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A~s&w~-DNA sequences homologous to HSV-I and HSV-2 DNA fragments were searched 
in 64 genital, 35 labial and 34 cerebral tumors. Southern blot transfers of tumor and control 
DNAs were hybridized in stringent conditions with 32P labelled probes from HSV-‘-I and HSV- 
2 cloned DNA fragments. SpeciJic hybridization to HSV-2 BglII Nfragment was observed in 
six (9.4%) genital tumors. Labial and cerebral tumors did not show hybridization to any of the 
probes used. The technique employed allowed the detection of 0.1 copies of viral fragments per 
diploid genome. 

INTRODUCTION 
HERPES Simplex Virus type 1 and 2 (HSV-1 and 
HSV-2) are able to transform rodent cells to malig- 
nant phenotype [l] and have been proposed as 
etiologic agents in some human tumors [2]. 

HSV-2 has been incriminated as a possible cause 
of cervical cancer on the basis of serologic and 
epidemiologic studies [3]. Supporting evidence 
comes from finding HSV antigens expressed in 
tumor cells [4], as well as from the detection of 
viral RNA [5, 61 and DNA [7-lo] in some human 
tumors. Moreover Wentz et al. [ 1 l] showed that 
repeated exposure of the mouse cervix to inac- 
tivated HSV-2 causes cervical dysplasia and invas- 
ive cancer. Even if the data available suggest an 
association between HSV-2 and genital cancer, 
further investigations will be needed before estab- 
lishing a role of HSV-2 in oncogenesis. 

Even if fewer studies have been undertaken on 
the relationship between HSV-1 and labial and 
cerebral tumors, yet some observations support 
their connection. 

The rationale suggesting to search for a possible 
relationship between labial tumors and HSV-1 is 
mainly supported by two observations: (i) lips are 
the preferential site of a high percentage of herpetic 
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recurrences and sometimes the tumor arises on the 
same site of herpetic recurrences [ 121; (ii) even 
if sometimes patients with oral cancer show high 
antibody titers to HSV- 1 [ 131, a significant epid- 
emiologic association was not always detected 
between Herpes labialis and lip cancer risk [ 14, 151. 

About the relationship between cerebral tumors 
and HSV-1, viral nucleic acids were detected in 
human brains by in situ hybridization, although 
no virus could be isolated, nor any viral antigen 
detected by immunofluorescence [ 161. Further- 
more, by Southern blot and dot-blot hybridization 
techniques, HSV-1 DNA sequences were found in 
brains of patients who died from neurological and 
non-neurological causes [ 171, and in post-mortem 
and operative specimens of temporal lobes from 
epileptic patients [ 181. Viral DNA sequences were 
also found by reassociation kinetic analysis in 
brains of mice latently infected with HSV-1 [ 191. 

Based on these reports, we took an interest in 
analysing a large number of human tumors arising 
in sites usually infected by HSV (genital, cerebral 
and labial tissues), by a technique able to detect 
0.1 copies of viral DNA fragments per diploid 
genome. In this work 64 genital neoplasias were 
searched by Southern blot hybridization [20] for 
the presence of sequences homologous to HSV-2 
DNA fragments, mainly BglII N, while 34 cer- 
ebral and 35 labial tumors were analysed for the 
presence of sequences homologous to HSV-1 DNA 
fragments, mainly BglII I. These fragments were 
chosen since both are able to transform cell cul- 
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tures in vitro and do not have sequences hom- 
ologous to cellular DNA [ 11. Furthermore DNA 
sequences homologous to BglII N had already 
been detected in DNA from some genital tumors 
[alo]. 

MATERIALS AND METHODS 

Tumor samples 
Biopsy specimens or surgically removed material 

were obtained from patients enrolled at the Gyn- 
ecologic, Dermatologic or Neurosurgical Clinics 
of the University of Ferrara. The samples were 
immediately frozen in liquid nitrogen, brought to 
the Institute of Microbiology and stored at -80” C 
until DNA extraction. Material immediately adjac- 
ent to each sample selected for us was subjected 
to hystopathologic examination. The samples were 
sent under code and the analysis was done without 
knowledge of the patients’ diagnoses. 

