The p a t t e r n s  of EBV-specific p ro te ins  i n  mouse and rat 
lymphocytes, but not i n  R a j i  cells, were i d e n t i c a l ,  i n d i c a t i n g  t h a t  we were de t ec t ing  the  a c t u a l  
t r a n s l a t i o n a l  products of t he  i n f e c t i n g  v i r a l  genome. These f ind ings  are being confirmed by 
e l e c t r o n  microscopy, pulse-chase experiments,  and use of metabol ic  i n h i b i t o r s  and DNA syn thes i s  
blockers.  Our approach permits  a n a l y s i s  of the t r a n s c r i p t i o n a l  and t r a n s l a t i o n a l  products  of 
d i f f e r e n t  EBV s t r a i n s  i n  normal c e l l s  and k i n e t i c  s tudy of t he  v i r a l  reproduct ive cycle.  

The c e l l s  
EBV-determined p ro te ins  were 

Since a t  

EXPRESSION OF EBV DNA AND CLONED DNA FRAGMENTS I N  FRESH HUMAN B LYMPHOCYTES: EBV 
ANTIGENS INDUCTION AND EFFECT ON CELL TRANSFORMATION. D.J. Volsky, T. Gross, R. 1350 
Bar tza t t ,  C. Kuszynski, 8. Volsky and F. Sinangi l ,  UNMC, Dept. of Pathol.  and Eppley 
I n s t .  f o r  Cancer Res., Omaha, NE. 68105. 

I d e n t i f i c a t i o n  of Epstein-Barr v i r u s  (EBV) genes r e spons ib l e  f o r  inducing lymphocyte immor- 
t a l i z a t i o n  and con t r ibu t ing  t o  the  process  of lymphomagenesis has been hampered by the  lack of 
v i r a l  m t a n t s .  In an a l t e r n a t i v e  approach, w e  s tudy the  expression of p u r i f i e d  EBV DNA and 
cloned DNA fragments i n  normal human lymphocytes (HL). DNA is int roduced i n t o  HL by our 
r e c e n t l y  developed gene t r a n s f e r  method based on r econs t i t u t ed  Sendai v i r u s  envelopes (RSVE). 
We repor t  he re  t h a t  t he  RSVE-tranferred pu r i f i ed  EBV DNA (B95-8 s t r a i n )  induced EBV-nuclear 
an t igen  (EBNA) i n  0.2-1% of HL 48 h a f t e r  t r ans fe r .  
i nc rease  in c e l l u l a r  DNA syn thes i s ,  however, c e l l  immortal izat ion w a s  not achieved. Cloned. 
RSVE-transfserred SalIF-1 (9  kbp) and a sma l l e r  BamHI K (5.2 kbp) fragment of B95-8 EBV DNA 
a l s o  induced EBNA i n  up t o  4% of c e l l s .  However, no s t imu la t ion  of c e l l u l a r  DNA syn thes i s  or 
promotion of c e l l  immortal izat ion w a s  detected with these fragments,  suggest ing t h a t  t he  
EBNA-coding gene(s)  is not an autonomous t ransforming gene of EBV. 
D-1 (AG876 v i rus ) ,  or combination of Bad1 X and H (B95-8 v i rus ,  2 and 7 kbp, r e spec t ive ly )  
fragments of EBV DNA s i g n i f i c a n t l y  s t imu la t ed  HL DNA synthesis .  No EBNA-positive HL were 
detected,  and immortal izat ion was not achieved. The an t igens  a s soc ia t ed  wi th  the  l y t i c  cycle  
of the v i rus ,  EA and VCA, were not observed a f t e r  DNA or any fragment t r a n s f e r .  These r e s u l t s  
suggest  t h a t  cell t ransformation by EBV r equ i r e s  co l l abora t ion  between s e v e r a l  v i r a l  and 
perhaps c e l l u l a r  genes. Our approach w i l l  be u se fu l  f o r  analysing these  in t e rac t ions .  

The v i r a l  DNA a l s o  induced 5-15-fold 

I n  con t r a s t ,  9 kbp B a d 1  
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1351 STIMULATION OF DNA SYNTHESIS I N  MOUSE LYMPHOCYTES AFTER INITIATION WITH CHEMICALS AND 
SUBSEQUENT INFECTION WITH EBV. C. Kuszynski and D. J. Volsky, Dept. of Pa thol .  & Lab. 
Med. and the  Eppley I n s t .  f o r  Cancer Res. ,  UNMC, Omaha, NE. 68105. 

C e l l  t ransformat ion  by EBV is r e s t r i c t e d  t o  mature human B lymphocytes. Th i s  hos t  cell 
r e s t r i c t i o n ,  and the  l ack  of v i r a l  m t a n t s  and permiss ive  system f o r  v i r u s  r e p l i c a t i o n ,  have 
made s tudy  of EBV d i f f i c u l t .  We have approached t h i s  problem by a t t empt ing  chemica l /v i r a l  
t r ans fo rma t ion  i n  mouse lymphocytes (ML). The cells were implanted wi th  f u n c t i o n a l  v i r a l  
r e c e p t o r s  and i n f e c t e d  by i n t a c t  EBV as p rev ious ly  repor ted .  
than  cell t ransformat ion  was observed, sugges t ing  l ack  of mouse ce l l  c o n t r o l  over  the  EBV l i f e  
cycle.  To i n v e s t i g a t e  whether t h i s  mode of EBV-host c e l l  i n t e r a c t i o n  can  be a l t e r e d ,  we 
p r e t r e a t e d  ML i n  v i t r o  w i t h  known chemical i n i t i a t o r s .  d imethylbenzanthracene  (DMBA), 
methyln i t rosourea  (MNU) and N-methyl-N'-nitrosoguanidine (MNNG). 
receptor-implanted and in fec t ed  by EBV. Cel l  p r o l i f e r a t i o n  was t e s t e d  by (3H)-thymidine 
inco rpora t ion  into t o t a l  c e l l u l a r  DNA. 
chemica l lv i r a l  t rea tment .  
f e r a t i o n  of EBV-infected ML 10-15 times above t h e  con t ro l .  Addi t ion  of t he  v i r u s  a t  va r ious  
times a f t e r  i n i t i a t i o n  a l s o  had a s t imu la to ry  e f f e c t  on p r o l i f e r a t i o n ,  w i th  24-48 hours pos t  
chemical y i e l d i n g  maximum i n c r e a s e  i n  ML DNA syn thes i s .  Addi t ion  of P3HR-1-substrain of EBV 
p r i o r  t o  B95-8 s u b s t r a i n  f u r t h e r  increased  the  s t imu la t ion .  
w a s  prolonged. The e f f e c t  of t hese  manipula t ions  on EBV l y t i c  cyc le  i n  mouse lymphocytes i s  
now under inves t iga t ion .  
mation by t he  v i rus ,  t h e  observed s t imu la t ion ,  i f  main ta inable ,  may y i e l d  EBV-transformed 
mouse c e l l s .  

F u l l  v i r a l  l y t i c  cyc le  r a t h e r  

The p r e t r e a t e d  cells  were 

Cel l  growth was monitored f o r  4-6 weeks a f t e r  t h e  
Our r e s u l t s  show t h a t  chemical pre t rea tment  increased  the  p ro l i -  

The l i f e  span  of cells i n  c u l t u r e  

S ince  inc reased  c e l l u l a r  DNA s y n t h e s i s  is  r equ i r ed  f o r  ce l l  t r a n f o r  

1352 INTRODUCTION OF EBV DNA INTO LYMPHOCYTES USING RECONSTITUTED SENDAI VIRUS ENVELOPES 
(RSVE): QUANTITATIVE AND QUALITATIVE DEFINITION OF THIS GENE TRANSFER SYSTEM. 
B a r t z a t t ,  F. S inang i l  and D.J. Volsky, Dept. o f  Pathology 6 Eppley Ins t . ,  UNMC, 
Omaha, NE. 68105. 

The known DNA-transfer techniques  cannot e f f i c i e n t l y  in t roduce  i s o l a t e d  EBV DNA and subgenomic 
fragments i n t o  lymphocytes. 
r e c o n s t i t u t e d  Sendai v i r u s  envelopes (RSVE). 
r e c o n s t i t u t i o n  and t r a n s f e r r e d  i n t o  cel l  i n t e r i o r  by v e s i c l e - c e l l  fus ion .  Because of the  
i n c r e a s i n g  importance of DNA t r a n s f e r  f o r  f u n c t i o n a l  a n a l y s i s  of euca ryo t i c  genomes, and f o r  
gene therapy  i n  the  fu tu re ,  we have under taken  a n a l y s i s  of t he  e f f i c i e n c y  of t he  RSVE-mediated 
EBV DNA t r a n s f e r  compared t o  o t h e r  DNA t r a n s f e r  methods. Using a c a l c e i n  f luorescence  
quenching procedure we determined the  volume of t he  i n t e r n a l  aqueous compartment of RSVE. The 
s i z e  of the  compartment, o r  t r app ing  volume of RSVE, depended on the  concen t r a t ion  of T r i t o n  
X-100-solubilized SV envelope p ro te ins ,  reaching  about 4% of the  t o t a l  volume of the  system 
wi th  2 mg SVE pro te in lml .  
ach ieved  by concen t r a t ing  t h e  RSVE 4-5-fold, followed by s o l u b i l i z a t i o n  and r e c o n s t i t u t i o n .  
The p ropor t ion  of DNA t rapped  w i t h i n  RSVE depended on t h e  s i z e  of the  genome. 
of the (3H)-labelled cloned EcoRI B fragment of EBV DNA (33  kbp) added t o  the  r e c o n s t i t u t i o n  
mixture  ( 5 0 ~  g DNA pe r  2 mg SVE pro te in lml )  w a s  unaccess ib l e  t o  D N A s e  a f t e r  r e c o n s t i t u t i o n ,  
i n d i c a t i n g  entrappment wi th in  RSVE, only  1.5% of i n t a c t  EBV DNA (approx. 170 kbp) was trapped 
under the  s a m e  condi t ions .  The e f f i c i e n c y  of t h e  t r a n s f e r  var ied ,  a s  judged by the  express ion  
of i n t a c t  EBV DNA and EBNA-coding fragment, between 0.2% and 4%. These s t u d i e s  w i l l  permit 
op t imiza t ion  of t he  RSVE-mediated EBV DNA t r a n s f e r  i n t o  lymphocytes. 

R.L. 

We have r e c e n t l y  developed gene t r a n s f e r  method.based on 
DNA is t rapped  i n s i d e  RSVE dur ing  envelope 

Fur the r  i nc rease  i n  t h e  t r app ing  volume, t o  17% and more, cou ld  be 

While about 3% 

1353 TRANSFORMATION OF NORMAL HUMAN LYMPHOCYTES BY COINFECTION WITH UV-INACTIVATED EPSTEIN 
-BARR VIRUS (EBV) AND PURIFIED EBV DNA. T. Gross. R. L. B a r t z a t t ,  and D. J. Volsky, 
UNMC, Dept. o f  Pathology 8 Eppley Ins t .  f o r  Cancer Res. (maha, NE. 68105. 

EBV has t h e  c a p a b i l i t y  o f  e f f i c i e n t l y  t rans fo rm ing  human B-lymphocytes i n  v i t r o .  
fo rming  a c t i v i t y  and i t s  r e l a t i o n  t o  the  genesis o f  B u r k i t t ' s  l y m p h o m a , % ~ r l y  understood. 
I n  an a t tempt  t o  eva lua te  t h e  i n t e r a c t i o n  between EBV and t h e  na tu ra l  hos t  c e l l  genome, we 
have app l i ed  Sendai v i r u s  (RSVE)-mediated gene t r a n s f e r  t o  i n t roduce  p u r i f i e d  EBV-DNA and 
c loned DNA fragments i n t o  human lymphocytes (HL). We found t h a t  EBV DNA, i s o l a t e d  from 895-8 
c e l l s  and RSVE-transferred i n t o  HL, induced EBNA i n  0.2-l% o f  c e l l s  and s t imu la ted  c e l l u l a r  
DNA synthes is ,  as measured by (3H)-thymidine i nco rpo ra t i on .  However, these e f f e c t s  were 
t r a n s i e n t  and c e l l s  were no t  immortal ized, i n d i c a t i n g  t h a t  p u r i f i e d  EBV DNA lacked the  capabi-  
l i t y  t o  t rans fo rm HL. Conceivably, c e r t a i n  component(s) o f  t he  v i r i o n  t h a t  i s  normal ly  
c a r r i e d  i n  by i n t a c t  v i r u s  du r ing  i n f e c t i o n  migh t  be requ i red  f o r  c e l l  t rans format ion .  To 
eva lua te  t h i s  p o s s i b i l i t y ,  we UV- i r rad ia ted  the  895-8 v i r u s  t o  i n a c t i v a t e  v i r a l  DNA, and used 
i t  f o r  c o i n f e c t i o n  w i t h  RSVE-transferred p u r i f i e d  895-8 v i r u s  DNA. 
inc reased c e l l u l a r  DNA synthes is ,  and t rans fo rma t ion  was achieved. One o f  t he  es tab l i shed  
c e l l  l i n e s ,  NEB-1, has been kept  con t inuous ly  i n  c u l t u r e  f o r  more than 3 months, and i s  sub- 
m i t t e d  t o  d e t a i l e d  m l e c u l a r  ana lys is .  
u s i n g  UV- inac t iva ted  nont rans forming P3HR-1 EBV subs t ra in .  Al though b las togenes is ,  inc reased 
c e l l u l a r  DNA synthes is ,  and c e l l  c lumping were observed, no immor ta l i zed  c e l l  l i n e s  were 
ob ta ined  i n  these experiments. Using the  c o i n f e c t i o n  w i t h  UV- inac t iva ted  t ran fo rm ing  v i rus ,  
c loned fragments o f  EBV DNA and DNAs o f  d i f f e r e n t  EBV s t r a i n s  a re  now s tud ied  t o  understand 
t h e  requirements f o r  c e l l u l a r  t ran fo rma t ion  by EBV. 

