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Cervical cancer i5 an extremely common disease, Its natural history has begn well de-
seribed, and individoal risk factors have been defined. [0 is clear from the epidemiologic
evidence that cervival cancer has a muliifacterial etiology involving infection with sexu
ally transmitted apents such as genital papillomaviruses and cofacions such as pregnancy,
sinoking, use of hormenal contraceptives, and dict, The evidence implicating papillomavi-
rias a5 an eticlogic agent of cervical cancer has come from a variety of ebhservational labo-
ratory studies. Gendtal papillomaviruses induce dysplastic lesions. Most invasive cervical
cansers contain papillomavirus DNA, as do cell lines derived from cervical cancers. ¥iral
DMA appedars o be nteprated imo cellular DINA, and integration invalves highly con-
served, transcriptionally active regions of the viral DNA.

O a global basis cervical cancer 18 an extremely im-
porlant preventable disease. It s estimated that
~A00,000 women worldwide develop cervical can-
cer yearly; cervical cancer ranks second only 1o breast
cancer as a documented cause of death from cancer
inwoimen [1]. Sguamaous cancers of 1the ulering cer
vix appear o evolve from mild to severe cervical in-
traspithelial neoplasia (CINY and then to invasive dis-
ease over g variahly prolonged period. Because ol
this local progression over time and because the cer-
vix is readily sampled ovtologically, cervical cancer
15 amenahble (o secondary prevention by screening
and early treatrnent, Cervical evtalogy sereening pro-
erams and other Fetors are believed 1o have lowered
the mnerdence of invasive cervical cancer, particularly
in Merth America and Western Europe. Yet even in
low-tisk areas, the prevalence of cervical cancer re-
mains high in certain population groups, including
primarily lower socioeconomic classes, blacks, and
Hispanics [1].

Individual risk factors for cervical cancer are well
Enown, and models deseribing their inderactions ul-
timately must be applicd 10 successful control pro-
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grams are 1o be wonplemented. Key risk factors for
bath CIN and invasive cancer are related 10 socioceo-
nomic variahles, sexual behavior, infection with sex-
wally transmitted agents, smoking, digt, reproduc-
tive history, and use of hormonal contraceptives.
Human genital papillomaviruses (HPVs) are cur-
ently regarded as the most likely sesually transmil -
ted agents involved in cervical oncogenesis, However,
the mechanisms by which HPY infection and be-
havioral and ather risk factors interact in the natu-
il history of cervical cancer bave nol been addressed
by well-designed population-based studies,

Our intent in this review 1% o cvaloate carrent
knowledge concerning risk factors for cervical can-
cer, with special emphasis on possible interactions.
A major portion of the review will be devoted 1o a
discussion of dara associating HPVs with cervical
cancer—in particular, the passible molecular mech-
anisms ol associalion.

Incidence of Cervical Cancer in Different
Populations

Gengraphic Cecurrence

The incidence of cervieal cancer vares dramatically
throughout the world, Particularly high rates are
found in Latin America and the Canbbean, where
Panama, Jamaica, Colombia, Aruha, Brazil, Peru,
Mexico, Bl Salvador, and Costa Rica have docu-
mented annual incidences in excess of 20 cases per
100,000 women [2-6]. The risk of cervical cancer is
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also high in Hong Kong, Poona (India), Denmark,
Rumania, and Canada’s Northwest Territories [2].
It is not clear to what extent these geographic clusters
represent simple deficiencies in sereening-control
programs or other aspects of puhlic health care deliv-
ery, specific clusters of causal risk factors, orartifact.
It is important to define incidence in other parts of
Latin America as well as in Africa and Asia. Etio-
logic factors for cervical cancer mayv aperate differ-
ently and resule in differences in incidence in differ-
ent populations,

Age-Specific Incidence

The age-specific incidence of invasive cervical can-
cer differs significantly between populations with
high and low incidences, In low-incidence popula-
tions (age-adjusted rates, <1500, risk increases
beginning at ~20y and plateaus by 35-40 v, In high-
risk populations (age-adjusted rates, =25/ 100,000),
incidence increases rapidly between 200 v and 3% ¥
{with the annual incidence in this age range usually
=1/1,000 women) and does not plateau until ~50)-
55 w. Variations in the age-specific incidence of cer-
vical cancer likely reflect different tvpes of interac-
tions between risk factors,