Processing of DNA 
DNA was extracted from tissues and purified 

as already described by Cassai et al. [21]. Ten 
micrograms of DNA from each genital tissue were 
digested with EcoRI and Sac1 enzymes (6 units/pg 
of DNA for 4 hr at 37” C), while DNAs from labial 
or cerebral tissues were digested with XbaI and 
KpnI when probed to HSV DNA BglII 
fragments, with BamHI when assayed with HSV 
DNA BamHI fragments. Electrophoresis was per- 
formed on 0.6% agarose gels ( 1.5 V/cm for 15 hr). 
Transfer of DNA from the gels to hybridization 
membranes (Gene Screen Plus, NEN Research 
Products) was accomplished in 10X SSC (SSC 1X 
is 0.15 M Sodium Chloride and 0.015 M Sodium 
Citrate) for at least 14 hr. After transfer, the hyb- 
ridization membranes were treated with 0.4 N 
NaOH to ensure complete denaturation of immo- 
bilized DNA, rinsed briefly in 0.2 M Tris-HCl 
pH 7.5-2X SSC, dried at room temperature and 
stored at 4” C. 

Plasmids 
HSV-2 (333) BglII fragments, cloned in pkC7, 

were a generous gift of N. Frenkel (University of 
Chicago, U.S.A.). HSV-1 (F) BamHI E, M and J, 
cloned in pBR322, were a generous gift of B. 
Roizman (University of Chicago, U.S.A.). HSV-1 
BglII I was cloned in pkC7 in our laboratory. 

32P Labelling of probes 
The HSV DNA fragments cloned in the plasmid 

vector were labelled in vitro with 32P dGTP and 32P 
dCTP by nick translation reaction with a specific 
activity of about 1-3X lo8 cpm/pg of DNA. HSV- 
2 DNA BglII C (0.42-0.58 m.u.), BglII N 
(0.58-0.63 m.u.) and BglII I (0.63-0.72 m.u.) 

fragments were hybridized to DNAs from genital 
samples in high stringency conditions. To search 
HSV-1 DNA sequences in labial and cerebral 
tumors the probe used in all the cases was HSV- 
1 BglII I (0.31-0.41 m.u.). Some labial and cer- 
ebral tumors were analysed also for homology to 
HSV-2 BglII N, HSV-1 BamHI E (0.02-0.08 
m.u.), M (0.22-0.25 m.u.) and J (0.88-0.92 m.u.). 

Hybridization 
The hybridization membranes were first incu- 

bated in prehybridization solution (30% deionized 
Formamide, 1% SDS, 1 M NaCl, 10% Dextran 
Sulfate) for 6 hr at 65” C; heat denatured 32P 
labelled HSV DNA probes and salmon sperm 
DNA were added at the end of prehybridization 
period. Incubation was carried out for 18 hr at 
65” C with constant agitation. Filters were rinsed 
twice with SSC 2X and SDS 0.1% for 30 min 
at 65” C, and extensively washed in decreasing 
concentrations of SSC (2X to 0.1X) at 65” C. 
Membranes were dried and autoradiographed, 
usually for 15 days, at -80” C with intensifying 
screens. To assess the sensitivity of the technique 
employed, the equivalent of 10, 1 and 0.1 copies 
of the cloned viral fragments used as probes were 
mixed with 10 pg of digested salmon sperm DNA, 
electrophoresed, transferred to hybridization mem- 
branes and hybridized to the corresponding 32P 
labelled HSV DNA fragments. It was shown that 
the technique allowed the detection of 0.1 copies 
of viral sequences per diploid genome. 

RESULTS 

Analysis of DNA from genital tumors 
DNAs extracted from different tissues of the 

female lower genital tract were hybridized to 32P 
labelled plasmid DNA containing HSV-2 DNA 
BglII N fragment; Table 1 shows the hystologic 
classification of the analysed tissues. Out of the 64 
neoplasias analysed, three dysplasias (one vulvar 
and two cervical) and three invasive carcinomas 
(two vulvar and one cervical) contained sequences 
homologous to BglII N, while DNAs from 25 
normal tissues were all negative. Figure 1 presents 
all the six positive samples obtained when the 64 
genital tumors were probed with BglII N fragment 
(7.6 kb). The intensity of the radioactive bands 
compared with that obtained in reconstruction 
experiments suggested that the sequences hom- 
ologous to BglII N were present in 0.1-0.5 copies 
(lanes B, D, E, F) and in 5-10 copies (lanes A and 
C) per diploid genome. 