The t rans -  

C e l l s  expressed EBNA, 

S i m i l a r  c o i n f e c t i o n  exper iments were a l s o  performed 
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13% GENETIC ANALYSES OF HSV-1 dDNA LAMBDA AND PLASMID CHIMERIC MOLECULES PROPAGATED 
I N  EUKARYOTIC CELLS Susan E. Bearl,  Anamaris M. Col berg-Poley2,Barrie Car ter2 
and Lynn W. Enquist3,lNational Cancer I n s t i t u t e ,  FCRC. Frederick, Md. 21701; 
2 National I n s t i t u t e  o f  A r t h r i t i s ,  Diabetes and Digest ive and Kidney Diseases, 
NIH, Bethesda, Md. 20205; 3 b l e c u l a r  Genetics Inc., Minnetonka, Minn. 55343. 

Defect ive i n t e r f e r i n g  particles(dDHA) o f  HSV-1 have been recognized as poss ib le  eukaryot ic  
c lon ing  vectors f o r  l a rge  fragments o f  DNA. Inc lus ion o f  a prokaryot ic  r e p l i c a t i o n  o r i g i n  
i n t o  dDNA creates a chimeric DNA molecule w i t h  propagation p o t e n t i a l  i n  prokaryot ic  and 
eukaryot ic  ce l l s .  
c lass I dDNA fragment(HSV 12-7) bu t  a d i f f e r e n t  prokaryot ic  rep l i con :  l ) a  recombinapt DNA 
molecule o f  dDNA and the  lambda vector agtWES-XB, and 2)a smaller hyb r id  molecule of dDNA 
and the  plasmid vector  pBR325. Transfection o f  c i r c u l a r i z e d  monomer-chimeric moleculei 
i n t o  Vero c e l l s  and i n f e c t i o n  w i t h  HSV-1 helper v i r u s  resu l ted  i n  the  amp l i f i ca t i on  and 
packaging o f  t he  chimeric molecules i n t o  i n fec t i ous  HSV pa r t i c l es .  
endonuclease analys is  o f  t h i s  v i r i o n  DNA from e a r l y  passages showed extensive novel 
rearrangements i n  the a DNA. Some novel rearrangements a l so  appeared i n  the  propagated 
pBR325::12-7 chimeric molecule. The amp l i f i ed  pBR325::12-7 DNA could transform E. c o l i  
t o  a m p i c i l l i n  and t e t r a c y c l i n e  resistance. However, the xgtWES::12-7 DUA isOlatFd frrm 
HSV v i r i o n s  could no t  be successfu l ly  recovered i n  bacteriophage p a r t i c l e s  by i n  v i t r o  
packaging o f  HSV v i r i o n  DNA. 

We examined two chimeric molecules, each conta in ing the  same 9.5 kb 

However, r e s t r i c t i o n  

HARACTERIZATION OF THE HSV 1 GLYCOPROTEIN gB GENE, Rae Lyn Burke, Carol Pachl, 1355 1. 
ichard  Najarian, Chiron Corporation, 4560 Horton Street ,  Emeryvi l le, CA 94608 

We have cloned and sequenced the gene f o r  g lycoprote in  gB from HSV 1 ( s t r a i n  Patton) 
The gB coding reg ion contains those elements c h a r a c t e r i s t i c  o f  a membrane g lycoprote in  
i nc lud ing  an NH2-terminal s ignal  sequence, N-1 inked g l ycosy la t i on  s i t es ,  and a hydrophobic 
anchor reg ion near the  COW-terminus. The i d e n t i t y  o f  the gB sequence has been v e r i f i e d  
by hyb r id  se lec t i on  and t r a n s l a t i o n  o f  the mRNA fo l lowed by imnunoprec ip i ta t ion w i t h  a 
gB-specif i c  monoclonal antibody. 

Glycoprotein B has been p u r i f i e d  from HSV 1-infected c e l l s  by imnunoaf f in i ty  
chromatography fo l lowed by preparat ive gel e lect rophores is .  
p r o t e i n  us ing automated Edman degradation has been p e r f o m d  t o  determine the NH2-terminus 
o f  the mature p r o t e i n  and t o  v e r i f y  the nuc le i c  ac id  sequence analys is .  
t o  express t h i s  g lycoprote in  i n  yeast and mamnalian expression systems w i l l  be presented. 

Sequence analys is  o f  t h i s  

Experiments 

1356 

A large number of temperature-sensitive (ts) mutants of HSV-1 in the gene encoding the imme- 
diate early transcriptional regulatory protein, ICP4, have been isolated and characterized 
with respect to the expression of the immediate early (IE), early (E), and late (L) viral 
gene products. The hallmark of these mutants is the overproduction of IE, and the underpro- 
duction of E and L gene products. The present study involves the preliminary genetic and 
molecular characterization of two unique regulatory mutants of HSV-1, ts48 and ts303. 
mutants exhibit inefficient complementation with 8 ts mutants in complementationgroup 1-2 
which defines the gene for ICP4. 
3' portion of the coding sequence for ICP4. SDS-PAGE analysis of-ts48- and ts303-infected 
cell polypeptides synthesized at the nonpemissive tmperature demGstrates =at IE poly- 
peptides ICP4 and ICP27 are overproduced with the simultaneous production of E polypeptide3 
ICP6, ICPB, gB, ICP25, ICP29 and others. Late gene products, howeveri are either absent or; 
underrepresented under similar conditions. 20-60% of wild-type levels of viral DNA are s p -  
thesized at the nonpemissive teinperature in ts48- and s303-infected cells indicating that 
IE and E gene functions are intact (or nearlyso) and that the block in ts48 and ts303 is in 
a regulatory event subsequent to that exhibited by other mutants in grourl-2 whiz are DNA-. 
Thus, the phenotypic properties of ts48 and ts303 are distinctly different from those of oth- 
er mutants in ICP4 and suggest a muEifunctiKa1 role for this important regulatory protein. 

TEMPERATURE-SENSITIVE MUTANTS OF HSV-1 DEFECTIVE IN A LATE REGULATORY FUNCTION. 
Neal A. DeLuca, Moira A. Courtney and Priscilla A. Schaffer, Dana-Farber Cancer 
Institute and Harvard Medical School, Boston, Massachusetts 02115 

Both 

Marker rescue expGiments place the mutation in f548 in the 
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We have used the herpes 
the r e p l i c a t i o n  o f  HSV DM. 
t o  propagate i n t o  defect ive genanes i n  the presence o f  helper v i rus  DNA we have mapped three 
r e p l i c a t i o n  o r i g i n s  w i t h i n  the standard HSV genome. The f i r s t t w o  o r i g i n s  ( o r i - 1  and o r i - 1 ' )  
have been loca l i zed  w i t h i n  the c i nve r ted  repeat sequences, whereas the t h i r d  o r i g i n  (o r i -2 )  
has been mapped w i t h i n  a 750 b p s e g w n t  around coordinate 0.40. Ori-2 sequences are deleted 
dur ing c lon ing i n  bacter ia  bu t  are restored dur ing t ransfect ions w i t h  he lper  v i rus  DNA by an 
e f f i c i e n t  ncombinat ional  event w i t h i n  the 300 bp sequences f l ank ing  the delet ion.  We have 
mapped the cleavage/packaging s ignal  o f  kSV DNA and the s ignal  f o r  a a n p l i f i c a t i o n  t o  w i t h i n  
250 bp sequences o f  the a sequence. CotCansfection o f  c e l l s  w i t h  a G l i c o n s  conta in ing 
dupl icated sequences i n  a i r e c t  o r  ' inverted o r ien ta t i ons  r e s u l t s  i n  homologous reconbinations 
leading t o  de let ions and inversions. 
o f  the type o f  sequences invo lved i n  as much as inversions and delet ions were observed 
when the dupl icated sequences were derived from the S-L junct ions,  por t ions o f  the t k  gene o r  
pBR-322 DNA. 
nents i n  standard v i rus  DNA i s  cu r ren t l y  under invest igat ion.  

1358 

STUDIES OF CIS-ACTING REPLICATION FUNCTIONS OF HERPES SIMPLEX VIRUS DNA. 
Louis P. k i s s  and Richard R. Spaete. Un ive rs i t y  o f  Chicago, Ill. 60637. 

Niza Frenkel , 

simplex v i rus  (HSV) anpl icon system t o  study c i s -ac t i ng  s ignals  i n  
By assaying the a b i l i t y  o f  deleted versions o f  seed amplicons 

These homologous recombinations occurred regardless 

The relevance o f  these recombinations t o  the inversions o f  the S and L compo- 

HE ESVImS MUT.AhTS: ISOLATION AND UTILITY, Donald M. Coen. 
=zPhazcology, Harvard Medical School, Boston, MA 02115 

Drug-resistant virus mutants are valuable for several reasons including 1) assessment of the 
likelihood of resistance and cross-resistance in the clinic. 2) analysis of the mechanism of 
action of antiviral drugs, 3)identification and functional subdivision of viral genes, and 
4 )  facilitation of the isolation and characterization of mutants affecting viral gene expres- 
sion. 
virus (HSV) mutants resistant to acyclovir (ACG) , arabinosyladenine (araA) , and/or phosphono- 
acetic acid (PAA): 1) These mutants can be isolated in a single step by plaque isolation un- 
der drug-containing overlays. 
mixed populations and to recognize mutants exhibiting less common phenotypes such as ACG-resis- 
tance due to polymerase (&) mutations.) 
mutants' properties suggest possible clinical solutions. 2) pol gene mutations can confer re- 
sistance to any of these three drugs (in the case of araA, in the presence or absence of adeno- 
sine deaminase inhibitors) implying that polymerase is a target or the drugs. 3) The pol 
gene was initially identified with the aid of PAA-resistant.mutat&. Pol mutations conferring 
varying sensitivities to drugs which mimic polymerase substrates 'have been mapped to distinct 
sites in the pol gene, providing a beginning for dissecting functional sites on the polymerase 
molecule. 4 )  A cloned mutant thymidine kinase (TK) gene conferring conditional resistance to 
ACG has been used to incorporate altered TK promoters into E V  without selecting for their 
effect on TK expression. 
examining the relative ACGsensitivity of mutant isolates. 

1359 
Herpes viruses temporally control the expression of their genes such that viral proteins can 
be categorized as 'immediate'early', 'early' or 'late'. We have demonstrated that GVPII, a 
glycoprotein of the Bovine herpes virus-1 is an 'Early' protein and that at least one glyco- 
protein specified by field isolates of herpes simplex viruses may fall into this category. 
These glycoproteins are of interest since they are made early in infection and are the only 
imunologicaly important viral markers expregsed on the surface of qlrus infected cells in 
the absence of viral DNA replication. Studies on the characterization of these Droteins and 
their interaction with the immune system,will be presented. 

Each of these rationales can be illustrated by the results of studies of herpes simplex 

(Repeated plaque puriflcation has proven essential to avoid 

This suggests possible clinical problems while the 

The relative effect of such altered promoters can be assayed by 

EARLY GLYCOPROTEINS SPECIFIED BY HERPES VIRUSES, Vikram Misra and Christine Baugh, 
Department of Vet. Microbiology, W.C.V.M., University of Saskatchewan, Canada S7N OW0 

A --ACTING W T  OF lFIE IBV GENOME TEAT PERMITS PIASMID REPLICATION, 3. YateS, 
N. Warren, D. Reisman, and B. Sugden, University of Wisconsin, Madison. W I  53706. 
DNA fragments representing 99% of the EBV g e m  were cloned onto a plasmid vector 

pKan2 which expresws resistance to the antibiotic 6418 when introduced into laamnalian 
cells. Using C-4 precipitation, we introduced the recombinant plasmids into EBV 
genome-positive and -negative cells. pBanC, pKan2 containing the aap C fragment of EBV, 
yielded 10-100 times more G418-resistant colonies than did any other plasmid when tested 
in the EBV gem-positive cell lines D98/Faji or D98/P3ER1. With the EBV g e m -  
negative cells 143 or Balb3T3 neither pBamC nor any other recoabinant plasmid gave 
markedly more G418-resistant colonies than did the vector, -2. 

