Cellular polypeptides overexpressed after herpes
simplex infection permit virus subtyping and may help
diagnose cervical cancer
J M DAVIS,* N B LA THANGUE,$ D L TAYLOR,* D S LATCHMAN,t
M ANDERSON,§ A S TYMS*
From the *Division of Virology, Department of Medical Microbiology, St Mary's Hospital Medical School, the
tDepartment of Zoology, University College, the ,National Institute for Medical Research, and the §Samaritan
Hospital, London
SUMMARY The synthesis of cellular macromolecules is inhibited after infection with herpes simplex
viruses (HSV) although certain host proteins accumulate to high concentrations as identified by
monoclonal antibody TG7A. By western blotting, a polypeptide with a relative molecular weight of
90 kilodaltons was identified in cells infected with type 2 viruses and a polypeptide of 40 kilodaltons
relative molecular weight in type 1 infected cells, and virus typing was confirmed by restriction
enzyme analysis of viral DNA. Thirty seven clinical isolates from the genital region were subtyped as
HSV type 2 and 18 from the orofacial region as type 1 by the different intracellular location of the 90
kilodalton and 40 kilodalton proteins seen on immunofluorescent staining ofcells infected with HSV.
Expression of these proteins has been associated with cellular transformation due to gene products of
HSV or other viruses. Overexpression of the cellular proteins identified by TG7A reactivity was
shown to be a marker for cells in cervical smears from patients with CIN III that appeared to be
dyskaryotic. Little or no reaction was observed in squamous epithelial cells found in normal or
abnormal smears.

Herpes simplex viruses (HSV) have been classified into
type 1 or type 2 strains by variation in structure of
polypeptide' or genome23 and by antigenic differences.4 Type 1 viruses are generally associated with the
orofacial region, and type 2 viruses with the urogenital
tract,5 although this is not a strict rule,6 and their
location probably reflects the epidemiology rather
than any precise tissue tropism. Subgenomic DNA
fragments or defective virus particles of both type 1
and type 2 viruses are capable of transforming cells in
culture,7 and such cells are tumorigenic in vivo.8
Similarly, HSV has been shown to act as a tumour
initiator in at least one animal model of carcinogenesis.9 This information coupled with epidemiological
evidence,'0 " indicates a possible role for HSV in the
aetiology of cervical cancer. It may act as an initiating
agent, rendering cells susceptible to transformation
with human papillomaviruses types 16 and 18 that,
although found in a high proportion of women with
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cervical tumours,'2-'4 are also found in women without
detectable cervical abnormality.5 16
During lytic infection with HSV, cellular
macromolecular synthesis is strongly repressed, although several cellular proteins accumulate to high
concentrations during infections with prototype
viruses.` A monoclonal antibody, TG7A, raised
against extracts of cells infected with HSV, recognises
two such proteins. One has a relative molecular weight
of 90 kilodaltons, which is related to a 90 kilodalton
heat shock protein, and accumulates in cells infected
with HSV type 2; the other protein has a relative
molecular weight of 40 kilodaltons and accumulates in.
type 1 infected cells.'8 These proteins are also overexpressed in cells transformed by HSV,by other DNA
or RNA viruses, or in immortalised cells,'9 and they
may therefore have a role in maintaining the transformed phenotype.
We report here two further observations on the
polypeptide defined with TG7A. Firstly, HSV recently
isolated from patients caused the cellular proteins to
be overexpressed during lytic infection, which permitted the identification ofthe viruses as being oftype 1 or
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POLYPEPTIDE ANALYSIS AND WESTERN
BLOTTING

