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Svra and biopsies of cervical lesions fram 55 wormen
with benign or malignant disease were analyzed for
evidence of infection with herpes simplex virus type 2
(HSY-2) or human papilloamavirus (HPY), In addition,
information regarding known risk factors for cervical
cancer was obtained by interview. The sera were
tested for HSY-Q antibodies and the biopsies were
tested for HPY or HSY DMA sequences by Southern
blot hybridization, H5Y-2 sequences were detected in
213 (15%) invasive neaplasms and in 112 (7%) benign
lesions, Under non-stringent conditions of hybridiza-
tion, reactions with HPY DNA were detected in biop-
sies of 207 {12%) inflammatory lesions, &12 {50%)
intraepithelial neoplasrms and 13720 (65%) invasive neo.
plasms, All but one of the paositive biopsies of invasive
cancer, but only 4/11 biopsies of non-invasive lesions,
contained HPV-16 DMA as determined by stringent
hybridization conditions. Women with cervical cancer
possessed the risl factors associated with the disease.
Cigarette smoking and the presence of HPY-16 DMNA
were the most prominent risk factors. Mo evidence of
an interaction betwesn HSY-1 and HPY-1& was found
armoeng the cases of invasive cervical cancer,

Epidemiological  swidics have  demonstrated  that
wormen whoese sexual behavior is conducive 1o acqui-
sition of venercul infections are ot increased risk of
developing cervical cancer {reviewed by Rotkin, [973;
FKessler, 1976}, Herpes simplex viras type 2 (H5V-2),
a wvenercally transmitted agent, has been incriminated
as i possible cause of cervical cancer an the basis of a
greater ogeurrence of antibodies o HSV-2 among
women with cervical cancer than among  control
wonnen (reviewed by Rawls and Campione-Picearde,
9813, In addition, H5V-2 is capable of transforming
cells i vivea (reviewed by Hoywurd and Roves, 1983)
and there is indirect evidence suggesting that HSV2
genatic information may be expressed in cancer cells
m some cases of cervical cancer (Gupta ei af., 19811

Recently, human papilloma viens (HPV) has becn
suggested as a risk factor for invasive corvical cancer
Ceur Havsen, 19771 This hypothesis derfves [rom sev-
eral lines of evidence. Several animal papillomaviruses
are oncogenic and HPY may have cncogenie potentis]
rovigws (l by Plister, [984). Certain types. of HPY
infegt the cervix, producing flat condylomata or Roi-
locyiotic alypin which resemible mild or mederate dys-
plasia (CIN T and 11 (Meisels, (9810 Inaddition, HPY
structural antigens have been demoenstrated inoall grades
of cervical dysplasia including carcinoma dm s and
HPY DMNA has been found in prencoplastic cervical
lesions (Guillet ef af.. 1983 Crum er of., [983; Fu of
al 1983 Korman o af . 1983 Walker or af., 1983
Lachow eral. 1982 Green e all, 19820 Gissmann ef

1983 McCance o of, 1983; Durst er af . [983;
Lancaster er af. . 1983 Boshart et of . 1984). Several
nnportant questions remain in this hyvpothesis. A wide

variety of closely related types of HPY exist and pres-
ent serolosic methods cammot distinguish antibodies
directed  aguinst genital WPV from these  directed
Against wart virvses imfecting other parts of the body;
thus, case-contral sgroepidemiologic studies have nm
veb been possible. HPY antigens are found frequently

mild and moderate dysplasio but much less fre-
quently in severe dysplasia or carcinoma i i (Guil-
let e al, 1983; Crom o al., 1983 Fu er af,, 1983
Burman o of 1983 Walker er af., 1983, The rea-
gents wsed woassay these antigens are broadly group-
reaclive, and tests sereendng lor viral antigens are
inscnsitive indicators of infection, Most recently, 4
HI'Y types have been identificd as specifically infec-
ing the genital tract (HPY wepes 6, 1L 16 and 18)
(Boshart er gf,. 19841, Durst and cooworkers (1983
have cloned HPY-16 DINA from a cervical carcinoma
anc detected sequences related o HPV-18 DNA inou
large proportion of cervical cancer cases.