Clones of D98/Raji transfected with peaf contained 5-20 copies of plasmid per 
cell, as determined by Southern blot analyais of Eirt extracts. Cutting with methyl- 
sensitive endonucleases showed that the plasmid had been replicated. Unaltered pBamc 
plasmid cwld be recover& in E .  & transformed with the Eirt supernatants. 

Deletion analysis of p e e  revealed that 1790 bp to the left of Z R I  J are 
sufficient for stable plasmid replication. An 800 bp region camposed of a family of 30 
bp direct repeats and a 250 bp region containing elements of dyad symnetry about 1 kbp 
away are both required for function in w r  assays. 

We refer to the identified *-acting element(s) as &, for &gin of @ a d d  
replication. Our experiments suggest that EBV expresses --acting products that act 
QI Ocip to m t r o l  replication and/or ra in tervnoe of Emr plasmids in transformed cells. 
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LNSERTIONAL MUTAGENESIS OF THE HSV-1 GENE ENCODING THE d UTPASE.Valerie 
G. Preston and Fiona Fisher, Inst. of Virology, Church St. Glasgow,UK. 1361 

A novel approach was used to identify the gene encoding the HSV-1 gUTPase. 
The entire immediate-early promoter or the far upstream regulatory sequence 
of the Vmw175 (ICPI) gene was inserted in front of genes located between map 
units 0.67 and 0.68 and the plasmids screened for the ability to induce 
e a s e  activity in a transient expression assay. One clone, containing 
meveral genes, induced high levels of enzyme activity. ,The specific gene 
wa8 identified by linker inmartton witihQr.$ts codiqg sqqyences. 

ALTERED EXPRESSION OF MHC GENES I N  HSV AND OTHER TRANSFORMED CELLS. Robin A. Robinson, 
Hary L. Hedley. Sharon Hc Hl l lan.  and J i m  Forman. Univ. Texas Health Sci. C t r .  Dallas, 
Dallas. TX 75235. 

1362 

One mans by whlch v l r a l  tunor genes may mediate the transforming phenotype i s  regulation o f  
the expression o f  speci f ic  ce l l u la r  genes. Several murlne strains o f  primary and 3T3 ce l l s  
transformed morphologically by herpes simplex v i rus types 1 6 2 (HSV-1, -2). adenovirus (Ad) 
types 5 6 12. o r  SV40 6 polyana were exanlned f o r  the expresslon o f  major histocompatibil i ty 
gene (HHC) transcrlpts and polypeptides w i  
Enhanced levels (> 10 f o l d  Increase) i n  t r a s c i p t  baundancies under steady state conditions 
of several WC class I genes were noted I n  HSV-; S!40-, Ad 12, and Py m f o m d  ce l l s  as 
compared t o  the nontransfonned c e l l  t ranscr int  l'cvels. HSV-1 and Ad 12%ansfomd, as well 
as infected, ce l l s  exhibited reductlons i n  the steady state leve ls  o f  several other MHC genes. 
A model f o r  the ro le  o f  regulation o f  HHC expression by v i r a l  tumor genes during transfor- 
mation and other v l r a l  genes durlng productive infect ion w i l l  be presented. 

respect t o  the parent rkntransformed cel ls.  

Defenses Against Viruses 

1~ FINE WPPING OF HSV GLYCOPROTEIN D EPlTOPES USING MONOCLONI(L ANTNODIES. Roselyn J. 
Eisenberg, Hichael Nobel, Manuel Ponce de Leon, Deborah Long, Valerie Rinaldt and 
Gary H. Cohen, University o f  Pennsylvanla. Philadelphia. Pennsylvania 19104. 

Previously. we used a panel o f  17 monoclonal antibodies t o  define eight antigenic determln- 
ants of gD, based on differences I n  neutrallzation, fmnunofluorescence and irmnunoprecipi ta- 
t l on  assays. Recently, we local l red and synthesized one antfgenlc s i t e  o f  gD (Group V I I ) ,  
correspondlng to resldues 8-23 o f  the mature glycoproteln. A second s i t e  (Group V) has been 
locallzed t o  w i th in  the l a s t  30 resldues o f  the protein. Thus, two o f  the eight groups o f  
monoclonal antlbodles have been fine-mapped w l th  respect t o  the structure o f  gD. A number o f  
l rborator les have developed addltional monoclonal antibodles t o  gD-1 and gD-2. The following 
laboratories have agreed t o  oo-opr r te  I n  th l s  j o i n t  e f fo r t :  A. Hinson, H. Marsden, P. Spear, 
5. h r l l n .  W. bw ls ,  5. Jeansson. H: Friedman, H. Zweig and L. Perelra. The object o f  t h i s  
Investigation was to re la te  these' antibodles'to the or ig ina l  grouplng, and t o  determine 
whether there are addltlonal antigentc detemlnants on the glycoproteln. A dot-blot assay 
was used f o r  characterlzation. A series o f  antfgens representlng native and denatured gD-1 
and 90-2. as w e l l  as fragments o f  the molecule, were spotted onto ni t rocel lu lose and reacted 
w l th  antibody and then fodlnated proteln A t o  determine the i r  reac t iv i t y .  Thus far,  we have 
used t h l s  technique t o  ident l f y  additional monoclonal antibodies tha t  f i t  within our o r ig ina l  
grouping. but we have not y e t  Ident l f ied  addltional groups. One antibody (from H.F.).is 
v i r t ua l l y  ident ical  I n  the dot-blot assay t o  antlbodles I n  Group V I I .  
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PROTECTIVE ROLE OF MATERNAL CYTOMEGALOVIRUS SPECIFIC ANTIBODY FOR NEONATAL GUINEA 

School o f  Medicine, New Haven, CT and VA Medical Center, West Haven, CT. 06516 
1364 PIGS,  B r i g i t t e  P. G r i f f l t h , -  Jacquelyn T. Laval lee and G.D. Hsiung, Yale Univers i ty  

The capacity o f  cytomegalovirus (CMV) spec i f i c  antibody acquired t ransplacenta l ly ,  through 
breast m i l k  feeding o r  by passive transfer, t o  p ro tec t  newborn guinea pigs against severe 
disease due t o  CMV was assessed. 
body p r i o r  t o  pregnancy were selected f o r  study. 
negative mothers were cross-fostered f o r  10 days and then challenged w i t h  v i r u l e n t  CMV. 
days a f t e r  v i r u s  challenge, babies I n  both groups were evaluated f o r  the extent o f  v i r a l  
in fect ion,  hematological changes, spleen s ize and neu t ra l i z i ng  antibodies. 
CnV spec i f i c  antibody were detected i n  babies born t o  seroposi t ive mothers. 
born t o  seroposi t ive mothers and nurs ing on seronegative mothers developed a mf ld  subc l i n i -  
ca l  i n fec t i on ,  and no deaths occurred. 
mothers and nursing on seroposltive'mofhers died. 
severe CMV in fect ion,  anemia, lymphopenla end enlarged spleens. 
a n t l  guinea p i g  CMV serum, normal guinea p ig  serum o r  PBS was adrainistered t o  newborns from 
seronegative mothers, once a day fo r  5 days. When challenged w i t h  CMV, deaths and genera l i -  
zed CMV i n fec t i on  occurred only  i n  the bables not t reated w i th  CMV spec i f i c  antiserum. 
These resu l t s  suggest that  acqu is i t i on  o f  CNV spec i f i c  antibody e i t h e r  from mothers o r  by 
passive t rans fe r  confers on neonatal guinea p igs protect ion against b a t h  and severe disease 
due t o  CMV i n fec t i on .  

Seroposit ive mothers w i t h  s i g n i f i c a n t  l eve l s  o f  CMV a n t l -  
Neonates born t o  seroposi t ive and sero- 

Ten 

Higher l eve l s  o f  
Neonates "-10) 

I x a n t r a s t ,  3/10 neonates born t o  seronegative 
The r m a l n l n g  animals i n  tha t  group had 

I n  separate experiments, 

1365 Monoclonal antibodies against var ice l la-zoster  virus(VZV). K.Yamanishi,T.Okuno, H. 
Campo-Vera. J.Namazue, K.Shiraki, and M.Takahashi. Osaka Univers i ty .  Osaka, Japan 

sor proteins. It was a l so  found t h a t  a g lycoprote in  o f  45K was detected i n  c u l t u r e  f l u i d  o f  
infected c e l l s .  Tunicamycin and endoglycosidaseH were used f o r  ol igosaccharide analysis. The 
f u l l y  processed forms o f  gp 2 had canplex type N-linked, and 0- l inked oligosaccharides. The 
mature form of gp 3 contained both complex and highmannose type N-l inked oligosaccharides and 
t h a t  o f  gp 5 had on ly  complex type N-l inked oligosaccharides. Monoclonal antibodies o f  a l l  

antibodies against gp 2 could 

1366 SUPPRESSION OF NK ACTIVITY AND T CELL PROLIFERATION INDUCED BY FRESH ISOLATES OF 
CYTWEGALOVIRUS. Rachel 0. Schrier. George P.A. Rice and Michael B.A. 0ldstone.l 
Scripps C l i n i c  and Research Foundation, La Jo l l a .  C a l i f o r n i a  92037 

Human cytomegalovirus (MV) in fec t i ons  are cannonly associated w l th  inmunosuppression. How 
ever, much o f  t h e  i n  v i t r o  work has f a i l e d  t o  show d i r e c t  e f f e c t s  o f  t h i s  v i r u s  on lymphocytj  
functions. R a t h e r t h a n w o r k i n g  e x c l u s i v r l y  with c e l l  f r e e  D I V  s t r a i n  AD 169, a carmDn l a b  
s t ra in ,  we have been inves t i ga t i ng  t h e  e f f e c t s  o f  low passage f resh  CMV i s o l a t e s  ( c e l l  f r e y  
and c e l l  associated) on NK a c t i v i t y  and T c e l l  p ro l i f e ra t i on .  Our r e s u l t s  i nd i ca te  t h a t  c e l l  
associated l o w  passage DIV i s o l a t e s  (15 have been tested)  markedly depressed NK a c t i v i t y .  Cel l '  

was c l e a r l y  manifested on ly  a f t e r  7 days ' o f  c u l t u r e  and could not  be a t t r i b u t e d  t o  v i r u s  
t i t e r ,  v i a b i l i t y ,  or overabundahde o f  ln ter feron.  In  contrast ,  c e l l  f r ee  supernatant o f  
e i t h e r  AD 169 or f r e s h  iso la tes.  while' conta in ing virus, d i d  not  depress NK a c t i v i t y .  

The e f f e c t s  o f  c e l l  f r ee  and c e l l  associatkd w)  169 and f resh fso lates on T c e l l  p r o l i f e r a -  

response t o  e i t h e r  antigen or mitogen. Cel l  associated AD 169 depressed both types o f  pro- 
l i f e r a t i o n  frm 0-5oL wh i l e  both c e l l  f r e e  and c e l l  associated low passage i s o l a t e s  c m p l e t e l y  
abrogated both antigen and n i togen responses (>go%). This e f f e c t  was apparent f o l l ow lng  only  
3 days o f  c u l t u r e  w i t h  v i rus.  From these and o the r  data m suggest t h a t  QIV can cause d i r e c t  

associated AD 169 also induced suppression but t o  a l esse r  extent. Suppression o f  NK a c t i v i t  

t i o n  d i f f e r e d  i n  several respects. Cel l  f r e e  AD 169 d i d  no t  suppress the  p r o l i f e r a t i v  

suppression o f  lynphocyte functions. The mechanisms involved i n  these d i f f e r e n t i a l  e f f e c t s  : 
Qf rarrLnrcs rtruS J V X @ W & b  W X  C K W l L L V  IllldW 
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San Antonio. Texas 78284 

We have produced panels o f  murlne nonoclonal antibodies against t h e  major glyCOprOteinS 
o f  va r i ce l l a - ros te r  v i rus  (VZV). Based on the  r e s u l t s  o f  radioimnune p r e c i p i t a t i o n  
analyses, t he  glycoproteins have been d iv ided i n t o  th ree  groups: gp118; gp140 / gp66; and 
gp98 / gp88 / 9p62 / gp45. The l a t t e r  group, which a lso has been designated VGA ( v a r i c e l l a  
g lycoprote in  antigen) complex i s  a major conponent o f  t he  i n fec ted  c e l l  membrane. High- 
mannose glycoproteins have been d i s t i n  uished by t h e i r  s u s q e p t i b i l i t y  t o  d igest ion w i t h  

AS 
with other  herpesviruses, t he  VZV glycoproteins conta in  main13 asparagine-linked sugar 
moiet ies w i t h  terminal s i a l i c  ac id  residues. St ructura l  intermediates i n  VZV-infected 
c e l l s  have been i d e n t i f i e d  by use o f  t he  g lycosy lat ion i n h i b i t o r s  tunicamycin and 
nonensin. From these studies, we have establ ished t h a t  g lycoprote in  gp98 i s  a mature 
product which i s  synthesized i n  a ser ies o f  steps f r a n  a 70,000 molecular weight 
nonglycosylated precursor; gp88 i s  t he  penuJtimate form. The g lycoprote in  9p66 i s  the 
major cleaved product of a d i s u l f i d e  l i nked  140.000 dal ton glycoprotein. The g lycoprote in  
gp118. which possesses an epitope inducing canplement-independent neu t ra l i za t i on ,  also 
appears t o  be a mature form. 