Baby hamster kidney cells (BHK 21) were grown in 25
cm2 plastic tissue culture flasks and infected at a
multiplicity of infection of at least one plaque forming
unit (pfu)/cell. After being incubated for 24 hours,
cells were harvested and disrupted in sample buffer.
Polypeptides were separated under reducing conditions by discontinuous sodium dodecyl sulphatepolyacrylamide gel electrophoresis (SDS-PAGE),
with molecular weight standards, in a 12.5% running
gel cross linked with N,N'diallytartardiamide.
Proteins were transferred electrophoretically to
nitrocellulose (Amersham International), reacted with
monoclonal antibody TG7A, and then reacted with
peroxidase labelled antimouse conjugate. The methods used were similar to those described previously.'7
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RESTRICTION ENZYME ANALYSIS

HEF cells infected with virus as indicated above, were
exposed to 15 pCi/ml radiophosphorus (32P) orthophosphate, and the total DNA was extracted after
incubation for 24 or 48 hours. Viral DNA fragments
were resolved on autoradiographs after being digested
with restriction enzymes and separated on agarose
gels, as described elsewhere.'
IMMUNOFLUORESCENCE AND CYTOLOGICAL
PROCEDURES

HEF cells grown on 13 mm glass coverslips were
exposed to virus to provide populations of infected

Kpn 1
Barin Hi
Fig 1 Characterisation of HS V isolates by restriction
enzyme analysis of viral DNA after labelling with
radiophosphorus (32P) orthophosphate. Genital andfacial
isolates (isolate TA) from one patient were identified as HSSV
type 1 by comparing restriction profiles with a prototype
HSV 1 strain. All type 1 viruses were clearly distinguishable
from type 2 genital isolate 3M by absence ofcomigrating
DNA fragments.
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type 2. Secondly, during investigations of cervical cells. After being fixed in acetone, cell monolayers
smears from patients with moderate to severe dysk- were subjected to indirect immunofluorescence using
aryosis and CIN III proved by biopsy, we identified TG7A or control monoclonal antibodies directed
abnormal cells that showed strong immunofluores- against HSV type -specific or cytomegalovirus
cence with monoclonal antibody TG7A. The cells (CMV) specific proteins. This was followed by
failed to react with monoclonal antibody specific for immunofluorescence with an antimouse fluorescein
HSV encoded protein. This suggests that the over- isothiocyanate conjugate using 1 % Evan's blue as a
expression of the cellular proteins may provide a counterstain. Cervical smears were provided on
marker of transformation in situ, thus permitting the multiplace teflon coated slides, which were stained
identification of dysplastic cells.
as described above. Preparations were viewed and
photographed using a Leitz epifluorescent microscope
system.
Methods
Results
HERPES SIMPLEX VIRUSES AND CERVICAL SMEARS
Prototype viruses used were HSV type 2 strains 333
and HG52 and HSV type 1 strain 171. Low passage MOLECULAR DEFINITION OF CLINICAL ISOLATES
clinical isolates of HSV (TA, JV, and 3M) were OF HSV
obtained from patients at St Mary's Hospital attend- A woman aged 19 attended the STD clinic at St Mary's
ing the STD clinic or from the department of routine
Isolate
Isolate
Isolate Isolate
diagnostic virology. Clinical isolates were initially
TA
TA
TA
3M
1
A
l
I
]
grown in human embryonic fibroblasts (HEF).
Prototype
Abnormal cervical smears were obtained from the
Samaritan Hospital, and control smears from a family Eye Genital
Genital HSV2
Eye Genital HSV1
virus
virus
planning clinic.

SUBTYPING WITH MONOCLONAL ANTIBODY TG7A
USING IMMUNOFLUORESCENCE

Fig 2 Western blot blind analysis ofproteins extractedfrom
cells infected with HSV type 1 or 2 using monoclonal
antibody TG7A. BHK21 cells infected with HSV type 1
strains (JL, TA, or 1 7I) or type 2 strains (HG52, 333, or
3M) at a multiplicity ofinfections of 1 or more plaque
forming units (pfu)/cell or left uninfected (control cells (cc))
were harvested 24 or 48 hours after infection. Overexpressed
cellular proteins with molecular weights of 90 kilodaltons
(type 2) and 40 kilodaltons (type 1) were resolved by
immunoblotting with TG7A.