Cervical cancer appeurs to cluster in Latin America,
[n the Republic of Panama, invasive cervical cancer
accounts fur one-thind of all diagnosed Temale malig-
nancies and he average annual incidence in women
betecen 30-53 vears of age excesds 11000 (Reeves
et al.. 1982}, Because co wlull CANCCr I8 %0 commaon in
Panama, the Natonal Oncology Institute routinely
eviluates large numbers of paticnts with sl degrees of
cervical disease, The intemt of this stady was 10 com-
pare epidemiolosic Tactors clucidated by interview and
anti-HEY-2 antibody, HEV -2 sequences and HPV-16
PNA sequences In \:l]'l'lj".l_‘\ abtained Trom women with
premyvasive and invasive cervical neoplasio and with
non-neaplastic cervical lesions,

MATERLAL AN METIODS

Putienr samiples

Biopsy specimens were collected [rom women re-
ferred o the Gynecologie Oncoloey Clinic of the Pan
ana Mational Oncology Instiowe Tor evaluation of
possible cervical cancer, Sixty -four volunteer patients
were studicd with o view o sampling approximately
eiqual munbers in 3 categories of stolowically con
Firemed discase: non !‘u_i‘r|‘.|| 1stic lesions (22 women with
cervicitis, hyperplasia or metaplasia), preinvasive neo-
plasia (15 patients with CIN 1, 11 or ) and invasive
cervical carcinema (21 subjects with stage Ih or more
advanced disease). In addition, 6 women thought o
have cervicitis or CIN were found 10 hove condylo-
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mratols dysplasia, flat condyloma or koilocytstic atvpia
when their biopsy specimens were examined histolog-
wally, and these women were considered separately.
Fifty-five biopsy specimens were satisfactority pro-
cessed; the specimens which were not salislaciorily
processed were from 3 non-neoplastic, 3 preinvasive
ard 1 invasive cervical lesions.

After giving informed consent, pdiiL]‘lt‘; underwent a
standard gyoecologic examination in which colposcop
wally directed biopsies were taken Tor hstiopathology
and virology studies. A standard interview using @
gquestionnaire designed to quantily sexual and olbaer
risk fuctors was also administered. Biopsies intended
for virckoeic studies were snap-frozen in liquid nitro-
pen for transportation 1o the Gorgas Memorial Labo-
ratory where they were subsequently stored at =707

until shipment on dry ice o MoeMaster University.
chﬁpﬂlth fior |'|.1'1h:'3|:‘|¢t[h0|,(:ab_ll,, Saarmanaiion were freated

by routing methods and evaloated by the patholosy
statt of the Panama National Oncology Instiute, Ten
ml of venous blood were obtained from cach paticnt
and serum was stored st -20°C antil assaved for
antiboadics at MeMaster University where all material
was sent under code, festing being done without
krnomwledee of the palients” diagnoses,

Processing of DNA feom Biopsios

The Frocen samples were thawed, washed with phos-
phate-buffered saline (PBS) and resuspended in g small
volume of Hhmm Tris-HCL pu 2.5, 150ms NaCl, 2mw

Ma; EDTA. The specimens wers minced tharcaghly
wilh seissors and digested for 24 hroat 3770 with

Pronase or Proteimase K at a concentration of 5000 pe!
ml, in the presence of 1% (w/v) sodivmn dodecyl sal-
phate {S125). Following 2 extractions with re-distilled
phenal saturated with [0ms Tris-HCT pa 8.0, 1msa
May EDTA, the agueoos phases were pooled and ex
tracted twice with anhvdrous ethyl ether. Nucleie acuds
were then precipitated from solution at —20°0 by
addition of two volumes of 95% ethanol in the pres-
ence of 036 sodium acetate, {x_liLlc{i (15,0600 g for 15
min at 47C), ringed briefly with 953% ethanol, drained
thoroughly and re-dissolvéel in SOmu Tris-HCE pH 7.5,
[hmm Walll and Zimm Nao BEIDVTA. This solution was
incithated first for 2Zhe at 37°C 10 the preseoce of 30
pfml BMase A (from bovine pancreas) and then for
24 hrowith OO wgdml pronase or proteinase K. Phenol
cxtraction, ether extraction and ethanol precipitation
were repedted and the DNA peller was dissolved in
Hhmsa Tris-HOD pr 7.5, bmst Nag EIVTA (TE bulfer),