STRUCTURAL ANALYSES OF THE VARICELLA VIRUS GLYCOPROTEINS. Char1 es Grose, Eduardo A. 
R n t a l v o ,  and Wi l l ian E. Fr iedr ichs,  Un ive rs i t y  o f  Texas Health Science Center, 

endo-beta-N-acetylglucosminidase H. and 9 s ia la ted  forms b$ the  use o f  neuraminidase. 

1 ~ P u B I F I W I O N  AND MnIJNOLOGICAL ACTIVITY OF CYMWBGlWVIRDS GLYCOPROTBINS. 
Lenore P e r e i r a ,  M a r j o r i e  Eoffman, C y n t h i a  Chan and  D a l e  Dondero.  V i r a l  and  

R i c k e t t s i a 1  Disease  Labora tory .  Cal i fornia  Department of Eeal th  Services. 2151 Berkeley 
Way. Berkeley, Cal i forn ia  94704. 
I n  p u b l i s h e d  s t u d i e s ,  we r e p o r t e d  t h e  p r o d u c t i o n  of  m o n o c l o n a l  a n t i b o d i e s  t o  
cytomegalovi rus  (CMV) and i d e n t i f i e d  t h r e e  g l y c o p r o t e i n s  which  c o n i g r a t e d  w i t h  
p o l y p e p t i d e s  immune p r e c i p i t a t e d  by sera  from chi ldren with congeni ta l  and neonatal QIV 
in fec t ions  (Pere i ra  e t .  01.. Infec t .  1-n. 36:924, 1982; Pere i ra  e t .  a l . ,  I n f e c t .  Immun. 
39:100, 1983). Analyses of QIV glycoproteins  using monoclonal ant ibodies  as  s i t e  spec i f ic  
imunological  probes h v e  shown t h a t  QIV infected c e l l s  contain a t  l e a s t  s i x  an t igenica l ly  
dis t inct-glycoproteins ,  We have desigsated these glycoprotein e, gB, gC, gD, gE, and gF. 
I m n o a f f i n i t y  columns Constructed from mnoclonal  antibodies have been uied .to pur i fy  gA, 
gC. and gD. R e s u l t s  of  s t u d i e s  on p u r i f i e d  QIV glycoproteins showed+& rfollowing: i )  
Purif ied glydoproteins re ta ined t h e i r  i-nologicsl a c t i v i t y  by immune p r e c i p i t a t  ion w i t h  
monoclonal a n t i b o d i e s .  i i )  C o q a r i s o b  of the  electrophoret ic  p r o f i l e s  of glycoproteins 
e luted from i l m n o a f f i n i t y  colurms with those immune p r e c i p i t a t e d  from e x t r a c t s  of  CMV 
i n f e c t e d  c e l l s  showed Chat a 1 1  e l e c t r o p h o r e t i c a l l y  d i s t i n c t  forms of  g A  and gC were 
p u r i f i e d  whereas  o n l y  t h e  f a s t e s t  m i g r a t i n g  form of  gD was p u r i f i e d .  i i i )  Immune 
r e a c t i o n s  of  p a t i e n t  s e r a  wi th  p u r i f i e d  g l y c o p r o t e i n s ,  dena tured  i n  sodium dodecyl  
su l fa te .  e lec t rophore t ica l ly  separated. and immobilized on n i t r o c e l l u l o s e  paper  showed 
t h a t  p u r i f i e d  g l y c o p r o t e i n s  vould be s u i t a b l e  ant igens f o r  quant i ta t ion  of antibody i n  

HARACTERISATION o f  PSEUDORABIES ANTIGENS, E r i c  Saman a n d  Raymond T h y s ,  
1369 1 a n s s e n  P h a r m a c e u t i c a  R e s e a r c h  L a b o r a t o r i e s ,  Belg ium.  
T h i s  s t u d y  a i m s  a t  t h e  i d e n t i f i c a t i o n  o f  p s e u d o r a b i e s  v i r a l  a n t i g e n s  t h a t  a r e  
i m p o r t a n t  i n  t h e  h o s t  immune r e s p o n s e  upon i n f e c t i o n  w i t h  t h e  v i r u s .  Us ing  
i n  v i t r o  t r a n s l a t i o n  o f  mRNA f r o m  i n f e c t e d  c e l l s ,  w e  were  a b l e  t o  i d e n t i f y  o n e  
m a j o r  a n t i g e n ,  by i m m u n o p r e c i p i t a t i o n  o f  t h e  i n  v i t r o  t r a n s l a t i o n  p r o d u c t s  w i t  
a n t i s e r u m  t o  p s e u d o r a b i e s  v i r u s .  T h i s  a n t i g e n  h a s  a n  a p p a r e n t  m o l e c u l a r  m a s s  02 
1 4 0  kd o n  d e n a t u r i n g  a n d  r e d u c i n g  g e l s .  The c o d i n g  r e g i o n  f o r  t h i s  a n t i g e n  was 
l o c a l i z e d  in t h e  v i r a l  genome a n d  t h i s  i n f o r m a t i o n  was c l o n e d  f o r  f u r t h e r  s t u d y  
A n o t h e r  a p p r o a c h  t o  i d e n t i f y  v i r a l  a n t i g e n s ,  i m p o r t a n t  f o r  t h e  i m m u n o l o g i c a l  
r e s p o n s e  was t a k e n .  T h i s  c o n s i s t s  of s h o t g u n  c l o n i n g  o f  v i r a l  genomic f r a g m e n t s  
i n  a b a c t e r i a l  e x p r e s s i o n  v e c t o r ,  a n d  a s k i n g  f o r  e x p r e s s i o n  o f  t h e  c o r r e s p o n -  
d i n g  p r o t e i n s .  The b a c t e r i a l  c o 1 o n i . e ~  a r e  s u b s e q u e n t l y  s c r e e n e d  f o r  t h e  p r e -  
s e n c e  o f  v i r a l  a n t i g e n s  w i t h  a n  anthiserum t o  t h e  v i r u s .  C o l o n i e s  t h a t  a r e  i d e n -  
t i f i e d  a s  e x p r e s s i n g  some v i r a l  a n t i g e n i c  d e t e r m i n a n t s  s h o u l d  h a v e  o b t a i n e d  a 
r e c o m b i n a n t  p l a s m i d  c o n t a i n i n g  i n f o r m a t i o n  c o d i n g  fo; t h i s  a n t i g e n  or p a r t  o f  
i t .  T h e s e  d a t a  w i l l  a l l o w  t h e n  t h e  l o c a l a z a t i o n  of t h e  r e l e v a n t  g e n e t i c  i n f o r -  
m a t i o n  i n  t h e  v i r a l  genome as  w e l l  a s  t h e  s c r e e n i n g  o f  t h e  a n t i g e n s  p r o d u c e d  b y  
t h e  b a c t e r i a ,  f o r  e l i c i t i n g  n e u t r a l i z i n g  a n t i b o d i e s  upon i n j e c t i o n  i n  m i c e .  I n  
t h i s  way w e  hope  t o  i d e n t i f y  s e v e r a l  i m p o r t a n t  v i r a l  a n t i g e n s .  P r o d u c t i o n  o f  
t h e s e  a n t i g e n s  i n  b a c t e r i a  would a l l o w  t h e  c o m p o s i t i o n  o f  s y n t h e t i c  v a c c i n e s .  
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HSV-1 MROSOMES BIND TO AND FUSE WITB CeLL SURFACES, David C. Johnson,* nichele 13'0 Wittels, and Patricia G. Spear, The University of Chicago, Chicago, IL 60637 
The envelope glycoproteins and at least one wn-glycosylated protein vere extracted from 
herpes slmplex virua type 1 virions with the detergent octyl glucoside aud vere mixed with 
agg phosphatidyl choline. 
the detergent by didysis as evidenced by their cosedlmentation with labelled lipid on 
sucrose gradients. 
Vero cells and inhibited binding of FISV-1 virions. 
for gB and VP16 indicating variability in virosae composition and suggesting a 
requiraent for one or more of these proteins in the binding reaction. 
ricroscopic examinstion of cells that had been exposed to virosaes at 4 O C  and then 
incubated at 37OC provided evidence of fusion of virosomes with the plasma membrane. 
are presently modifying the protein and lipid content of the virosomes to investigate the 
roles of various glycoproteins aud lipids in the binding and fusion processes. 
*Present address: Depsrtment of Pathology, IlacMastsr University. Hsmilton, Ontario. 
Canada. 

The proteins were incorporated into liposomes after removal of 

The glycoprotein-containing liposars or virosaes bound to AEp-2 or 
The cell-bound material was enriched 

Electron 

We 

1371 MONOCLONAL ANTIBODIES SPECIFIC TO AND CROSS-REACTIVE WITH MAREK'S DISEASE VIRUS(MDV) 
AND HERPESVIRUS OF TURKEYS(HVT), Kazuyoshi Ikuta, Kazuhiro Nakajba. Kumiko Maotani, 

Shigeharu Ueda, Shiro Kato and Kanji Hirai*. Research Institute for Microbial Diseases, Osaka 
University, O s a k a  565. and *Tokai University School of Medicine, Isehara 259-11, Japan. 

mouse hybridoma cells secreting monoclonal antibodies cross-reactive with MDV and HVT glyco- 
proteins. One group of monoclonal antibodies reacted with the secreted glycoproteins(gA) and 
also wi'th the surface of cells infected with MDV and HVT. 
gels revealed that the processing steps of the precursor form of MDV-gA to the processed form 
(54K to 70K) had changed during serial passage of oncogenic MDV strains. The other group of 
mnoclonal antibodies reacted with three glycoproteins(gB), MDV-gpll5/110. gp63 and gp50; HVT- 
gp115, gp62 and gp52. which were related to virus neutralization. Chickens or rabbits immu- 
nized with MDV- or WT-gB purified by affinity chromatography coypled with monoclonal anti- 
bodies produced neutralizing antibodies reactive with both MDV and HVT. Moreover, immuniza- 
tion of chickens with HVT-gB resulted in partial protection against MD. These results suggest 
the possible role of HVT-gB in h m r a l  or cell-mediated immunity to MD. 

We attempted to isolate monoclonal antibodies against the MDV antigen purified from extracts 
of MDLCL, MDCC-YfB1, by affinity chronatography coupled with MDV-infected chicken serum IgG. 
Monoclonal antibodies obtained were found to react with three phosphorylated polypeptides in 
the MII ranges of 40K to 20K in the MDV-infected cells. 
fluorescence test when MDCC-MSB1 or MKTl cells were cultured at 33OC. but not at 41°C. 

To study on the modes of the immunity of HVT to Marek's disesse(HD), we have isolated the 

The analysis on two-dimensional 

No viral antigen specific to MD lymphoblastoid cell lines (MDLCL) has not been reported. 

The antigen was detected by i m n o -  

1372 A TYPE SPECIFIC KMlC!LoNAc ANTIBODY ID1zIsTIFYING A MVEL GLYCOPR@IEIN OF ESV-1. 
A Minson, A. Buckmaster, and U. Ganpls, Department of Pathology, University of 
Cambridge, U.K. 

A monoclonal antibody, -11, efficiently neutralises HSV-1 in the absence of complement. 
Thc antibody is directed against a highly conserved, type 1 specific, epltope since it 
neutralises all but one of 65 HSV-1 isolates and none of 35 ESV-2 isolates. The antibody 
precipitates two polypeptide species of approximate mlecular weights 115,000 and 120,000 
from extracts of infected cells labelled with 35S-methionine or 14C-glucosamine. The 
electrophoretic behaviour of the polypeptides. and of the precursors w e n  in pulse and 
pulse-chase experiments, distinguish them from all previously described EW-1 glycoproteins 
w i t h  the possible exception of the llOX species described by Showalter et al. (Infection 
and Immunity 34, 684, 1981). 
Ihe reactivity of antibody LPll with intertypic recombinants of ESV-1 and ESV-2 maps the 
&get antigen close to gB, within map co-xdinaterr 0.29 - 0.33. HSv-1 mutants resistant 
to -11 have been isolated and are being used in marker rescue experiments to define more 
precisely the location of the gene for this glycoprotein. 
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Atlanta, GA. 30303 and Centers f o r  Disease Control, Atlanta, GA 30333 

imnunosorbent assay t o  determine subclass spec i f i c  antibodies t o  T r i t o n  X-100 ext racted 
antigens o f  HSV-1 and HSV-2 in fected HEp-2 c e l l s .  The sera tested were from 151 pa t ien ts  
w i t h  various c l i n i c a l  herpet ic  manifestat ions and from 12 seroposi t ive adul t  and newborn 
contro ls .  IgGl  and IgG2 antibodies appeared f i r s t  a f te r  i n f e c t i o n  and were detected i n  
180/186 sera. 1963 and IgG4 antibodies were not detected i n  sera from most pat ients  wi th  
pr imary o r  i n i t i a l  gen i ta l  in fect ions,  neonatal herpes, or ser6po R i v e  'adult and newborn 
contro ls .  I n  addi t ion t o  IgGl  and IgG2, IqG3 and IgG4 an t i -bod iesL re  found predominantly h 
sera from pa t ien ts  wi th  recurrent  gen i ta l  and o ro lab ia l  i n fec t i ons  or non-primary herpes 
encephal i t is .  
males than i n  those from females wi th  recurrent  gen i ta l  in fect tons.  