Hospital with symptoms of genital herpes with no
previous history of infection. Four days later, she
complained of vesicular eruptions on the right eyelid.
Viruses isolated from both sites were unequivocally
identified as HSV type 1 by restriction enzyme analysis
of viral DNA, and were indistinguishable by analysis
with Kpn 1 and Bam HI (fig 1) or Eco RI and Xho 1
(results not shown). This showed that a single virus
(isolate TA) had caused simultaneous infection at two
distinct anatomical sites. Virus isolated from the
patient's vulva was grown for 24 hours in BHK 21
cells, and polypeptides were separated by SDS-PAGE
and analysed by western blotting using monoclonal
antibody TG7A. In the 40 kilodalton relative
molecular weight region we detected an abundant
polypeptide (fig 2), which was absent from uninfected
cells. Similar results were recorded with a type 1
clinical isolate (isolate JL) from a second patient,

The intracellular location of cellular proteins overexpressed after HSV infection varies between serotypes.
In studies with prototype viruses, the lower relative
molecular weight protein associated with HSV type 1
infected cells was intracellular, predominantly in the
nucleus, whereas the higher relative molecular weight
protein of type 2 infections was restricted to the
cytoplasm and surface membrane. We subtyped 37
clinical isolates from patients with recurrent genital
herpes and 18 isolates from orofacial lesions, on the
basis of the staining reaction with monoclonal
antibody TG7A using indirect immunofluorescence.
Specimens were coded and classified blind as HSV
type 1 or type 2 by this method (fig 3). The identify of
the various isolates confirmed the previous identification by restriction enzyme analysis of viral DNA or by
type specific monoclonal antibodies to virus encoded
proteins.
INVESTIGATION OF CYTOLOGICAL SMEARS WITH
MONOCLONAL ANTIBODY TG7A

Four patients with moderate to severe dyskaryosis had
atypical transformation zones identified at colposcopy; all four had acetowhite epithelium and two also
had areas of congenital transformation zone. Microscopy of specimens obtained at colposcopically directed biopsies showed CIN III in all four patients (see
table). Three women attending a family planning clinic
provided the control samples. Monoclonal antibody
against HSV type 2 encoded proteins was included on
each slide to identify specifically any cells expressing
viral antigen.
In cervical smears from the four patients with
abnormal cytology, cells apparently dyskaryotic in
appearance showed strong immunofluorescence in the
cytoplasm after reaction with TG7A (fig 4), but no
reactive cells were seen when stained with the monoclonal antibodies specific for HSV or CMV. The
negative reaction of monoclonal antibodies specific
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prototype type 1 virus 17I (fig 2), and three other
HG52 JL TA 3M 171 cc 333
clinical isolates including virus TA isolated from the
patient's eyelid (results not shown).
A man with a history of recurrent genital herpes
periodically attended the STD clinic at St Mary's
Hospital. Virus (isolate 3M) isolated from lesions on
his penis was identified as HSV type 2 by restriction
enzyme analysis of viral DNA (fig 1). Western blot
I <90
analysis detected a cellular protein with a molecular
[. X
weight of 90 kilodaltons when BHK21 cells were
m
infected with the 3M strain or prototype type 2 strains
0i:>rD
333 and HG52 (fig 2). Similar results were recorded
with
four other clinical isolates of HSV type 2 (results
W
E
not shown).
c1
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Fig 3 Blind identification of HSV type and HSV type 2 infected cells with TG7A using indirect immunoflorescence. HEF
cells were infected with HSV type 1 or type 2 virus at a multiplicity ofinfection of 0-1 to 0-2 andfixed in acetone 24 hours after
infection. Immunofluorescence was restricted to cytoplasm and surface membrane (arrows) of (left) type 2 infected cells,
shown here as polynucleated cells and (right) generally located in nuclei (arrows) of cells infected with HSV type 1.

