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ABSTRACT

Methods tor the production of hybrid cell lines (hybridomas)

secreting monoclonal antibodies against specific antigenic determinants

have recently been developed (Kohler G. and Milstein C., Nature 256,

495, 1975). Monospecific antibodies to Herpes simplex virus (HSV) anti-

gens would greatly facilitate the analysis of HSV type-specific

determinants, be of use in molecular studies of virus-cell interactions

and could have potential applications in immunization qgainst HSV

infections. To this end, spleen cells from HSV2-immunized BALB/c mice

have been fused to a BALB/c derivedHGPRT-myeloma line (Sp 2/0 Ag-14)

and the resulting hybrids selected in HAT medium. From 13 successful

fusions,l02 hyb1id populations secreting antibodies recognizing anti-

genic determinants specified on HSV2-infected cells have been identified

by FITe-immunofluorescence, an ELISA method or a 125I-protein A binding

assay. Ten of the positive hybrids have been cloned by limited dilutions

to generate 124 monoclonal lines reacting specifically with HSV-infected

\
but not with mock-infected cells. High titres of anti-HSV specific

ant~odies have also been detected in two ascitic fluids recovered from

tumors induced in mice by injection of positive hybridomas. Preliminary

data on the characterizathQn of two hybridomas in terms of the subclass

of immunoglobulins they secrete and the specificities of antibody they

define has also been obtained.
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1. Introduction

Herpes simplex virus (HSV), also known as Herpesvirus hominis,

establishes diverse clinical manifestations upon infection in humans.

The virus usually replicates in tissues of ectodermal origin and causes

disease upon prImary infection (gingivostomatitis) as well as upon

reactivation from a latent state (herpes keratitis and herpes labialls)

(Lerner, 1976). HSV can be identified from other members of the Herpes­

virus group by antigenic analysis and by definitIon of biological proper­

ties ~h as host range and type of cytopathological effect. ~SV may

also be differentiated by enzyme neutralization, polypeptide analysis,

DNA base composition, or molecular hybridization (Gentry and Randal, 1973).

There are tW9 serologically distinct types of herpes simplex virus

(Nahmias and Dowdle, 1968). Herpes simplex virus type-l (HSV-l) which

has been observed to infect predominantly the oralpharyngeal pathway is

the causative agent of the common cold sore (herpes labiaIis), and is

responsible for herpes encephalitis, follicular conjunctivitis, and eczema

herpeticum. Herpes simplex virus type-2 (HSV-2) which infects predom­

inantly the genital tract causes a very common venereal disease (herpes

genitalis). Genital herpetic infections of the expecting female can

also be transmitted to the newborn during parturition (neonatal herpes).

HSV-2 is responsible for 31% of HSV infections and 85% of HSV genital

infections (Wolontis and Jeansson, 1977).

HSV-l is a rather ubiquitous virus in the human population.

Primary infection by the virus often occurs during early childhood

and infected individuals develop neutralizing antibodies during
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convalescence.- However, recovery from infection does not provide com-

plete immunity from further disease. Once the initial symptoms

subside, the virus becomes latent in local sensory ganglia, r~aining

present in the body throughout life. The virus can be reactivated

from this latent stage by certain nonspecific stimuli to cause a

recrudescence of the disease, despite significant levels of circulating

antibody. The virus is spread orally by both individuals experiencing

primary infection and by asymptomatic individuals. Poor personal

hygiene, close personal contact. and crowded living quarters favor the

transmission of the virus, so that 80-100 percent of adults living in

lower socioeconomic environments have antibodies to HSV-l compared to

30-50% of adults in higher socioeconomic levels (Hirsch, 1979).

Studies of the HSV-2 induced disease show that the virus is vener-

e~lly transmitted and causes lesions similar to the type-l disease confined

~owever, to the genitalia. Except in cases of congenital HSV-2 disease,

antibodies to the virus are not detected until adolescen~e. The appear-

ance of antibodies and the acquisition of the disease are correlated

with the age of heterosexual activ~ty and have been Shown to plateau

after the age of maximal sexual activit~~ Women of a sexually promis-

'-.

cuous nature, especially prost1tu~es (Duenas et a1., 1972), show a •

gte~ter occurrence of HSV-2 antibodies when compared with monogamo~s:

• '>

wOmen. Chaste wOmen of religious orders are virtually free of HSV-2

antibodies (Nahmias et al., 1970).

".

HSV-2 is trans~itted by the exchange of contaminated secretions

which occur during sexual intercourse. While s~bjects with the disease

shed virus for a considerabfe length of time, the major source of virus'

..
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spread is through sexual contact with individuals who are asymptomatic,

however persistently infected. In women, t~e cervix is the chief site

of infection and in males the disease is usually confined to the exter-

ior portions of the penis. The most important factor influencing the

severity of the clinical manifestations is the individual's ,immune

status.

As with HSV-1,\fol1owing primary infection, the virus becomes
I ~

latent and remains occult in the local sensory ganglia. The virus may

be reactivated by nonspecific stimuli to reinitiate the diseased state.
"' Of,

\

Due to the mode of transmission of HSV-2, the disease also shows an

increased incidence in lower socioeconomic environments ~here 20-30% of

adults may be infected. Only 7-9'percent of adults in the upper socio-

economic levels have Qntiborlies to HSV-2, (Rawls et al., 1971).