Risk Factors for Cervical Cancer
Female Sexual Activity

Asearly as 1842 Rigoni-Slern recognized the impor-
tance of sexual activity as a risk factor for cervical
cancer, noting that the discase occurs more fre-
quently among married than wnmarried women.
Early studies revealed that women who report more
than one sexual partner are at greater risk than ses-
vally monogamous women, and risk appears to in-
crease directly with the number of lifetime partners
[7]. In addition, women who have sexual relations
at an early age are at higher risk than either virging
or women whose sexual experiences begin later in
life [8, 91, Although few studies have attempted to
assess the independence of the effects of early age
at first intercourse and number of sexual partners,
both factors apparent by contribuie independently o
risk, and there is some evidence thar number of part-
ners mayv play a more important role [10]. This evi-
dence suggests thal exposure (o an agent transmitted
through multiple partners may be more significant
than periods of enhanced susceptibilily.

Male-Associated Risk Faclors

Although most studies have focused on the role of
female behavior in the etiology ol cervieal cancer,
recent studies suggest that male-associated factors
should also be considersed. Cervical and penile
cancers tend to cluster geographically [11-13], and
several studies have found that wives of men with
penile cancer have significantly elevated rates of cer-
vical cancer [14-16], One recent study showed a sig-
nificantly higher prevalence of papillomavirus-asso-
ciated preinvasive lesions in male sexual partners of
women with CIN than in male sexual partners of
wonmen selected as controls [17]. Further support for
a male-associated factor derives from a study in
which wives of men previously married to patients
with cervical cancer were found to have considera-
bly higher rates of cervical cancer than control wives
[18]. Finally, in studics comparing sexual histories
of husbands of cervical cancer patients with those
of control hushands, the former reported signifi-
cantly more sexual partners than the lateer [19-21]
and the former were more likely than the latier to
have had sexually transmitted discases, early sexual
expericnces, cxtramarital sexual relations, and visits
to prostitutes [20]. Indeed, patterns of male sexuoal
behavior may account Tor some of the features of
the epidemiology of cervical cancer, especially the
high incidence in Latin America [22].

Sexually Transmitted Diseases

Infection with herpes simplex virus trpe 20 Al-
though the relation of cervical cancer risk to sexual
behaviar has been recognized for many vears, at-
tempts to relate this association o an infectious agent
have only recently been made. [n the early 1970s, in-
terest centered on the relation of herpes simplex vi-
rus ype 2 (HSV-2) o cervical cancer risk, with
numerous case-control studies showing a siznifi-
cantly higher prevalence of antibody to HSV-2
among cases than among controls [23], Interpreta-
tion of these studies 1s complicated by cross-reactivity
between HSV-1 and HSV-2 and variabiliy in assays
between laboratories. [n addition, the case-control
approach could not resolve whether or not HSV-2
mfection preceded the development of cervical can-
cer, Although two prospective studies [24, 23]
provided evidence that HSV-2 predisposes to cervi-
cal abnormalities, neither was able 1o adjust for the
confounding elfects of sexual activity variables. The
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most informative prospective investigation suggested
no relation between HSV-2 and subseguent cervical
neoplasia among a cohort of women matched for
sexual activity [26]. However, this study utilized a
case-control design, and the possibility of over-
matching could have negated an effective risk. Al-
though FISV-2 infection covaries with cervical can-
cer risk, it scems most logical that seropositivity is
a surrogate for sexual activity [27].

Infection with HPVs  Current intercst concern-
ing risk factors for sexually transmitled cervical can-
cer centers on HPVy, Early epidemiologic support
for an association between HPVs and cervical neo-
plasia was provided by Franceschi et al., who found
that patients with genital warts were more likely to
have cervical dyskarvosizs than were women with
trichomoniasis or gonorrhea [28]. Use of new labo-
ratery methods defining papillomaviruses in future
epidemiologic studies should permit results that are
considerably more informative with regard to the in-
[uence of HPVs on the risk of cervical cancer. A
later section in this review will discuss HPVs as arisk
Factor.