The concenmration of BINA was determined by opri-
cal density (0D a0 260 nm, Complete digestion ol
cach sample was obtained with 1 ounit of restrietion
codonuckease Eco RI per pg of DNA in a reaction
muxture contaming Shos Tris-HCL pn 7.5, 1Wmwm
WaCly, Sms NMaCl, Imma dithiothreitol (Cleband s
Reagent; DTT), lmm spermidine and 104 gedfml no-
clease-Tree bovine serum albumin (B5A), for al least
Shroat 37°C. Phenol extraction, ether extraction and
cthanol precipitation were again repeated and the re-
sulting DNA pellet was dissolved in TE butfer at a
concentration of 0.5 1 me/ml. Gel clectrophoresis on
19 {wiv) agarose gels was performed using 40-l (20
el ahiguots of the digested DNA sample. In-;:lmlc:-;l in
cach gel was o positive cootrol consisting of 0.3 ge-
nome cguivalents of HSY-2 DNA which had been
digested with EcoRI and Bglll. Following electropho-

resis, the pels were stained with 1 ga/ml cthidinm
bromide for ultraviolet visvalization. The transfer of
[¥NA from the gels w pitrocellulose membranes was
accomplished by the Southern blotting method {South-
arn, 1975 as mocdified by Wahl et @l (19791 Alter
transler was completed, the nitrocellilose membranes
were Tinsed briefly in 03w sodium chloride, 0003w
soudium citrate pi 7.0 (double strength 88C), baked for
2 b oat B0°C and individually sealed in plastic bags for
storage a1 470,

DNA probes

Eecombinant plasmids containing each of the HSW-

2 DNA fragments were labelied in witrn with 2p.
ulf TP by nick l.r.zrnialn_m b specific activities of ap
proximately 1 » 108 meu:g DMNA (Maniatis er al.,
1975, The presence of HSV-2 sequences in the I:uup-
sics was assessed by osing the following cloned Bglll
fragments of HSW-2 DNA as hybridization probes:
(0C32-0.38 mu [map units]; L0 85094 mu); N ((.538-
.62 mu)y © (035041 muop and P OOCT0019 mu).
The choice of these fragments was based on prelimi-
nary results obained when DNA from # biopsies of
invasive cervical cancer woere cach probed with cloncd
HISY DMNA frapgments representing the colire genome
except for regions between O [3-00 18 and 0.72-(k8Y
nwa. Only two biopsies were found clearly positive for
sequences hybridizing to the Belll 1 and O (1 speci-
men or Belll Loand P {1 specimen) fragments of HSY-
2. Two additional biopsies appearcd positive for se-
quences homologous 1o the Bglll M ofragment: how-
ever, due fo background problems the resualts wers not
convincing, Mevertheless, the Hglll N fragment wus
imcluced  among  the probes used in the present
sUTELning,