for these viruses excluded the possibility of false
reactions with TG7A because of non-specific binding
of monoclonal antibody. Most squamous cells in the
smears containing abnormal cells stained negatively,
as indicated by the red fluorescence due to the
counterstain. A few cells were weakly positive with
TG7A. Three smears from the control group contained cells that were negative for all three monoclonals (fig 4), although one smear showed an occasional
cell reactive with TG7A.

initiating agents that render cells vulnerable to subsequent transformation with papillomavirus.'2 HSV
represents an obvious candidate for such an initiating
agent, as defective virus can transform cells in vitro'
and in vivo9 and HSV DNA sequences have been
found in about 10% of malignant genital tumours.2'
Several cellular proteins clearly accumulate during
lytic infection with HSV, and these same proteins are
known to be overexpressed in transformed cells.'9
Thus HSV may activate the synthesis of cellular
polypeptides that may contribute to the transformed
Discussion
phenotype, forming a basis for the "hit and run"
model. Such a change in the pattern of cellular gene
Although the association of papillomavirus infection expression has recently been suggested as the basis of
with human cervical cancer is well documented,'3 14 the initiating events in cervical carcinogenesis, whether
observation that this virus is also present in a propor- activated by HSV or other agents.22
tion of women without cervical abnormality5 16 sugThe results presented here showed that the overexgests that other factors may operate. These may act as pression of cellular proteins was also a characteristic
Table Details ofpatients with abnormal cervical smears
Case No

Age

Dyskaryosis

Colposcopicfindings

Histology

1
2
3
4

28
28
30
35

Severe
Moderate
Severe
Severe

Atypical transformation zone (ATZ) and acetowhite epithelium (AWE)
ATZ, also congenital transformation zone (CTZ), and AWE with punctation
ATZ, CTZ, and AWE
ATZ and AWE

CIN III
CIN III
CIN III
CIN III
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(right)
Fig 4 Cells in cervical smears from women with CIN III or women attending family planning clinic. Each smear was reacted
with TG7A monoclonal antibody, HSV type 2 specific monoclonal antibody, CMV specific monoclonal antibody, or phosphate
buffered saline. Smears from patients with CIN III (left) contained cells that were dyskaryotic in appearance and showed
intense reaction with TG7A, but not with either of the virus specific monoclonal antibodies. Squamous cells (arrows) were
devoid of the reaction in these abnormal smears. Smears from women attendingfamily planning clinic (right) contained
squamous cells (arrows) that in general showed little or no reaction with any of the monoclonal antibodies used.

of clinical isolates of HSV, and not a phenomenon induced the expression of the lower relative molecular
strictly related to laboratory adapted prototype weight polypeptide and provided evidence that the
viruses. In fact, western blot analysis of the 40 accumulation of specific cellular proteins was serotype
kilodalton and 90 kilodalton polypeptides clearly specific and not associated with a site related tropism.
differentiated between HSV type 1 and type 2 infec- Primary infection with HSV type 1 in the genital
tion, and immunocytological analysis by monoclonal region in the presence of recurrent type 2 infection is
antibody TG7A provided a new and accurate means not uncommon, and this situation is made more
of subtyping HSV using a single reagent. This could complex by the high incidence of symptomless infecprovide an advantage in diagnostic applications.
tions with HSV.23 This may indicate a role for dual
Although HSV type 2 is the serotype most closely infection with the different serotypes in the transforlinked with cervical cancer, the increased incidence of mation process in vivo.
HSV type 1 in the genital region shows that this virus
Our previous work has suggested that the overextype may also play a part. HSV type 1 infection has pression of both the 40 kilodalton and 90 kilodalton
been recorded in about 20% of first episode attacks of relative molecular weight proteins was a general
genital herpes,6 although it was apparently not marker for the transformed phenotype, and was not
associated with recurrent episodes at that anatomical restricted to HSV induced changes during lytic infecsite. In our investigation of primary type 1 infection, tion.'9 The main antigenic component of the transboth the genital and facial isolates from one patient formed cell appeared to be the 90 kilodalton poly-
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