{ther Risk Faciors

Smoking.  Recently, a variety of nonvenereal risk
factors for cervical cancer have been hypathesized,
including smoking, oral contraceptives, and diet.
Probably the best established of these associations
is smoking, which numercus studies have shown 1o
relate dicectly to the risk of both preinvasive and in-
vasive cervical abnormalities [29-34], Although it
was originally suggested that this association merely
reflected confounding by sexual or other variables,
the link persisted after adjustment for a variety of
factors. Support Tor causality is strengthened by find-
ings that cervical cancer risk is increased for long-
term smokers, high-frequency smokers, and users of
nonfilter cigarcties [34].

Crei contraceprives,  The possible relation be-
Lween oral contraceptive use and cervical cancer has
been examined in many studies, and the results have
heen contradictory. Case-control and cohort studies
conducted in the carly 1970s generally failed to iden-
tify an association. However, similarly designed
studies published in the late 1970 found an increased
tisk of preinvasive cervical disease in long-term pill
users. For the most part these carly studies did not
adequately control for sexual behavier or other
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saurces of confounding [35]. Recent well-controlled
studies have indicated that oral contraceptive use is
an independent risk factor and that long-term wsers
are at highest risk [36-38].

Dietary facrors.  The possible role of distary fac-
tors in the etiology of cervical cancer is just begin-
ning to emerge and could be particularly important
with respect to regional differences in cancer inci-
dence, Several case-control studies indicate a high
risk for women with low distary intake of either vita-
min A or vitamin C [39-43]. Folic acid deficiency
has also been implicated as a risk factor on the basis
of studies among oral contraceptive users [44, 45],

Genital [IPY Infection and Cervical Cancer
Detection of HPY Infections

Assav sysrems, HPY infection of the cervix can
cause a variety of easily recognized clinical or sub-
clinical lesions and can also be diagnosed by the pres-
ence of koilogytes or the detection of HPV antigens
[46]. However, these methods do not distinguish be-
tween genctically different types of HPY and do not
detect latent infections. The first HPY was formally
characterized ~10 v aga, and there are now more than
50 published “types.” A new type must share <50%
DNA homology with other known types, as delined
in a liquid hybridization assay [47]. HPYs cannot
be grown readily in tissue culture, and there is ex-
tensive immunologic cross-reaction among the var-
ious rvpes. Classification depends on DNA compa-
sition rather than antigenic analysis. Although &
variety of HPV types have been described, maost have
not heen defined by DA reassociation kinetics and
there is no standardized routine laboratory test to
defline new tyvpes or strains. Three basic THNA hy-
bridization assays have been most commonly used
toidentify HPVs: Southern blot, filter in situ or dot
blot, and tisswe in sitw, The relative sensitivity, spece
ificity, and reliability of the methods have not been
extensively studied [48, 49].

The Southern blot assay has been most commaonly
employed in studies to date. Material is usually ab-
tained by biopsy, although scrape, swab, or cer-
vicovaginal lavage can also be used. After extraction
viral DNA 15 separated from cellular DNA by gel
electrophoresis, and a positive reaction with viral
DMNA probes produces characteristic patterns, with
implied specificity [30]. The method is labor inten-
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sive and not well suited to large-scale studies. o ad-
dition, it s impossible 1o obtain cervical biopsy
specimens from a representative sample of healthy
WOITLEH.

In the filler in silu hybridization method, ex-
foliated cells are abtained by scraping or cervicovagi-
nal lavage; the sample is placed directly onto filter
paper, lysed, and then hybridized against vical DNA
probes [31]. Because this method uses significantly
smaller amounts of material than the Southern blod,
biopsy is not necessary; o additon, the labor-
intensive step of DMNA extraction prior to testing is
obviated. A disadvantage of the filter in situ assay
is the possible nonspecific trapping of viral probe,
with consequent false-positive reactions.

The tissue in situ hybridization test directly mea-
surgs HPY DINA I cither Tixed or frozen tissue sec-
tions, In condvlomata, the unique distribution of
reactive cells permits specilic interpretation of the
patterns observed in the sections [48].