A recombinant plasmid containing human papitlo-
mavirus lype 16 (HPV-16) DINA was kdly provided
by Dr. L. Gissmann (Deutsches Krebsforschung Zen
LrurT., Hr_:idul,bur_gj_ The HPY DDMNA was isolated trom
the plasmid and labelled by digestion with exonuclease
LT () unitsipg ]'JNJ‘-L] For &0 min al 377C and then
]nLub&lLd with £ celi DNA pui}-m-\mw 1 in the pres
ence of *P-dGTP alone or in combination with *P-
dTTP. The specific activity n;’ the HPV-16 probes was
hetween § % 107 and 1 = 0P cpmiup DNA.
Hubridization reactions
 Hybridizations with the HSV-2 probes were por-
tormed essentiolly as deseribed by Wahl e af, {19749)
The nitrocellulose filters were first incubated in proe-
hvbridization bufter [50% (v detonized Tormamide,
S-fold 55C, 5-fald Denbardi’s repgent, (0.1% (wiv)
Ficoll, 1% {wiv) polyvinylpyrrolidinone (VP
UL (wdv) BSAY, 200 pefml sonicated and denatured
DMNA from salmon testes (tvpe T, 50ms Tris-HC
pH TS5, 0% {(wivd dextran sulphate] for 4 broat 42°C,
then in bybridization bufler [50% deionized formam
ide. 5-Told S8C, 2-fold Denhardt's reagent, 200 peiml
sonicated and denstured DMNA from salmon testes,
20t Tris-HCL paa 7.5, 109 (w/v) dextran sulphate]
comtaining heat-denatured HSY-2 probe (2 x 10° cpm
ml) for 1824 br. The membrane was then washed
gently 3 times with double strength S5C, 0015 (wiv)
SD5 (5 minfwash) al room emperature. Another 6-8
wiashes were done in the same buffer at 83°C (1 hr!
wiash) after which 3 final washes wers done in 00, 1-fuld
S3C, L% (wiv) SDS. al room temperatuye (5-10
mindwash). The membrane was then dried at 379 and
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cxrposed to XREP-1 X-ray (loe in oan mtensifier scoeen
for 10-14 days ar — 705,

For HPV-16, the nitrocellulose filiers were prehy-
bridized at 42°C for al least 4 br in 2 solution contain-
ing 50 mna Tris HCL pre 7.5, 5-fold Denhardt’s solution,
S-fold 88C. 20% formamide and (0.3 mgfml of veast
[N A, H}hr]d]m!mn was carried out at 42°C for 2.3
days with “P-labelled HPV-16 DNA (2 x 0P cpm!
cin’ nitrevellulose) in 20 mae Tris HCL pa 7.5, 2-fold
Denhardl’s solution, S-fold S5C, 20% formamide and
O 0 mgiml yeast 1IRNA, The filters were then washed
3 times with 2-fold S5C containing 0.1 SDS ar 42°C
tnom-stringent), axposed modstat - T0C w Xoray ilm
using intensifier screen for 1 to 5 davs, rewashed S
tumes at 63°C with 2-fold S5C containing 0.1% SDS
estringent) and caposed again for 2-10 days, Auoradi-
ngraphs were assessed independently by 5 observers
and those samples considered positive by st least 4
abserviers were taken as indicative of the presence ol
viral DNA sequences. The specimens were analyzed
in batches of 9 and the est for e presence of HSY-2
DMA was considered satisfactory if the HSV DNA
control included in the west of that batch was positive.
Satisfactory hybridizutions (as judged by posilive re-
action between pmh-. and viral DMNA) were porformed
on 33%, 47%, 32% and 16% of specimens probed
wilh HSV-2 Hgll[ fragments J, L, M, O and P, respec-
tively.,  The group ol specimens  probed  with
Bl T eomprised all of the samples sereened with the
other probes.

Antihedios o HEV.2

Antiboclies 1o HSWV-1 and HSV 2 were assayed by a
micronetzalization test using KOS strain of HSY -1
and 333 strain of HSV-2 (Rawls et af.. 1980). For each
serum the titres of antibocies 1o the 2 virus types were
determined and the antibody aotivity was exprassed s
a Il T index. 107 indices of 85 or more were considered
positive for antibodies w HSV-2 (Bawls or af . 9700

Staristical anedvsis

Differences in prt_l-[:lu-rllmml distributions were tested
For significance using the = test, Comparison of risk
attributes for neoplasia was done by computing relative
nsk (Lilicnfeld ef af. . 1967),

RESLITTS
flevpes simplex virs nope 2
Fvidence of herpes simplex virus infection was
sought by assaving sera for HSV-2 antibodies and by
probing DNA extracted rom tissues For HSY-2 DINA
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Frovre | Autoradiographs of Southern blot by brideeation
reactions of DNA cxgacted from Diopsies, digested wilk
Feokland probed with “1-labelled Belll T iagment of 115
2 DA dy o HPY-16 DINA (. The conditions ol hvhridi-
aation with FISY-2 and HPW- 16 (non-siringent) are given in
“Marcrial and Methods.™ T gel AL lane 1 containesd contril