These data suggest t h a t  the study o f  I g6  subclasses t o  HSV may provide important markers 
o f  inmune responsiveness by d i f f e r e n t  hosts t o  the various forms o f  herpet ic  in fect ions.  
I nves t i qa t i ons  underway invo lv ing  subclass a l lo types as well a subclass antibody responses 
t o  p u r i f i e d  HSV prote ins should provide more de ta i l ed  markers o f  the itnnune response t o  HSV 
i n f e c t  ions. 

IgG SURCLASS ANTIBODIES RELATED TO CLINICAL MANIFESTATIONS OF HERPES SIMPLEX VIRUS 
(HSV), R. Marie Coleman, Susan C. Williams, Donald J. P h i l l i p s ,  Charlotte M. Black. 
Charles 6. Reimer, and Andre J. Nahmias. Emory Un ive rs i t y  School o f  Medicine, 

Monoclonal antibodies spec i f i c  f o r  hunan IgG1, 1962, IgG3 and IgG4 were used i n  an enzyme 

1964 antibodies occurred s i g n i f i c a n t l y  (p<0.005) h r e  f requent ly  i n  sera from 

NEUTRALIZING ANTIBODIES REACT WITH A COMPLEX OF CYTOMEGALOVIRUS ENVELOPE GLYCOPROTEINS 
William 3. Britt, University of Alabama in Birmingham. Birmingham. Alabama 35294. 1374 

The presence of neutralizing antibodies is thought to be inportant for the control of human 
cytomegalovirus infection (CMV). Although recovery from CMV is usually associated with the 
production of neutralizing antibodies, the protein specificity of these antibodies remains 
poorly defined. 
human sera, we generated CMV-specific mrine monoclonal antibodies and compared the specifi- 
city of these monoclonal antibodies with human sera. 
bind intact virions and four of these antibodies neutralized infectious virus in-vstro. All 
of the monoclonal antibodies as well as a number of human inrmune sera precipitated three 
virion glycoproteins of estimated molecular weights of 160 kiloblfons (kd), ll6kd a+ 55kd. 
These envelope glycoproteins were subsequently shown to be covalentJy linked by disulfide 
bonding within mature virions. 
nation of why monospecific reagents such as monoclonal antibodies immune precipitated ' three 
proteins of differing molecular weight. Additional supporting evidence for this hypothesis 
was obtained by generating proteolytic peptide maps of the 116kd and 55kd proteins. 
variety of proteolytic enzymes, our results indicated these twu proteins shared little se- 
quence homology, thus making it unlikoly that the monoclonal antibodies were reacting with 
shared antigenic determinants expressed by these proteins. 
additional. conformationally dependent determinant(8) may be present on envelope glycoprotein 
complexes and that these determinant(s) nay be recognized by neutrslizing antibodies. 

To simplify the characterization of CMV neutralizing antibodies found in 

Six monoclonal antibodies were found to 

This covalent linkage of envelope proteins provided ap expla- 

Using a 

These findings suggested that 

1375 ANTISERUM TO A SYNTHETIC PEPTIDE THAT REACTS W I T H  HSV-1 GLYCOPROTEIN C. Martin 
Zweig, Stephen D. Showalter and Berge Hampar. National Cancer Institute/Frederick 
Cancer Research Facility, Frederick, Maryland 21701 

The nucleotide sequence of DNA encoding HSV-1 glycoprotein C(gC) was recently determined by 
Frink and co-workers. We imrmnized a rabbit with a conjugate of bovine serum albumin and a 
hydrophilic synthetic peptide of 12 amino acids predicted by a portion of this sequence. 
The antiserum obtained reacted with antigen in cells infected.witl$ HSV-1 and HSV-2 in 
immunofluorescence tests. Enzyme-linked luimunosorbent assays demonstrated that this. 
antiserum reacted with Immunoaffinity purified HSV-1 gC and HSV-2 (1C (fomerly designated 
HSV-2 gF). 
proteins from infected cell extracts, it reacted in immunoblot assays with purified 
HSV-1 gC and HSV-2 gC preparations that were electrophoretically transferred to 
nitrocellulose mmbranes. The antiserum preferentially reacted with a 65-70K MW 
component of HSV-1 & and its reactivity was enhanced after the glycourotein was 
treated with glycosidases. These findings confirm that HSV-1 and HSV-2 gC are 
Immunologically related and also define a specific conserved peptide region of HSV-1 gC. 

Although the antiserum did not detectably immunopr'ecipitate radiolabeled 
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tory, 5-105 21 Stockholm, Sweden. 
Using monoclonal antibodies t o  d i f f e r e n t  subclasses o f  human IgG, an enzyme-linked imnuno- 
sorbent assay (ELISA) has been used to study the  subclass pa t te rn  i n  serum samples from 
pa t ien ts  w i t h  primary or react ivated i n f e c t i o n s - o f  HSV and VZV. IgGl and IgG3 w i t h  a n t i  HSV 
a c t i v i t y  were seen i n  pa t i en ts  w i t h  primary and react ivated disease, as we l l  as i n  healthy 
seroposi t ive subjects and imnunoglobulins. I n  occasional pa t i en ts  IgG4 was seen alone or 
together w i t h  IgGl and IgG3. I n  va r i ce l l a ,  IgG3 subclass spec i f i c  a n t i v i r a l  ant ibodies were 
predominant whi le  IgGl was the dominant subclass i n  zoster. 1963 appeared t o  be the f i r s t  
subclass t o  reac t  w i t h  HSV and VZV i n  primary in fect ions.  

1377 MURINE MONOCLONAL ANTIBODY TO A SINGLE PROTEIN NEUTRALIZES THE 
INFECTIVITY OF HUMAN CYTOMECALOVIRUS, Lucy Rasmussen and Thomas C. Merigan, 
Stanford University School of Medicine, Stanford, California 94305 

Murine monoclonal antibodies t o  human cytomegalovirus (CMV) strain AD169 were selected which 
neutralized virus infectivity. h e  antibody producing hybridoma, 1G6, was used t o  produce ascites 
f luid from which immunoglobulin was isolated. This antibody eff iciently neutralized CMV AD169, 
other CMV laboratory strains (Towne, Davis) and clinical isolates o f  CMV in early (leu than 10) 
tissue culture passage in the absence o f  complement. The antibody imrnunoprecipitated a single 
86,000 dalton protein from both laboratory and clinical CMV strains. This v i ra l  protein was 
demonstrated by indirect immunofluorescence t o  be localized in the cytoplasm of CMV infected 
cells. 

1378 HAPPING THE ANTIGENIC REGIONS OF EPSTEIN-BARR NUCLEAR ANTIGEN USING SYNTHETIC 
PEPTIDES, Gary Rhodes, Richard A. Houghten, Dennis A. Carson and John H. Vaughan, 
Scripps I n s t i t u t e  and Research Foundation, La Jo l l a .  CA 92037 

The v i r a l  DNA encoding f o r  t h e  Epstein-Barr Nuclear Antigen (EBNA) contains a repeat ing 
sequence which i s  expressed as a run o f  over 200 amino acids conta in ing on ly  g lyc ine and 
alanine (Hennessy and K i e f f ,  PNAS 80, 5665 (1983)). We have synthesized peptides from the  
middle. ends and outs ide t h i s  repeat ing reg ion o f  the p ro te in  and ra i sed  r a b b i t  antibodies 
against them. We f i n d  t h a t  antibodies t o  the  peptides conta in ing the  repeat ing g ly-a la  
sequence recognize the EBNA p ro te in  from,two d i f f e r e n t  transformed c e l l  l i n e s  and t h i s  
recogni t ion i s  blocked by the  peptides t o  which the antibodies were rpised. 

reac t  e i t h e r  w i t h  the  peptides alone or coupled o prote ins.  
or t o  the  v i r a l  capsid antigen do not  recognize h e  p e p t i d e .  Futhermore, antibody t i t e r s  
t o  the  peptides i n  the  sera o f  pa t i en ts  w i t h  acute and convalesent mononucleosis r i s e  i n  
conjuct ion w i t h  those d i rected against EBNA. 
o f  the peptide sequences be t te r  than others and d i d  not  recognize a t  a l l  the peptide outs ide 
the repeating u n i t .  This impl ies t h a t  human antibodies t o  EBNA are d i rec ted  a t  selected 
por t ions o f  t he  p ro te in  and fu r the r  studies o f  peptides should a f f o r d  a method o f  mapping 
these ant igenic  determinants. 

Reciprocal ly, we f i n d  t h a t  human sera conta in ing antibodies 40 EBNA w i l l  recognize and 
Sera wikh'go antibodies t o  EBNA 

Sera w i t h  h igh t i t e r s  t o  EBNA recognized some 

1379 PRODUCTION AND CHAF.ACTERIZATION OF mw MONOCLONAL ANTIBODIES AGAINST VARICELLA- 
ZOSTER VIRUS, Steven K.H. Foung, Susan Perkins, Celine Korapchak, Edgar G. Engleman, 
F. Carl Grumet and Ann b i n ,  Stanford University, Stanford, CA 94305 

A human-mouse cell line, SBC-H20, that fuses efficiently to human B lymphocytes and produces 
stable human Ig secreting hybridoms has been developed. 
between a mouse myeloma line. SP2/08A2, and human peripheral B lymphocytes isolated from a 
normal donor. Fusion between SBC-LIZ0 and B lymphocytes isolated from a patient recovering 
from an acute varicella (VZV) infection, yielded multiple hybridomas oecreting human mono- 
clonal anti-VZV antibodies. 
spent supernatants from 2 different hybrid clones (diluted 1:256) ohomd significant reac- 
tivity. mean cpr of two valuea. 2-IDS-I246 (cantrol-80); 1-A2-854 (control-112). By a 
standard assay, both h- mnoalbadl aptlhodier neutralized VZV at approxhtely 5ug/ml of 
protein. 
VZV infected cells by indirect immunofluorescenca. By Western blot gel electrophoresis, 1-A2 
identified a viral protein of 92.000 molecular weight. In one patient tested by inmuno- 
fluorescent binding, 1-A2 identified cell surface viral antigeno on monocytes isolated during 
acute VZV infection. 

This line was derived from a fusion 

When. tested by solid phaoe R I A  against cqmercial VZV antigens, 

2-1D5 is an IgGl (kappa) and 1-A2 is dn IgGl (lambda). Both antibodies bound to 
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1380 ANTIHERPETIC ACTIVITY OF 9-(3,4-DIHYDROXYBUTYL)GUANINE ( D H B G ) ,  A. Larsson, A.-C. 
Ericson, C.-E. Hagberg, N.-G. Johansson, B. Lindborg, K.  Stenberg and B. Uberg, 
Department of Antiviral Chemotherapy, Research and Development Laboratories, 
Astra Lakemedel AB, 151 85 Sodertalje, Sweden. 

The effect  on herpes simplex virus (HSV) multiplication i n  v i t ro  and in vivo as well as the 
mechanism of action of 9-(3,4-dihydroxybutyJ) uanine ( D m ) w a s i n v e f n g m .  The compound 
was shown t o  be a good substrate for  the tlSV ?tlSV-l  and HSV-2) inducefi thymidine kinase (TK) 
w i t h  a h i g h  a f f in i ty  and high phosphorylation ra te  for  the enzyme.! No, a f f i n h y  was observed 
for  the corresponding cellular TK. The monophosphate of DHBG was converted t o  the diphos- 
phate f o r n  by the ce l lu la r  guanosine monophosphate kinase. DHBG was shown to ' inh ib i t  
different HSV-1 and HSV-2 strains a t  concentrations where no effect  on the normal cellular 
metabolism was observed. The (R)-enantiomer was more inhibitory than the (S)-enantiomer 
of DHBG. In animal mdels,  a good therapeutic e f fec t  was observed fo r  the TR)-enantiomer 
of DHBG on cutaneous HSV-1 infection i n  guinea pigs, i n  a systemic HSV-2 in%tion in mice 
and on herpes keratitis i n  rabbits. 