Limitations of fvbridization assays. These as-
says are limited primarily by adequacy of the sam-
pling method, vndelined sensitivity and specificity,
and problems with interpretation, Sampling errors
are difficult to define. Inmost lesions, HPY infec-
tion involves the upper cell layers of the epitheliom;
thus scraping or lavage technigques should be more
likely to capture positive cells than biopssy. Most early
stuclies with Southern blar or tissue in situ techniques
used biopsy material, while studies measuring infec-
tion by [ilter o situ teses used samples taken by swab-
bing the surface of lesions (or the entire cervix). In
situ hybhridization using tissue scctions s the method
most vulonerable to sampling variation because foaci
of infection can be missed by biopsy or subsegquent
sectioning,

MWlost investigators agree that both Southern blot
and filter in situ hybridization can detect amounts
of HPV DNA corresponding to one or Tewer viral
genome capies per cell. The limit of detection of
HPV genomes by the tissue in situ hvbridization
methad is considerably higher: 20-100 copies of HPY
genome may be required to produce a reaction [48,
491, Data directly comparing the methods {in the
same and different laboratories) are not yer avail-
able, Indeed, thers is no agreement as to standardi-
zation of probes, Interpretive errors arise, in part,
from the limits ol detection of the hyvbridization
methads (sensitivity), There is also an undefined de-
gree of subjectivity in interpreting the results of any
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laboratory test. To date, no major publications have
described comparizsens of coded specimens in differ-
ent laboratories; issues of interpretation therefore are
ol et delined.

Matural History of Genital HPY Infections

I spite of technical problems in defining HPY in-
fection, there is a general consensus that HPY tvpes
G, 11, 1é, 18, 31, 33, and 35 are most consistently as-
sociated with genital infection and disease. These
types of virus appear to be sexually transmitted [17],
but the natural history of genital HPV infection with
clifferent types 1s nol well undecstood. Follow-up of
individuals exposed to sexual partners with condy-
lomata acuminata has shown that warls may appear
from six weeks to three months after exposure [52],
Genital warts are normally caused by HPV type 6
or 11 [53]. Although other HPV types infecting the
genital tract presumably have similar incubation
perionds, no specific information is available on this
Pt

Infections of the cervix with HPVY seldom give rise
to tvpical exophyvtic condylomata but rather are
manifested as flat or inverted condylomata [34].
These characteristically contain koilocytes, which are
pathognomonic of HPV infections, Certain epithe-
lial abnormalities found in flat condylomata are
sitmilar to thase helonging to the spectrum of CIN
[55]. A number of studies have shown that 0% -
TO% ol condylomatous lesions of the cervix are as-
sociated with CIN. In women followed prospectively
el 0% of lesions diagnosed by the presence of koilo-
cytes or viral antigen progressed to more severe Slagcs
of CIN, while the temainder regressed or persisted
at the same stage [56-38. [n the largest study 343
patients were followed over a mean period of 187
may 2539 of lesions regressed, while 1% persisted
and 4% progressed to carcinoma [58].

Giissmann and co-workers were the first to iden-
tify unique HPV types associated with condylomata
acurminala [33]. They found HPV type & or 11 DNA
in ~95% of such lesions; subsequent studies have
confirmed this observation [59-62]. These virus
types are also associated with CIN, and their oceur-
rence appears 10 he inversely related to the severily
of such lesions [51, 63, 64]. In a recent report, for
cxample, HPV type 6 or 11 sequences were found
in 33% of CIM T lesions {the least severe form), 13%
of CIN IT lestons, and 4.5% of CIN I [esions [60].
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i eontrast, the other tvpes of HPY infecting the gen-
ital tract seldom prodoce exophytic growths on the
external genitalia burt are associated with epithelial
lesions of mucosal surfaces. The occurrence of HPY
type 16 DNA varies directly with the severity of CIN,
HPV type 16 DNA has been found in 10%-25 of
CIN T lesions, in 25%-40% of CIN II lesions, and
in 50 -75% of CIN LI lesions [B0, 63, 66].