HEV-2 DMA of (L3 genomes cguivelents while Tane 2 con-
Laned IINA from an invasive cancer amd lane 3 containod

B A Arom & chrome cervicibis case. Inogel B, lanes 1 and 2
comntained DNA from metaplastic condylomatous lesions, re-
spectively, whils Tanes 304 and 3 contained DNA from in-
WEEIVE CRIOCTE, ATTOWS Oing oo minar bamds,

sequences using Southern blot hybridizstion. Serolog-
ical evidence of HEV-2 infections was found in 176
(U750 paticnts with cervical condylomma and 2007 (12%)
paticnts with non-neoplastic cervical lesions (Tahle 1,
An even higher rate of HSV-2 antibodies was found
ameng women with intracpithelial neoplasia (23%)
and women with invasive cancer had the highest rate
(42 %),

H3V-2 sequences were detected by hybridization in
DA extracted from 3 specimens, 2 of which are
Mustrated in Figure la. The posttive sanples all re-
acted with Balll fragment 1 only, One positive sample
wits obtained from o blopsy of chronie cervicits, and
seram fromm s patient did not contain H3V-2 antibod-
s, Two biopsics from advanced invasive cancers were
also positive for HEV-2 sequences (Table 1), Serum
fromm ome of these patients contained HSV-2 antibodies
while serum from the other patient did not
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The presence of HPY sequences of 1ypes other than
HEW-16 were detected by hybridizing under non-strin-
genl conditions while reactions occurring under strin-
gent conditions of  hybridization  were considered
positive for HPV-16, The distribution of HPY se-
quences in biopsics obtained from the patients is shown
in Table I. HPV sequences were found in 406 (67%)
condylomatous lesions. The occurrence of specimens
containing HPY DNA ncreased from (2% among
non-neoplastic lesions to 30% among CIN lesions and
B5% of invasive cancer, The occurrence of sequences
appoared  higher for clinical stage T oand [ disease
(PR than Tor muore advaneed discase (55%) how-
ever, this difference is not statstically sagnilicant.

Che of Tour (25% ) condylomatous lesions which had
HPY DNA detected by the non-siringent assay had
HPY-16 DMNAL Within other diagnosiic calesorics Lhe
ratio of HPV-16 DNA detected by stringent hybridi-
cation 1 HPY DMNA defined under non-stringem con-
ditions increased significantly with Increasing severity
of the disease. Meither of the 2 women with non-
neaplastic disease and HPY DNA had HFV- 16 ax com-
parcd to 36 (309% ) women with CIN, 757 (1005 with
stagze 1 or II invasive cervieal cancer and 306 (83%)
Faticnes with staze D or 1Y disease,

Varialion was obscrved in the patterns of HPV-DINA
detectad by hybridization of the Ecoll-digested DINA
from biopsics (Fiz. LA The HPV-10 penome wsed a8
probe bas 2 EcoRI sites and digested circular genoms
should produce 2 fragments of abour &935 and 0066
kilobase pairs. Patterns containing bands of unit length
HPV-16 genome or over {exemplified by lanes 1 and
L in Fig. 1) were most commonly observed in biop-
sies of non-invasive lesions. Patterns containing mul-
liple Bands, some of which were less than unit lengih
(Mlustratecd by lanes 3-5 in Fig. Ib) were commaonly
observed in hiopsies of invasive cancers, Mone of the
samples positive lor HSV-2 sequences were positive
for HPY scquences,