1381 INHIBITION OF HERPESVIRUS REPLICATION BY MACROPHAGE PEPTIDES, John F. Weaver, 
Gloria Lee, Abla A. Creasey, Laura V. Doyle, Charles V. Herst, Edward C. O'Rourke, and 

Thomas J. White, Cetus Corporation, Emeryville, CA 94608; Michael E. Selsted and Robert I. Lehrer, 
Dept. of Medicine, Univ. of California, Los Angeles, CA 90024. 

Rabbit alveolar activated macrophages produce two unusual peptides, MCP-I and MCP-2 which have 
potent antiviral activity on human cells in culture. A t  micromolar concentrations, these peptides 
inhibit the replication of Herpes simplex viruses I and II, Cytomegalovirus, and Vesicular stomatitis 
virus. Antiviral activity was measured by quantitative virus yield reduction techniques and assessment 
of t he  inhibition of viral cytopathic effects. Pretreatment of cells with peptide prior to virus 
challenge is sufficient to inhibit virus replication, but maximal activity is observed when the peptides 
remain in contact with the cells throughout the assay period. W e  have investigated the effects of 
these peptides on host cell metabolism and compared them to interferon by studying their mechanism 
of action. We examined cellular processes known to be affected by interferon as well as interferon 
induction. Although the peptides exhibit antiviral activity, they do not appear to share a common 
mechanism of action with interferon, or exhibit the antiproliferative and immunomodulatory activities 
associated with interferon. 

1x2 
M.H. Chen, J .G .  Wul. G.R.B. Sk inne r ,  and C.E. H a r t l e y 2  
B io logy ,  V i r u s  Research  I n s t i t u t e ,  Hubei Medical Co l l ege ,  Wuchang, China. 2. 
Department o f  Medical Microbio logy ,  The Medical Schoo l ,  U n i v e r s i t y  o f  Birming- 
ham, U.K. 
We have p r e v i o u s l y  r e p o r t e d  t h a t  t h e  vacc ine  a f f o r d e d  s i g n i f i c a n t  r o t e c t i o n  
t o  expe r imen ta l  HSV-2 i n f e c t i o n  i n  mice  (G.R.B. S k i n n e r  e t  a1 1982p and r e -  
duced t h e  f requency  o f  HSV-2 induced  c e r v i c a l  c a n c e r  i n  mice (M.H. Chen e t  a l ,  
1983) .  I n  t h e  p r e s e n t  s tpdy ,  we c a r r i e d  o u t  a r e s e a r c h  i n t o  t h e  e f f i c a c y  o f  
t h e  vacc ine  t o  p r o t e c t  HSV-2 l a t e n c y  Uf senaory  g a n g l i a  o f  mice. Female hybr id  
mice r e c e i v e d  two v a c c i n a t i o n s  i n t r a p e r i t i o n a l l y  a t  an i n t e r v a l  o f  two weeks. 
Then, mice were i n t r a v a g i n a l l y  i n o c u l a t e d  w i t h  s t r a i n  333 or Wu o f  HSV-2 once 
a r e e k  f o r  25 times. Lumbosacral  s p i n a l  g a n g l i a  and t r i g e m i n a l  g a n g l i a  were 
removed from an ima l s  which su rv ived  o v e r  one y e a r  f o r  r ecove ry  o f  l a t e n t  HsV-2 .  
The p e r c e n t a g e s  o f  a n i m a l s  h a r b o r i n g  l a t e n t  v i r u s  i n  t h e i r  l umbosac ra l  s p i n a l  
g a n g l i a  and t r i g e m i n a l  g a n g l i a  i n  bo th  immunized (40%) and non-immunized -%) 
groups  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  The lumbosac ra l  s p i n d l  g a n g l i a  were 
also examined h i s t o - p a t h o l o g i c a l l y .  The f o c i  o f  neu rons  w i t h  c e l l  f u s i o n ,  
a t r o p h y ,  d e g e n e r a t i o n ,  n e c r o s i s  o r  f i b r o s i s  cou ld  be found i n  bo th  immunized 
and non-immunized animals. 

FAILING I N  PREVENTION OF HSV-2 LATENCY I N  SENSORY GANGLIA OF MICE WITH 

1.Department o f  C e l l  
AN INACTIVATED SUBUNIT VACCINE AC N F U l  (S-)  BHK PRRPARED FROM HSV-1, 
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Over 60 subst i tu ted de r i va t i ves  o f  2-acety lpyr id ine thiosemicarbazone synthesized by D. L. 
Klayman and coworkers a t  Walter Reed Army I n s t i t u t e  o f  Research have been evaluated as 
po ten t i a l  a n t i v i r a l  agents. The e f f e c t s  o f  these drugs on the r e p l i c a t i o n  o f  herpes simplex 
viruses (HSV) types 1 and 2 and t h e i r  capaci ty  t o  cause c e l l u l a r  c y t o t o x i c i t y  were studied 
i n  v i t r o .  The drugs a l so  were evaluated i n  a cutaneous HSV-infected Guinea p i g  model f o r  x f e  i n  vivo. These s tud ies have i d e n t i f i e d  f i v e  Id -subs t i t u ted  compounds which warrant 
f u r t h e r  i z e m a t i o n  as p o t e n t k l  antiherper drugs. 

Mode-of-action studies i n  Uninfected KB c e l l s  w i t h  the parent compound, 2-acety lpyr id ine t h i o -  
semicarbazone, have shown t h a t  DNA Sinthes is  was re r s i b l y  i n h i b i t e d  w i t h i n  30 minutes o f  ex- 

resu l ted  i n  reduct  on i n  the  amount o f  l a b e l i n g  o f  DNA bu t  no t  RNA. 

midy late synthetase was no t  i nh ib i t ed .  
d iphosph te  reductase ind icated t h i s  enzyme i s  a major t a r g e t  o f  drug i n h i b i t i o n .  
HSV-infected c e l l s  have shown potent  i n h i b i t i o n  o f  v i r a l  DNA synthesis. 
polymerase and mammalian DNA polymerases a and 0 were not i nh ib i t ed .  

MODE OF INHIBITION OF "-SUBSTITUTED 2-ACETYLPYRIOINE THIOSEMICARBAZONES, John C. 
Drach, Steven R. Turk and Charles Shipman. Jr., Un ive rs i t y  o f  Michigan, Ann Arbor, M I .  

posure. Incubation o f  c e l l s  w i t h  [ CJuridine o r  [ !!! Plorthophosphrte i n  the presence o f  drug 

nucleotides from [ 4 H]deoxyuridine was no t  i n h i b i t e d  i n  the  same dosage range suggesting thy-  Formation o f  th jmid ine 

Prel iminary experiments w i t h  crude r ibonucleoside 

I so la ted  HSV DNA 
Furthermore. DNA syn- 

Studies i n  

V-2-infected c e l l s  i n d i c a t i n g  t h a t  t he  dru9 
Recent r e s u l t s  on the i n h i b i t i o n  o f  HSV- 

dll he oresented. 

1384 ANTIVIRAL A C T I V I T Y  OF 5-ETHYL-2'-DEOXYURIDINE (EDU) ON HERPES SIMPLEX VIRUSES (HSV) 
I N  CELL CULTURE, M I C E  AND GUINEA PIGS, Raynond F. Schinazl, R. Taylor Scott, Jeanne 

Peters  and Andre'J. Nahnias, Emory Un ive rs i t y  and VA Medical Center, Atlanta, GA 30303. 

treatment o f  HSV k e r a t i t i s .  C1 i n i c a l  t r i a l s  f o r  several herpet ic  condit ions. inc lud ing geni- 
t a l  herpes, are ongoing i n  the US and Canada. 
e f fect iveness i n  animal models. 
i s o l a t e s  o f  HSV-1 (14) and HSV-2 (13) t o  EW f n  plaque reduct ion assays i n  Vero ce l l s .  The 
mean ED50s (21 S O )  were 8.62 2 1.17 UM and 7.79 5 1.25 pM, respectively. Thls d i f ference 
was not  s t a t i s t i c a l l y  s ign i f i can t .  No apparent t o x i c i t y  t o  r a p i d l y  growing Vero c e l l s  a t  1 
mM was noted. 
(6 weeks o ld)  I n fec ted  i n t race reb ra l l y ,w i th  d i f f e r e n t  doses o f  HSV-1 (KOS) o r  HSV-2 (G), even 
when t reated w i t h  1 g/Kg/day ( b i d  x 4d, Rx 5 h a f h r  v f rus inoculat ion). However, a s i g n i f i -  
cant a n t i v i r a l  e f f e c t  was observed when EDU was given i p  i n  15% DMSO. suggesting t h a t  DMSO 
can e f f e c t i v e l y  open the blood-brain b a r r i e r  t o  EW. 
1.6 g/Kg/day. 
o f  gen i ta l  i n f e c t i o n  w i t h  HSV-2 (MS). The drug, given b i d  x 7d, was compared w i th  placebo 
and other an t i v i ra l s .  
placebo, whether begun 3 or 24 h a f t e r  i n f e c t i o n  (ascertained se ro log l ca l l y  and v i ro log i c -  
a l l y ) .  I t s  
lack o f  t o x i c i t y  a t  very h igh  doses, as wel l  as I t s  poor t ranspor t  t o  the CNS suggests t h a t  
EDU may be safer  than other  a n t i v i r a l  druqs. 

EDU i s  a nucleoside a n t i v i r a l  cu r ren t l y  l icensed i n  several European countr ies f o r  the 

We i n i t i a l l y  determined the s u t c e p t f b f l f t y  o f  c l  fnfca? 
It was, therefore, important t o  determine i t s  

Oral or i n t rape r i t onba l  ( i p )  t r e a w e n t s  o f  EDU were I n e f f e c t i v e  I n  Swiss mice 

The drug was not t o x i c  ' t o  mice even a t  
Topical 3% EOU cream was evaluated i n  a b l i n d  fashion i n  the guinea p i g  model 

EDU treatment was more e f f e c t i v e  i n  reducing l es ion  sever i ty  than 

These r e s u l t s  i nd i ca te  t h a t  EDU I s  e f f e c t i v e  i n  the guinea p i g  gen i ta l  model. 

INTRACELLULAR CONCENTRATIONS OF DEOXYTHYMIDINE MAY INFLUENCE THE ANTIVIRAL ACTIVITY 
OF ANTIHERPES NUCLEOSIDE ANALOGUES, Johan Harmenberg and Gunnar Abele, Department 
o f  Virology. National Bacter io log ica l  Laboratory, S-105 21 Stockholm, Sweden. 

1385 

Many antiherpes nucleoside analogues u t i l i z e  deoxythymidine kinase (dTK) f o r  i n t r a c e l l u l a r  
a c t i v a t i o n  o f  the compounds. Presence o f  the natura l  substrate o f  dTK which i s  deoxythymi- 
dine (dT) would therefore poss ib ly  decrease the  a c t i v a t i o n  r a t e  o f  these substances. We 
have found h igh amounts o f  dT i n  green monkey kidney c e l l s  (GMK) and low amounts i n  human 
lung f i b rob las ts  (HL). The nucleoside analogue acyc lov i r  has been shown t o  exe r t  20-100 f o l d  
lower a n t i v i r a l  a c t i v i t y  i n  GMK than HL c e l l s .  
U t i l i z i n g  high performance l i q u i d  chromatography (HPLC) we have Bnalysed the  dT content o f  
organs and t issues f r o m  guinea pigs, mice and humans. I n  guinea wig s k i n  we have found dT 
concentrat ion i n  the order o f 3 0 j . M  wh i l e  i n  human s k i n  on ly  low amounts have been found. 
Oeoxythymidine concentrat ions i n  o the r  t issues w i l l  be discussed. 
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INHIBITION OF CYTOMEGALOVIRUS INDUCED CYTOMEGALY AND NUCLEAR INCLUSIONS BY CYCLIC 
NUCLEOTIDE MODULATORS, Mostafa Nokta. Odd Steinsland, and Thomas Albrecht, The lB6 

University of Texas Medical Branch, Galveston, TX 

following cytomegalovirus (CMV) infection. 
(early events) begin to occur; by 24 h "relaxation" and enlargement (late events), have begun 
along with the development of nuclear inclusions (NIs). We have shown that papaverine (PAP), 
which blocks phosphodiesterase, prevented rounding and "contraction" of SM cells. 
report the effect of PAP, isobutyl methylxanthine (IBMX), and forscolin (FN) on "relaxation", 
enlargement, and development of NIs. 
as PAP (5.8~10-~M) and IBMX (1.4xlO-%l), which increase both CAMP and cGMP levels in many 
systems, inhibited enlargement when added at 5 or 12 h PI and measyred *t,45 or 72 h PI. 
Cells treated with these drugs contained NIs of diminished size. l'he observed effects of 
these drugs could be mediated through variation of intracellular Ca* since: 
has been shown associated with a decrease in intracellular Ca* in several tissues, 
have shown a Ca* influx 6 h after CMV infection. 
blocker, inhibits enlargement and development of NIs,when added at 5 or 12 h y d  measured at 
45 OK 72 h PI. 4) Calmdulin blockers such as triflouroperazine (TFP, 7.3~10- M) blocked 
enlargement and inhibited development of NIs when added at 24 h and measured at 72 h PI. 
5 )  The Ca* ionophore A23187 (3x10-5M) enlarged uninfected cells 5 minutes after its addition. 
These results indicate that increased levels of CAMP may prevent cytomegaly and inhibit C W  

77550. 
Human embryo skin muscle (SM) cells show a progression of cytopathic effects (c.p.e.1 

As early as 5 h PI rounding and "contraction" 

We now 

FN (7.3~10-%). a drug whichrraises CAMP levels, as well 

1) Cyclic AMP 

3) Verapamil (VR, 6x10-h). a Ca* entry 
2) We 

replication b~ decreasing intracelllrlar ca* concentration. 