EcoRI/SacI digestion of Bgl II N, generates four 
hybridizable fragments of respectively 0.6, 1.5, 
2.2, 3.1 kb. The DNAs of samples A-E showed a 
single hybridization band with the apparent size 
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Fig. 1. Autoradiogram of Southern blot hybridization reaction of DNA extracted from the six genital tumors positive to the 
BGI II N probe. The size markers are Hind III f g ra ments of phage lambda DNA. Lanes A and D contained DNA from 
cervix dysplasia, lane E contained DNA from ouluar dysplasia, while lane C contained DNA from cervix invasive carcinoma 

and lanes B and F contained DNA from vulva invasive carcinoma. 
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Fig. 2. Detection of sequences homologous to HSV-2 DNA fragment BglII N. On the left is shown the ethidium bromide 
stained pattern of the gel, on the right the autoradiogram of the hybridized filter. DNA (10 pgllane) from two control cervical 
tissues (lanes 3, lo), four invasive cervical carcinomas (lanes A-7), two cervical dysplasias (lanes 8, 9), were cleaved by a 
double digestion EcoRIlSacl, electrophoresed through 0.6% agarose, transferred to nitrocellulose and hybridized to 32P labelled 
plasmid containing HSV-2 BglII N f g ra ment and exposed for autoradiography. Lane 1 contains HindIII cleaved phage lambda 
DNA, lanes 2 and 11 do not contain any sample, lane 12 contains the equivalent of 10 copies of HSV-2 (33) DNA cut with 

BglII. The positive sample in lane 6 corresponds to sample C in Fig. 1. 

Fig. 3. Hybridization test using pKC7 DNA as probe. On the left is shown the ethidium bromide stained pattern of the gel, 
on the right the autoradiogram of the hybridization filter. All samples, the same of Fig. 2, were digested with BglII, 
electrophoresed through 0.6% agarose, transferred to nitrocellulose and hybridized to s2P labelled plasmid pKC7 and exposed 
for autoradiography. Lane 1 contains Hi&III cleaved phage lambda DNA, lanes 2 and 11 do not contain any samples, lane 

12 contains the equivalent of 0.2 copies of pKC7 DNA cut with BglII. 
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Table 1. HS?‘-2 BglII ,VJ~agment in neo/dasias of the her genital tract 

Controls (ccrvical/vulvar non ncol~lastic 
Irsions; 
normal crrvical/vulvar tissur liom 
cancer patients). 

of 4.3-5 kb, whereas sample F showed a band of 
about 20 kb, indicating that only a part of BglII 
N is present, presumably integrated. Figure 2 
shows one of the hybridization experiments where 
one positive sample was detected out of eight ana- 
lysed for the presence of BglII N sequences. 

Since the HSV DNA fragments used as probes 
were not purified from plasmid DNA before label- 
ling, all the samples were also separately hyb- 
ridized to a pkC7 probe, in order to exclude the 
possibility of false positive results due to cross- 
hybridization of labelled plasmid DNA to host 
DNA or to DNA from bacteria of the genital flora. 
None of the tumor or control DNA showed hom- 
ology to plasmid DNA; Fig. 3 shows one of these 
hybridization experiments. 

DNAs from six cervical invasive carcinomas, 
three vulvar dysplasias and one cervical dysplasia 
(this last sample being positive to BglII N), were 
probed in high stringency conditions also to HSV- 
2 BglII C DNA fragment which is reported to 
have transforming activity for cultured cells [22]. 
Moreover, DNAs of two vulvar invasive car- 
cinomas and one vulvar dysplasia positive to Bgl II 

N, were probed to the HSV-2 BglII I fragment. 
In no case hybridization bands were detected (data 
not showq). 

Since HSV-1 has been consistently isolated from 
herpetic genital infections, the DNAs from 11 neo- 
plasias (six invasive carcinomas from cervix and 
five from vulva), all negative to HSV-2 BglII N 
fragment, were probed to HSV-1 BglII I trans- 
forming fragment, but no hybridization bands were 
detected. 

Analysis of DNA from labial and cerebral tumors 
DNAs extracted from 34 cerebral tumors and 

35 labial tumors (Table 2) were probed to HSV- 
1 DNA BglII I fragment by Southern blot hyb- 
ridization. DNAs from eight cerebral tumors and 
eight labial tumors were hybridized also to HSV- 
1 DNA fragments BamHI J, E, M and to HSV-2 
DNA fragment BglII N which cross-hybridizes 
with the corresponding region of HSV-1 DNA. 
Other 16 labial tumors were tested with a HSV- 
2 BglII N probe. All these experiments yielded 
negative results. 