HSV-2 is als6 suspect of being associated with squamous cell

carci~oma or' the cervix (Rawls et al., 1968; Melnick et al., 1970;
- ~

Aurelian, 1973). Rubin (1974) reports that in the United States the

malignancy has an incidence of 44 c~ses per 100,000 women per year.
/

This is the second most common cause of cancer of American women,
~

accounting for approximately 20 percent of all femarecancers and an

estimated lO~OOO deaths annually.

Kessler (1977) listed in a review on cervical cancer numerous

venereally transmitted organisms that have been implicat~d in the cause

of abnormal cervical cytology and cervical canter. However, in a recent

study, Thomas and Rawls (1978) showed that mild dysplasia of the cervix

might be'associated 'with prior infections by other venereal ofganisms,

whereas severe dysplasia and carcinoma in situ are more significantly

~\,

•
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related to serological evidence of prior HSV-Z infections.

A vast amount of research has accumulated in the recent decade

'\
\ supporting an associat~on between HSV-Z and cervical cancer, however it

has not yet been possible to unequivocally implicate the virus as being

etiologic in causing the cancer (Rawls, 1979).
t

1.1

!
I

f

J

!
)

Herpes simplex virus is a rather large, complex virus incorpor-

ating DNA, proteins, lipids, and carbohydrates into its' structure. The,
viral DNA is double stranded and has a molecular weight of approximately

810 daltons. Its' base composition, given as the relative ratio of

purines to pyrimidines, is 68.3% for HSV-l and 70.4% for HSV-Z. Con-

sequently, the density of the viral DNA's are 1.727 glcc and 1.729 glee,

respectively (Lerner, 1976).

Electron microscopy using phosphotungstic acid staining reveals
~

that the virion consists of a roughly spheric central core of DNA which

measures 75 nm in diameter 'and a stable capsid which measures 100 nm in

diameter. It appears to be of icosohedry1 geometry with a 5;3;2 axial

symmetry consisting of 162 capsomers of which 150 are hexagonal and, 12

pentagonal in cross-section. The capsid is su~nded by an envelope

/
derived from hoSt cell membranes, and the virion is 145 to 200 om in

diamet~r.

Virus particles may appear with or without envelopes; both

enveloped and naked particles can infect cells although complete virions
"

are more efficient. Naked viral DNA has also been shown to be infec-
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tious (Sheldrick et al., 1973; Graham et al., 1973). It is believed

that virions enter the host cell either by phagocytosis (viropoxis)

(Morgan et al., 1968), or by fusion of the viral envelope with the host

cell's plasma membrane (Miyamoto et al., 1971). After initiation of a

productive infection, the virus becomes disaggregated within the cyto-

plasm perhaps with the aid of cellular lysosomes. The viral coat

proteins stay within the cytoplasm and the viral DNA is tranported into

the nucleus (Hochberg and Becker, 1968). Ultimately, newly-formed

viral DNA i$ packaged-thto capsids in the nucleus. These acquire an

envelope at the nuciear membrane, egress through the cysternae of

the endoplasmic reticulum and are released from the cell. In this

m~ner, host materials make up major portions of the virion envelope.

Productive viral infection is accompanied by dramatic cytopath-

~

ological effects including condensation and margination of chromatin,

disaggregation of the nucleolus, cessation of host DNA, RNA, and protein

synthesis, alteration in structure and immunological specificity of the

plasma membrane and alteration in the social behavior of infected cells

(Roizman and Furlong, 1974).

In the case of an abortive infection, the virus either fails to

produce progeny and cell destruction does not occur, or the host cell

might become transf~ed.

The process of herpesvirus replication, as reviewed by Roizman and

Morse (1978), has been shown to differ from that of other DNA viruses.

All viral proteins;~apparentlycan be synthesized even if viral DNA

synthesis is completely blocked by inhibitors (O'Callaghan et al.,

1968), and their synthesis is coordinately regulated and sequentially



~r
I'.. '

6

ordered (Honess and Roizmann, 1974). The sequential control of mRNA

(. formation is suggested by experiments in which infected cells are

treated with an~nhibitor of protein synthesis for various lengths

of time after infection. ~~en the inhibitor is removed, three differ-

ent classes of polypeptides are made in a time dependent order, called

alpha, beta, and gamma proteins (Honess and Roizman, 1974).

When cells are infected by the virus in the presence of cyclo-

hexamide or puromycin, both cellular and viral protein synthesis is

blocked. When the block is released, protein synthesis is allowed to

occur. Alpha proteins are operationally defined as the virus specific

proteins which do not require prior infected-cell protein synthesis in

order to be produced. The alpha group comprises the virus specific

proteins synthesized immediately (0.5 to 2 hours) after the withdrawl

of inhibitors (Honess and Roizman, 1974).

Although several a proteins have been identified, their function

is largely unknown. Recent information suggests that they are involved

in the initiation of B protein synthesis, as B polypeptides require the

presence in the infected cells of functional a polypeptides in order to

be made (Honess and Roizman, 1975). Beta proteins appear within the

infected cell between 4 to 8 hours postinfection. Among them are several

proteins involved in DNA synthesis, such as viral DNA polymerase and

thymidine kinase, as'well as proteins involved in the shut-off of host

cell metabolism. The synthesis of y polypeptides require the presence

of functional a-and B polypeptides; these polypeptides appear late in

the infectious cycle with peak synthesis occur~ing 15 to 18 hours post­

infection and comprise largely the structural (virion) proteins.








































































































