1387 - U F , Z L L m D N A m  ' ,mHERms- D M A  
POLYMERASES BY THE TRIPHOSPHATE OF 9-[ [ 2 - H Y D R O X r - l - ( H Y D R O X ~ ' ) E T H O X Y ] ~ ]  
GUANINE, Phillip A. Furman. Wayne H. Miller, Richard L. Miller, Catherine U. Lambe 
and Marty H. St. Clair, Burroughs Wellcome Co., Research Triangle Park, NC 27709. 

The triphosphate form of the acyclovir analog 9-[[2-hydroxy-l-(hydroxymethyl)ethoxylmethyll- 
guanine (BW 759U) inhibited the DNA polymerases from several strains of herpes simplex virus 
type 1. 
BW 759U-triphosphate than to inhibition by acyclovir triphosphate. Interestingly, two 
acyclovir triphosphate resistant' DNA polymerases were as sensitive to BW 759U-triphosphate 
as were the DNA polymerases Induced by wild type viruses (Ki-0.05-0.01 q).. The cellular 
a DNA polymerase was much less sensitive to inhibition than the DNA polyqeraaes induced by the 
various herpes simplex virus strains investigated. 
KOS strain of herpes simplex virus type 1 with BW 759U resulted in the formation of 
substantial quantities of the triphosphate of this compound. 

Both viral and the cellular ti DNA polymerases were less sensitive to inhibition by 

Incubation of Vero cells infected by the 

1388 INHIBITION OF THE DNA POLYMERASES OF VARICELIA ZOSTER VIRUS AND HUMAN CYTOMEGALOVIRUS 
BY THE NUCLEOSIDE ANALOGS 9-[(2-HYDROXYETHOXY)METHYL]GUANINE (ACV) AND 9-[(2-HYDROXY- 
1-(HYDROXYMETHYL)ETHOXY)METHYL]GUANINE (BW 75921). Karen K. Biron, Peter J. Stenbuck 
and Jann B. Sorrell, Burroughs Wellcome Co.. Research Triangle Park. NC 27709. 

The nucleoside analog 9- [ (2-hydroxyethoxy)methyll guanine (ACV) and its congener 9-[ (2-hydroxy- 
1-(hydroxymethyl)ethoxy)methyl]guanine (BW 7590 exert similar antiviral activity against VZV 
in vitro as measured by the plaque reduction assay. 
induced DNA polymerase by the triphosphates of these antiviral compounds were studied using 
assay conditions optimal for the virus induced enzyme. The triphosphate of ACV (ACVTP) behaved 
as a competitive inhibitor for the viral polymerase catalyzed incorporation of deoxyguanosine 
triphosphate (dGTP) into the synthetic template primer poly dC-oligo dG (Km dGTP-6WM. Ki ACVT! 
-.04W). The triphosphate of BW 759U (759TP) was roughly 5-fold less effective as a competi- 
tive inhibitor in this system (K 759TP=O.ZW). Guinea pig tumor cell DNA polymerase CL was 
50-fold less sensitive to inhibifion by the triphosphate of BW 759U as compared to ACV tri- 
phosphate using the calf thymus template (K ACVTP-.14W, K 759TP-10.5pM). 

For 
example, the ED against strain AD169 for ACV is 108W, while the ED50 for BW 759U is 2p. 
A comparison of5?he relative sensitivity of the virus induced DNA polymerase of strain AD169, 
however, revealed that this virus induced enzyme is also roughly 5-fold less sensitive to 
competitive inhibition by BW 759U as compared to ACV triphosphate (Ki ACVTP-.33W, Ki 759TP- 
1.4uM) .. 

The kinetics of inhibition of the VZV 

Human CMV is relatively insensitive to Ahr in vitro, whife BW 759U is quite active. 

207 



Herpesvirus 

CORRELATION OF INCORPORATION OF ARABINOSYL ANALOGS I N T O  HERPES SIMPLEX VmUS DNA -Nn 
MUTAGENESIS. Lowell E. Schnipper. Glenn J. Bublev, H.S. Allaudeen*. Clvde S. Crum- 1389 

~ , - 
packer, Beth Israel Hospital- and Harvard Medical- School, Boston, MA 02215 and *Smith. 
Kline and B e c b n ,  King of Prussia ,  PA. 

1-6-D-arabinofuranosylcytosine (ara-C) is an e f f e c t i v e  inh ib i tor  of Herpes Simplex V i r u s  Type 
1 (HSV-1) rep l ica t ion .  Analysis of the  wild type v i rus ,  HSV-1 s t r a i n  (KOS) grown i n  the  pres- 
ence of ara-C demonstrates a s t rong cor re la t ion  between incorporat ion of ara-C i n  internucleo- 
t i d e  linkage and inh ib i t ion  of v i r a l  DNA synthesis. 
1 (araAr), expresses an a l t e r e d  DNA polymerase a c t i v i t y  (Ki f o r  a r a  ATP = 3.4 uM) and incorpo- 
rates less ara-C i n t o  v i r a l  DNA than wild type. 
i n  the  presence of PAA and the  arabinosyl  analog (araA). 
increased formation of arabinosyl  DNA s ince HSV-1 infected c e l l s  demonstrate a 20-40% enhance- 
ment i n  incorporation of 3H-ara-C i n t o  v i r a l  DNA a t  subinhibi tory concentrations of PAA. 
s tudies  employing pur i f ied  HSV-1 DNA polymerase, i n  =, subinhibi tory concentrations of PAA 
(0.1 ug/ml) completely i n h i b i t s  incorporat ion of x - a r a  ATP i n t o  an ac t iva ted  DNA template. 
Vi ra l  DNA containing ara-C i n  internucleot ide linkego demonstrates increased s ingle  s t rand 
breaks when analyzed on a lka l ine  sucrose gradients ,  anb  fragment s i z e  is re la ted  t o  the  extent  
of formation of arabinosyl DNA. 
(ID901 ara-C, the  progeny v i ruses  express a concentration-dependent increase i n  the  frequency 
of thymidine kinase (TK) def ic ien t  p a r t i c l e s  when compared t o  KOS, and t h i s  suggests t h a t  
mutagenesis a t  t h e  TK locus is re la ted  t o  the  formation of (araC) DNA. 

An ara-C and ara-A r e s i s t a n t  mutant, HSV 

Synergis t ic  inh ib i t ion  of HSV-1 is observed 
The observed synergy may relate t o  

I n  

When HSV-1 (KOS) is gqam i n  5x10-7H ( the ID501 and 5x10-6M 

1390 
S;-Kit,-Univ. Cincinnati, Children's Hospital Research Foundation, Cin t i ,  OH, and Baylor 
College of Medicine, Houston, TX. 

c l i n i c a l  disease.  
vesiculo-ulcerative geni ta l  sk in  les ions ,  ur inary re ten t ion ,  and hindlimb paralysis .  
invest igated whether the p r i o r  TK- in fec t ion  protected against  subsequent challenge with TK+ 
v i rus .  Weanling, female guinea pigs were i n i t i a l l y  in t ravagina l ly  inoculated with a TK- HSV-2 
mutant of s t r a i n  333 o r  t i s s u e  cu l ture  medium. 
v i rus  rep l ica t ion  had ceased, both graups were challenged-with wild type Tk+ HSV-2. 

Following TK+ challenge, the  mock-infected group developed c l i n i k a l l y  sdvere g e n i t a l  infec- 
t i o n  with prolonged vaginal virus  rep l ica t ion .  
in fec ted  with TK- HSV-2 exhibi ted no c l i n i c a l  disease and had s i g n i f i c a n t l y  less vaginal virus  
rep l ica t ion .  
primaty 
TK+ superinfect ion of  neural t i s sues  i n  animals previously infected with TK- HSV-2. 

infect ion.  
vaginal HSV-2 rep l ica t ion  is reduced, and ganglionic superinfect ion 

REINFECTION WITH WILD-TYPE HERPES SIHPLEX VIRUS TYPE 2 (HSV-2) AFTER PRIMARY GENITAL 
INFECTION W I T H  A THYHIDINE KINASE DEFICIENT (TK-) HSV-2 MUTANT, L.R. Stanberry and 

TK- HSV-2 g e n i t a l  in fec t ion  i s  character ized by vaginal v i rus  rep l ica t ion  but l i t t l e  o r  no 
I n  cont ras t ,  TK+ HSV-2 induces vaginal v i rus  rep l ica t ion  and a l s o  severe 

We 

Three weeks a f t e r  inoculat ion,  when vaginal 

In  cont ras t ,  the  group of animals previously 

Although acute  and l a t e n t  ganglionic infec t ion  occurred as a consequence of 
( i n i t i a l )  g e n i t a l  in fec t ion  with e i t h e r  TK+ o r  TK- s t r a i n s ,  we  could not demonstrate 

I n i t i a l  TK- HSV-2 g e n i t a l  in fec t ion  modifies subsequent wild type TK+ HSV-2-induced g e n i t a l  
I n  t h i s  model re- infect ion with wild type TI(+ HSV-2 i s  c l i n i c a l l y  inapparent, 

i s  prevented. 

IMMUNDGENICZTY AND PREVENTIVE EFFICACY OF A SUBUNIT HERPES SIMPUX VIRUS VACCINE I N  
CEBUS KNKXYS, George D. Wilbanks, Gordon R.B. Skinner and Mary E. Turyk, Rush 
University, Chicago, I L  60612. 

1391 

Adult female Cebus monkeys were vaccinated with AcNFU (S-)MRC, a subunit formaldehyde- 
inact ivated Herpes simplax v i rus  (HSV) preparation. Af te r  two or th ree  vaccinat ions,  
animals developed s i g n i f i c a n t  leve ls  of neut ra l iz ing  ant ibodies  t o  HSV-1 and t o  HSV-2. 
Following subcutaneous vulva challenge with l i v e  HSV-2, antibody leve ls  t o  both HSV-1 and 
HSV-2 were s i g n i f i c a n t l y  re-stimulated. 
i d e n t i c a l  manner, neut ra l iz ing  ant ibodies  were s t imulated,  but  t o  a much l e s s e r  extent. 

There was evidence of protect ion i n  vaccinated mnkeys aga ins t  subcutaneous challenge with 
108 plaque-forming u n i t s  of HSV-2. Three vaccinat ions administered within nine months of 
the challenge offered the  beat  protection. 
16 m n t h s  previous t o  the  challenge seemed t o  o f f e r  good protect ion t o  a n  animal that had 
elevated antibody leve ls  a t  challenge, but not t o  an animal w4thout remaining antibodies. 
A previous g e n i t a l  in fec t ion  did not give protect ion aga ins t  re infect ion.  

I n  unvaccinated animals infected with HSV-2 i n  an 

Two vaccinations and exposure t o  l i v e  v i rus  
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PRE'VEHl'ION OF REC- HERPES GENITALIS BY AN AmI-PROSTAGJANDIN MEW, Linda M. 

I L  60612. 
13@ Janus, George D. Wilbanks, Lisa A .  Nagel and Mary E. Turyk, Rush University, Chicago, 

Reactivation of the latent Herpes v i m  map be prostaglandin mediated. A c l in ica l  trial of 
sn anti-prostaglandin agent (Motrin i n  a dose of 600 mg four times daily) is being compared 
to a placebo medication taken i n  a similar manner. 
recurrent Herpes genitalis  and i n  good'general health a re  randomited to  receive e i ther  
medication. 
document the number, severity, and duration of their lesions. 
a r e  administered a t  thew times to  documsnt the level of s t ress  the patient is  experignqing. 
Preliminary data w i l l  be presented a t  the timc of the meeting since the code has not yet 
been broken. 

Thirty f emle  patientr with documented 

They are  seen every three months as ve l l  as  a t  the the of a reoccurence to 
In addition, questbnnaires 

1393 TIIE FA- OF BERPES S I W L E X  VIRUS IN TAE NERVOUS SYSTXM OF MICE UNDERGOING NU(ZE0SIDE 
ANAUXUE lSErfAPY, H.J. Field, J.R. Anderson and S. Efstathiou, Dapartment of Pathology 
University of Cambridge, U.K. 