Table 2. TiJsueJ analrJed,fi/r the presence oj. HS[-I DA\:1 sequeweJ 

Crrchral tisaurs 

Diagnosis 
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DISCUSSION 
Frenkel et al. [7] detected HSV-2 DNA in an 

invasive cervical carcinoma. Attempts to repeat 
this result have been unsuccessful [23-251, prob- 
ably because the complexity of the whole virus 
DNA probe is so great that persistence of a small 
portion of the genome would not be detected in 
such experiments. Recently more uniform results 
were obtained when the DNAs extracted from cer- 
vical dysplasias and carcinomas were subjected to 
Southern blot analysis and hybridized to specific 
fragments of viral DNA. Several authors detected 
sequences homologous to fragments of the HSV-2 
genome: in 3 out of 9 [8], in 1 out of 8 [9] and in 
2 out of 13 cervical cancers [lo]. However these 
studies were affected by the limitation of the small 
number of tumors analysed and in some cases by 
the lack of adequate controls. 

In the high stringency conditions employed in 
this study (65” C in 30% Formamide), 6 out of 
64 vulvar and cervical neoplasias had sequences 
homologous to BglII N fragment, whereas none 
of the 25 normal tissues, which were often obtained 
from areas surrounding the neoplastic tissue, was 
positive. 

The fact that sequences homologous to only a 
part of BglII N fragment are present in these 
tumors could be in agreement with the data 
obtained by Galloway et al. [26] who succeeded in 
transforming rodent cell cultures in vitro with a 
portion of BglII N of 737 base pairs. More infor- 
mation on the state of the sequences homologous 
to BglII N will be obtained only by cloning the 
DNA sequences homologous to HSV with the 
flanking cellular sequences. 

Few studies focused on the possible association 
between HSV-1 and ‘human tumors. In the past 
[21] we looked for HSV-1 DNA in human labial 
tumors by Southern hybridization technique. None 
of the tumors tested showed sequences homologous 
to HSV-1 DNA sequences, but the analysis 
employed the whole viral genome as probe and the 
technique could not evidence less than 0.5 copies 
of the viral genome per diploid cell genome. In the 
present study we analysed both labial and cerebral 

tumors with a detection level of 0.1 copies of HSV 
DNA fragments per diploid cell genome, obtaining 
negative results. However these data are not yet 
definitive; more precise considerations will be poss- 
ible only when DNAs from these and other tumors 
are tested with all the HSV DNA fragments (work 

in progress). Since HSV harbors in neurons in a 
latent state [27], special attention needs to be given 
to tumors specific of neuronal cells. 

The data presented in this paper suggest that 
the relationship between genital tumors and HSV 
is not casual. This observation is supported by the 
presence of HSV DNA sequences in vulvar and in 
cervical neoplasias, but not in tumors arisen in 
anatomical sites often infected by HSV (such as 
brain and lip). The low incidence of genital tumors 
containing sequences homologous to BglII N 
(9.4%) can be explained by the following con- 
siderations: (i) the high stringency conditions of 
hybridization employed. (ii) HSV-2 fragments 
other than BglII N could be present. (iii) Since in 
the DNAs of the two HSV types are present regions 
of detectably lower homology [28], also HSV-1 
should be considered as a factor in the genital 
tumor oncogenesis; in fact in our region about 
40% of HSV isolated from the female genital tract 
are characterized as HSV-1 (E. Cassai, unpub- 
lished observations). (iv) The “hit and run” 
hypothesis [8] could account for the absence of 
viral sequences in most tumors. Alternatively, 
HSVs could interact synergistically with other init- 
iating or promoting factors involved in multistep 
carcinogenesis [29]. About this last point, attention 
should be given to Human Papillomaviruses, 
especially types 11, 16 and 18, which DNAs are 
found associated to human genital neoplasias [30]. 
It was shown that Papillomavirus infection is not 
sufficient to induce tumor formation and that 
tumor growth requires the synergistic action of 
cocarcinogenetic factors [31]; the synergism 
between HSV and Papillomaviruses could be a 
condition for genital tumor development. For this 
purpose both HSV and Human Papillomavirus 
footprints should be searched in the same patho- 
logical sample. 
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