Epiddemicdogie risd factons

Although not designed as a case-control study, risk
actors determined by interview were found 1o be con-
sistent with reports of others. This s illustrated in
Tuble I where the percentages of women with the risk
Cactors are shown, For comparative purgoses, e rel-
ative risks of discase assoclated with the visk [actors

are also shown, Although of comparable ages, the
eroup of women with CIN were less edocared. had had
firse coits a1 carlier ages, were more likely o smoks
and had a preater occurrence of anti-HSV-2 amibodies
and HPV-DNA sequences than women with non-nea-
plastic lesions. Howewver, with the numbers studied,
only the greater occurrence of HPV-DNA sequences
was stutistically significant. Women with cervical can
cer were older (464110 yrs) than women with non-
neoplastic lesions (33,0499 vrs) and had sipnifican
cxeesses of all the visk factors {excep edwcarion). As
shown in Table 1, the differences in ciparete smoking
and HPV-DMNA sequences were highly significant,
Differcoces n the number ol pregnancies are nol
shown in the Table. Four or more pregnancies had
Been expericnecd by 29% of women with non-neoplas-
tic lesions, 58% of women with CIN and B9%% of
wonnen with cervical cancer. The differences in parity
were statistically significant.

The distribution of viral markers in relation to risk
factors 15 shown in Tahle 1. Since the numbers were
sptall, patients with condylomatows lesions were in-
cluded with the non-neoplastic group and the patients
with CIM were pooled with the women with cervical
cancer, Anti-HSWV-2 antibodies were significantly as
sociated with multiple sex parners (for entire sample
325 with one partner and 1329 with more than ong
partner; £ < (L0530 This was observed for women
both with and without neoplastic lesions of the cervix
iTable 110y, The presence of HPV-IINA was unrelated
o sexual partner munbers among women with non-
neoplastic lesions while among waormen with neoplastic
lesions 6% wilh one partner were positive and 68%
with mualtiple sex pariners were positive. Early age a
[irst cofus was associated with higher percemages of
posilivity for both viruses except for anti-HSY -2 ant
bodics among women with non-neoplastic lesions
where only 3523 were infected (Table ). HPW-1MNA
sequences were found more commonly among non-
smokers than amoens smekers: however, only one of
the women without neoplastic lesions smoked. There
wils no relation hetween the presence of anfi-HSY-2
antibodics and HPV-DIMNA sequences,

LSO LUSSI0N

Frenkel e all (1972) were the firs (o report HSV-2
DMA in cervical cancer tissue. This specimen con-

'J'J_T-H-[.F. 10 - DESTRIBUTION 01 BISK PACTORS

Fercenl of pronps' with risk Genr

Rizk [aoqurs
M neapiasric

Primisry education 53
or less

Eirst coitus before 24
TE wears ol age

Ty F TS §EX 41
pactners in lfetime

Smicked crmarenes 0

Anmi-HEY -2 1z
artlablicy

HPY-DMA sequences I3

LM

Rl rsk” fon

I Cervical

waneer

75 2.7 2.7
a5 33 1.5°
7a 0.7 4.3
i 3.2 16.4¥
4z 18 3igs
N 7.5 13494

[P = . p - } n .
Grougs comassled o 1T paticnis wuh von-neoplstic lesions, 12 paticnly with CIM amd 200 paticnns watl
3o 1 aml 260+ TE) yrs, respoctively. Dt for all risk

devaation of (he groups wene 3506 04 49,
HEN-2 antibesly determination in the cervical

i ancer group. - Helative risk of discase assocmied wich risk Paciors o
f&'.'h:-l’slullllll'._l' wien wilh mon-ncoplistic lesions as the contral group Milererces in di
O -"Diffesence i distribotion of risk Factor statetically sipnificanc g < 001

ical cancer. The rmeans {+ stundard
1 arvinilable cucepr for o siele ani
el w ulalexl wsing the diseributamg of the
ribtion ol sk fagctor siatistically sinilicans; p < 005 =

ACTO S




HEY-2 AMD HPY-16 M CERVICAL CANCER 35

TABLE DL - DISTRIGBUTIGN OF YIRS MARKERS 1M BELA TIOMN T KISE FACTORS

HIPW-IM A siguenees Anb-HEV-2 anilxsl e

Risk Fagqes ; —;
1§14 Meoplastic Men-nenplastg Mol
Sex partner [number)

L 3h2 5% (1% £6% 0z D% 13 23%
=2 31 27% 130014 o 5 KRN 215 118 A
Agre at Qirst cotbus
=17 wrs 45101 b LEe BA % 1510 [k 94T 3%
= 18 wrs 2413 15% Hild a7 243 155 4715 1%
Smoking
Yes 0 - a2 424 11 4i11 6%
i G222 T 1402 Lk ¢ 222 U Q2 454
Ani-HEV -2 antibody
Yes 143 813 B2 %