Herpes encephalitis was established in  mice by means of intranasal inoculation. 
th i rd  day a f t e r  inoculation acyclovir or  dihydroxypropoxymethylguanina therapy was used t o  
inhibit  virus replication. 
was studied by means of the Southern blott ing technique. 'Ihe quantity and form of virus 
sequences i n  the neural t issue were correlated with amount and distribution of infectious 
virus and virus antigen i n  these neural t issues frao the acute phase unt i l  the time when 
inf.ectious virus was no longer detectable. The results w i l l  be discussed i n  relation to 
human encephalitis and possible latency of virus i n  the CNS. 

Prom the 

Ihe presence of virus DNA i n  the brainstem and trigeminal ganglia 

1394 NUCLEIC ACID HYBRIDIZATION, A METHOD FOR STUDYING THE EFFECT OF ANTIVIRAL COMPOUNDS, 
Hlkan Gadler, A l f  LarssonX and El len Sdlver. National Bacteriological Laboratory, 
S-105 21 Stockholm and XAstra L'akemedel AB. 5-151 85 Sodertl l je, Sweden. 

The inh ib i t ion  o f  v i r a l  repl icat ion by an an t i v i ra l  compound can be studied by various tech- 
niques. The e f fec t  on v i r a l  DNA synthesis can be detenined a f te r  addition o f  radioactive 
thymidine t o  infected c e l l  cultures. Separation o f  labelled v i r a l  and ce l l u la r  DNA i s  then 
carr ied out on a CsCl gradient. This technique, however. i s  very cumbersome and timeunsuming, 
especially when examining numerous samples. A simple, rapid technique u t i l i z i n g  nucleic acid 
hybridization and with reconbinant virus DNA clones as probes. has therefore been developed. 
The method has been applied t o  studies on herpes simplex virus (HSV) and'.cytomegalovirus (CMVJb 
but can equally well be applied t o  a l l  DNA-viruses. This technique i s  applicable t o  s c k m i n g  
d i f fe ren t  compounds with suspected an t i v i ra l  a c t i v i t y  o r  c l i n i ca l  virus isolates f o r  deter' 
mination o f  resistance t o  ant iv i ra ls.  The e f fec t  o f  several newly described nucleoside analogs 
(e.g. hydroxybutylguanine, dihydroxybutylguanine. dihydroxypropoXymethylguanine) on HSV and 
CMV DNA Synthesis w i l l  be described. Since the mode o f  action o f  a l l  o f  these new an t i v i ra l  
compounds i s  not known, experiments performed t o  elucidate the mochanism w i l l  be detailed. 

1395 NATURAL KILLER CELLACTIVITYIN INTERFERON-TREATED HERPES ZOSTER PATIENTS 
Rosemarie Berger, Barbara Gisin, Christian Herzog and Max Just 
University Children's Hospital, Basle, CH 4000 Switzerland 

Otherwise healthy herpes zoster patients were treated with recombinant 
leucocyte A interferon not later than 5 days after the appearance of the 
first symptoms (pain). They received 5 daily doses of 1.5 or 3 x lo6 Units 
or placebo. The diagnosis of herpes zoster was established by virus 
isolation from the vesicle fluid and by titration of antibody at day 1 
and day 14 of the treatment. The level of endogenous interferon in the 
patients serum was determined before the first injection of exogenous 
interferon. Lymphocytes were isolated by ficoll separation from blood 
samples taken before the beginning of the treatment and at day 5 before 
the administration of the fifth dose of interferon. The lytic activity of 
the natural killer cells was tested with 51Cr-labeled K 562 cells. In most 
patients the NK cell activity markedly increased during the course of the 
disease. This enhanced activity is probably not only due to the admini- 
stration of exogenous interferon as itwas also observed in the placebo 
treated control group. 
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1396 DRUG RE%ISTmCE AND HYPERSENSITIVITY: Mp'A'TIONS MAPPING TO DpTINCT SITES I N I T T  
DNA POLYMERASE LOCUS, D. Coen, H. C h i p  H. Fleming, J. Hall, and M. Retondo 
Medical School, Boston, MA 02115 and University of Arizona, Tucson, AZ 85721 

We can distinguish at least twelve mutants known or likely to contain mutations in the HSV 

rvard 

DNA polymerase (a locus on the basis of their relative sensitivities to the antiviral drugs 
commonly abbreviated PAA, PFA, araA, araT, M U ,  FIAU, BVdU. ACG, and 2'NDG. as well as their 
relative sensitivities to aphidicolin (Aph) and temperature and their production of mutations 
at other loci. 
and in four cases have mapped their mutations to distinct restriction fragments of 1.1 kbp or 
less. 
in terms of production of mutations at other loci have been mapped to an 0.8 kbp region. 
L o s s  -resistance patterns of the mutants suggest possible treatments for resistant clinical 
isolates and that polymerases capable of discriminating against acyclo- and aranucleoside tri- 
phosphates cannot discriminate against the triphosphates of the closely related compounds 
Z'NDG and FMAU. Numerous Aph- PAA-, FMAU-, FIAU-, BVdU-, and Z'NDG-hypersensitive (ha) mu- 
tants have been found. A BVdUns mutation has been mapped to an 0.8 kbp region in the @ 
locus lying at e t  0.5 kbp away from a previously reported BVdU-resistance mutation. 
2'NDGhS and Aph 
that HSV polymerase is a target of these drugs and that mutants previously viewed as merely 
sensitive to given drugs may in fact contain mutations affecting drug sensitivify. 
of hypersensitivity should aid in the functional dissection of the pol locus. To this end, 
,bNA sequence analysis of these mutations is in progress. 

We presume these mutants to be mutated at different sites within the pol locus 

Mutations in two mutants which differ slightly in terms of drug sensitivity but greatly 

mutations have been mapped to different regions. These results indicate 

Analysis 

1397 INDUCTION OF INTERFERON HAS A ROLE IN THE AUTO-INTERFERENCE OF HERPES SIMPLEX VIRUS 
REPLICATION IN MONONUCLEAR PHAGOCYTES, Tapani +Hovi ? K i m 0  Linnavuori , I1 kka Julkunen 
and Pekka Tiainen, Department of Virology, Uhiversity of Helsinki, SF-00290 FINLAND 

Freshly isolated human peripheral blood monocytes.support poorlgr.herpes-simplex virus replica- 
tion, as compared to cultures af macrophage-like cells derived from monocytes by one to two 
weeks-incubation in vitro before inoculatfon with the virus. However, if freshly isolated 
monocytes are infected with low multiplicities of herpes simplex virus (0.05 - 0.0001 p.f.u. 
per cell) infectious virus is produced after a couple of days'lag period. Up to 1000 i.u./ml 
of interferon, mainly or exclusively of type alpha, can be detected in the culture media of 
high multiplicity-infected monocytes while little if any interferon appears to be produced 
in mature macrophages under simi'lar conditions. Anti-leukocyte interferon serum applied to- 
gether with the inoculum virus shortens the lag period before the appearance of the progeny 
virus in low multiplicityiinfected monocytes. High multiplicity infection of monocytes with 
herpes simplex virus inhi'bits morphological differentiation o f  the cells in a manner much like 
that of exogenous interferons, but the virus-induced block of differentiation cannot be pre- 
vented by anti-interferon serum. 
interferon-associated increase in cellular 2:5--01 igoadenylate synthetase activity is under 
investigation. 

Possible correlation of the observed phenomena to the 

1398 CONSTRUCTION OF CONTINUOUS CELL LINES EXPRESSING MEMBRANE-BOUND AND SECRETED FORMS OF 
GLYCOPROTEIN D FROM HERPES SIMPLEX VIRUS, Phillip Berman, Donald Dowbenko. Christian 

Simonsen. and Laurence Lasky. Genentech. Inc. S. San Francisco. Ca. 94080 

The genes coding for glycoprotein D of Herpes Simplex Virus Types 1 and 2 (HSV-1 and HSV-2) 
have been cloned and sequenced. 
were approximately 80% homologous. Although amino acid substitutions were found throughout 
the proteins, clusters of substitutions were found in the amino- terminal signal sequence and 
the carboxy- terminal membrane binding domain. 
into mammalian cells and stablo cell lines which constitutively express a membrane- bound 
form 
cosylated, and exported to the cell surface in a manner similar $0 that which occurs in virus 
infected cells. In other studies we have tailored RSV-1 to be'serreted from manrmalian cells. 
Removal of the gene fragment coding ftx the carboxy- terminal 93 amino acid residues resulted 
in the synthesis of a truncated protein which lacked the membrane binding domain and was 
secreted into the culture medium. 
izing antibodies to both HSV-1 and HSV-2 and were protected from a lethal challenge with 
HSV-1. 
subunit vaccine for human HSV infections. 

Both gD genes coded for proteins 393 a m i ~  acids long which 

The gene coding for RSV-1 gD was transfected 

of gD have been isolated. gD produced in these cells was found to be processed. gly- 

Mice immunized with this secreted protein formed neutral- 

These studies represent the first steps towards the development of an efficatious 
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COMPARATIVE EFFICACY OF DIFFERENT ANTIVIRAL AGENTS IN THE TOPICAL TREATMENT OF CUTA- 
NEOUS HSV-1 AND HSV-2 INFECTIONS IN HAIRLESS MICE, Erik De Clercq, Rega Institute for 
Medical Research, Katholieke Universiteit Leuven, B-3000 Leuven, Belgium 

1399 

Intracutaneous infection of hairless (hr/hr) mice with HSV-1 or HSV-2 was used as a model 
for evaluating the topical efficacy of several antiherpes agents, i.e. (E)-5-(2-bromovinyl)- 
2 ' -deoxyuridine (BVDU) , l-@-D-arabinofurauosyl thymine (araT) , 1-8-D-arabhof uranosyl-g) -5- 
(2-bromoviny1)uracil (BVaraU) , 5-iodo-2'-deoxyuridine (IW) , 5-ethyl-2'-deoxyuridine (EDU) and 
9-(2-hydroxyethoxymethyl)guanine (acyclovir, ACV). The compounds were applied topically 4 ti- 
mes a day for 5 days starting on the day of infection. They were formulated at different con- 
centrations (1. 3 or 10 %) in either Beeler base, polyethylene glycol, Tween-glycerol, dime- 
thylsulphoxide (DMSO). Azone 5 % in water or Azone 5 % in DMSO. Three parameters of infection 
were followed : development of skin lesions, paralysis (of the hind legs) and mortality. 

BVDU was outstanding in its protective activity against HSV-1 infection. Regardless of the 
choice of the vehicle, topical BVDU completely suppressed all parameters of the infection in 
80, 90 or 100 % of the mice when administered at 1, 3 or 10 X ,  respectively. The other drugs 
were markedly less active, BVaraU, araT and IDU achieving protection against HSV-1 infection 
in one half to two thirds of the mice only if administered at 10 X (in DMSO), and EDU being 
virtually inefficacious at 10 %. When applied at 10 X in DMSO, ACV completely prevented the 
development of skin lesionr, and paralysis and mortality therewith associated, in HSV-2-infec- 
ted mice. Under the same experimental conditions, BVDU, IDU and EDU proved ineffective against 
HSV-2 infection. These findings establish the superior activity of BVW and ACV in the topical 
treatment of HSV-1 and HSV-2 infections, respectively. 

1400 SEQUENTIAL STUDIES USING ACYCLOVIR AND ITS ANALOGUE IN A PROPHYLAXIS OF HERPES 
INFECTION IN THE IHMUNOCO~ROHISED HOST, H.Grant Prentice*, David Brigdent 
*Royal Free Hospital. London, #Wellcome Pesearch Laboratories, U.K. 

Studies from our o m  grous (Study 1) and from Johns Hopkins Hospital2 have shown that it is 
possible to prevent recurrence of herpes simplex (HSV) infection in the immunocompromised 
(IC) bone marrow transplant (BMT) recipient using intravenous (IV) Acyclovir (ACV). Because 
infections with herpes zoster virus (VZV) and cytomegalovirus (OW) occur later in 
BMl recipients. protection against these viruses with IV ACV waa not evaluable. Post 
trial infections in BlU recipients jith herpes viruses were very common. Three subsequent 
studies with oral Acyclovir or its qlogues have been undertaken vith.a view to longer term 
prophylaxis in the IC host. jn Study 2 oral Acyclovir 4OOmg 6 hourly was taken for 6 weeks 
following the date of BMT. On- bf 2D patients was non-compliant and developed HSV 
stomatitis (and fatal CMV pne-itis on ACV). Four others developed HSV lesions. 
Protection with oral ACV was incomplete and study 3 was instituted, in which BHT patients 
received either oral ACV or were randomly allocated during one week to receive compound 134U 
a well absorbed ACV analogue. Pharmacokinetic profiles will be presented. In Study 4 a 
further ACV analogue which is near 100% absorbed, achieving peak blwd levels equivalent to 
thoae seen with IV ACV will be discussed. 
Refs:(l) Hann et el. Brit. Iled. J. 1983. 287: 384; (2) Sara1 et al. N. Eng. J. Med. 1981. 
305: 63; (3) Prentice et al. J. Infect. 1983, 6. (Suppl.l):17. 
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