Ma 320 25% LI TS Bl

I Nan-ncophistic
with CIN and cery

L canzer.

natients incleded those shown in Table [ plus patcors witl comdylomaons lesions of the cereis, -1 teopliate paienls mcluded Hhose

Busualts i prasenied us romber positive‘number tesped amd then % paositaee

of viral INA were presest per diploid cell. Using
similar methods, others were unable w confirm this
observation in o looited oumber of samples. More
recently, DA fTom invasive cervical cancer tissug has
been examined for HSV-2 DNA sequences by South-
ern Blot hybridization using detined fragments of viral
DMA as probes. Three of nine lumors were reported
o contain viral IXNA sequences in ong report [ Galleo-
wity e al. 1983} while 178 tumors was positive for
HEW-2 sequences in another study (Park e af, 983,
Our observation of 2003 samples wath HSV-2 DNA
sciuences is in agreament with these reports, althoush
our estimates of posiovaty may be low due o the
number of wsts excluded from analysis because of lack
ol positive hvbridization with contral HSV-2 DNA
(0.3 genome equivalenty, Park ef af. (1982) found no
HEV-2 sequences in DNA [rom normal cervices, ho
man fetal tissue or ovarian cancer, using conditions
similar o those emnployed 10 deteet viral sequences in
cervical cancer DMNA, However, 1712 samples frinm an
inflarmmatory Tesion of the corvis was found positive
i our study and the occurrence of HEW-2 [INA se-
quences TN cancer fssues was ool signilicantly differ-
ent from that of the control samples o the small
ke s fesiod

Several transforming regions of HSV-1 and HEV-2
genomes have been defined by In virs experiments
(Mayward ef af . 19831, For HEV- 1, DNA located w
031041 map units (mu) has been associated with
transfornution while, for HSY -2, DNA a1 042-0.58
and a1 0.58-0062 mu can transtorm cells foowiten, OF
the cancer specimens found to contain TS sequences,
all have reactod with probes representing at least one
of these regions, The specimen reported by Park et .
CL9R 3 reacted with o probe represeming between 055
ancl (LG 1nw and 2 of the positive samples reported by
Galloway and MeDougall {19830 also reacted with
probes from this genome region. These laner invest-
sators also found positive reactions with probes rep-
resenting  between (032 and 040 mu which s
compatible with the reactions we observed using the
Belll T fragment ((L32-0038 mu). These consisten
findings supgest a unigque interaction between these
regions ol the viral geoomes and cells which could
contribute to the neoplastie process, Flowever, further
investigation will e needed before the signilicunce of
the presence of these viral sequences s known,

tained 39% of the viral genome and aboul 3.5 copies

A murnber of HEW tvpes have been delineated by the
refatedness of their genomes as determined by DMNA-
DNA bvbeidization (reviewed by Plster, 19843, Dif-
ferent HPY types have heen associsted with certaih
body sites ol infection and with the nature of lesions
procieed, HPY types 60 1L 16 and 18 commonly
nfect the genital tract (Boshare of ol ) 19543 Flat warts
of e ulerine corvix may contain cvtological abnoe-
mialities considered 1w represent mtracpithelial neopla-
sin (Muetsels. [9810 and it has heen areued on
histelogical grounds that invasive cervical cancer rop-
resents o progression of subelinical papillomaviogs in-
fection (Reid e oaf., 19%4). Inclesd. o number of
investizators have found HPYV-DNA in DNA extracted
from intracpithelial neoplastic lesions (Zachow ef af
1983: Gireen er pf,, [982 Gissmann e of . 1983:
MeCanee o0 af,. 1983 Durst ef ol [983: Lancaster e
el 193, Tnthe present study we found HEY DINA
sequences, as detected ander nonestringent conditions
of hybridization, ina large proportion of bopsics from
condy lomatous lesions. This finding is in keeping with
reports of others (Lancaster of af . 1983 Boshart ex
e, 1984 Gissmann e af., 19820 Crum er of,, [984).
We also found HPY DINACin intraepithelial neoplastic
lesions of the corvin and the incidence (50% ) was
stmilar o that reported by others. We found 68% of
the biopsies from Invasive cervical cancers positive fur
HPVY-DNA scquences, inagrecoent seith the observi-
tioms of Duest e af L (1983 who Tound 5395 hiup;-;i:_:_l,
positive using the some BPV-16 probe and similar
relaned hybridization conditions, In our study all bt
one of the positive Baopsics from cervical cuncer cases
contained HPY-16 as delined by reaction under strin
sent comnditions of hybridization. This cccurrence was
sigmificantly greater than in the 4711 biopsies of other
lesions which contained HPY sequences. These fimd-
ings suggest that the DNA sequences in the HPV- 16
probe correlate with invasive neoplasio and are com-
patible with the concept that o subset of subelinical
papillomavirus infections cansed by HPV-16 may be
those that progress o imvasive cancer {Crum ef af.
[958,

The double-stranded DNA nolecules of the pagil-
fomut viroses are wsually found I circelar superheli-
cal form with hoth strands of DINA covalemtly closed
or ina circular relaxed form resulting rons one single-
strand nick. A linear form resulting from s double-
strane break is rarely detected in IXNA extracted from
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virus purticles althowgh such linear forms can be cre-
ated by endonuclease digestion restricted 10 a sinole
site. Miral DNA extracted from benign proliterative
lestons has generzlly been fond
these three forms, an ohservation supporting the con-
cepl thul the viral DNA normally exisls as an episome
trevicwed by Plister, 19840 We also found viral DNA
bands thowght o represent a form of unit length DNA
i extracts ol most benign lesions. However, hetero-
gencous bands, in terms of siee and intensity, were
abserved inomany specimens obtained from invisive
cancers, Similar Nndings have been noted by others,
For example. heterogencity of HPV-0 DNA molecules

was noted i 255 samples of locally invasive Buschke-
Lowenstlein tumors (Gissmann ef el 982}, Recontly,

heteropeneity of HPWV-T8 DNA molecules i cervicul
cancer tssie was also reported by Boshart ef af. {19845,
While there are a number of possible explanations for
the presence in the lissues of HEV-DINA molecules
larger o smaller than expected for circular episomal
A ol the HPW tvpe used for their detection, further
imvestigations will be reguired 1o clarily the sipnifi-
cance of these abservations.

Eridemiclogical studics have defined carly ape o
first intercourse, awliiple sex partners, ani-H5Y-2
antibodics and smokmg as pivotal visk facters (Botkin,
[973; Kessler, 1976; Rawls and Campione-Piecardo,
981 Winkelsein e of. 149840 Since our sudy was
not cesigned as o case-control study, caution must be
cxercised ininterpreting owr observations regarding
risk factors and thelr interactions. Further cavtion i

m oonge or more of

reqiringd because of the small numbers tested. How

ever, comparison with women harboring non-neoplas-
tic lesions of the vervis reveuled thit the women with
oeoalastic lesions had risk Bactors consistent with their
disvase, Sienificant relative risk of Invasive cervical
caneer was associated wirth fiest coites helore 18 years
of age (rr = 4.5}, more than 1 sex pariner (re = 4.3),
anti-HSY -2 anubodies (v = 5.5 the presence of
HEV-1G DDNA sequences (r = 139 and clgaretie
stwking (10 = 16), The occurrence of anti-HSY-2
amitodics and HPY-DNA scquences appeared 1o be
related o early age al (rst coitus and multiple sex

partners, The prosence of HPV-DNA sequences was
merre (reguent among non-smokers than among smaok

ers. Mo correlation was observed between ant-HSY .2
antibodics and HPV-DNA scouences. The fndings
sugzest multiple etiologics rather than synergism be-
twcen these factors as postulated by cur Hausen (1982,
Heovweever, hecagse o the small nenmbers stedied and
because of the mature of the women used for controls
upon which o evaloate risk factors, no conclesions
van be drawn ahout the possible contributions of the
various faclors 1o the genesis of neoplastic lesions.
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