In spite of these well-recognized associations, i
is clear that not all HPV inlections are associated
with pathology. A variety of studies have shown that
10%a -30% of normal women arc infected with HPVs,
For example, Cox and collaborators found HPV type
16 1 nine normal cervical hiopsy specimens from
26 patients; 13 of the women had had consistently
normal cervical cvtologies within the previous five
years, and five [38%:) of this group were infectad [67].
Burk and associates studied patients from a Noew
York City colposcopy clinic and found that 10 {29%)
ol 34 women with normal colposcopic findings and
normal cervical cytologies were infected with HPW
[68]. Toorn and collaberators reported results from
a British ¢linic for benign gynecologic conditions,
where 12 (12%) of 104 women were infected with
HPVs [69]. In our studies in Latin America, we have
found ~50% of women from the general popula-
tion with normal Papanicolaon smears or with cer-
vicitis to be infected with HIS [70].

HPY DDA in Cervical Cancers

The ohserved increasing prevalence of HPV tvpe 16
with more severe grades of CIN and the linding of
abnormal mitotic figures associated with lesions con-
taining HPV type 16 suggest that certain types of
HPY may function as carcinogens [71]. This con-
cept is strengthened by the detection of HPY DMNA
seqquences in invasive cervical cancers and in cell lines
derived from these cancers,

Although DNA from HPV types 16, 18, 31, 33,
and 3% has been detected in invasive cancers [0,
72-75], the majority of the DNA sequences found
in these cancers are homologous to type 16, The
results ol a number of studies of FIPV DNA [re-
quency are summarized in table 1, The Southern blot
method was used to identify viral DNA sequences
in all but two of these studies, and the DNA-DNA
hvbridization reactions were conducted under either
stringent or nonstringent conditions, with subse-
quent washing of the blots under stringent condi-
tions, The latter method appears to have vielded
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Table 1. Summary of prevalence of HPV type 16 ONA
sequenges in cervical cancers from different case series.

Flvbrid- Praportion
ization Sample  pasitive 95% Fcfior-
Assay™ conditionsT e [%a) i cnee
B M5 i a1 0.3s5-0.82 7
SB (R 9 L O 16052 T3
DG 5 K] 33 434070 70
DG 3 o 30 O.01-0%8 &6
b ME |2 s B63-099 37
=H ] a0 K 0.22-0.30 )
1= 5 I3 4i 0.19-0.74 TE
E1H 5 e 13 0.07-0,7 T
LB ] 11 73 0.19-0,93 D
SR bt il 6] O, 3E-0.ED 51
5B 5 11 4% 0, 16-0.76 g2
1 H b 3 14 b 0610157 a3
5B M5 11 43 0.16-0.76 06l
+ 5B Sourthern blot B = dan blod.

% = srringment; M% - nonstringent.
t - = '
O | confidence interval.

slightly higher rates of positivity than the former.
In total, HPV type 16 sequences were found in 116
(50%) of 231 tumors. However, the positivity rates
varicd from 14% to 920, with the number studied
it is not possible to conclude that the variations ob-
served represent statistically significant geographic
differences. Clearly not all cervical cancers contain
HPY tvpe 16 DMNA; this finding is o be expected
if other causal factars or other types of HPY are in-
volved or may be due simply to inadequate sampling
[24].

The association of HPV type 16 with invasive cer-
vical cancer was examined by means of the South-
ern blot method and a case-control design; viral se-
quences were detected in biopsy specimens from 31
(66%) of 47 patients with cancer and in cervical ep-
ithelial samples from nine (35%) of 26 controls [83].
The consecutively enrolled control group consisted
of women treated at the same hospital at which the
cases were treated, The controls were admitted for
treatment of benign gynecologic disorders and
differed significantly from the cervical cancer pa-
tients in age and marital status. After adjustment
for age, the difference between cases and controls
in the oceurrence of HEV type 16 DNA was not sig-
mificant.

Filter in situ hybridization was used in a second
case-control study in which controls were randomly
selected from women in the same neighborhood as
cervical cancer patients and from patients hospital-
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ized with nongvnecologic disesses and were matched
on the basis of age. HPY type 16 DNA was found
in 3 {679 of 46 cervical cancer patients and in 22
(43%) of 51 controls [70].

The prevalences ol HPY type 16 among the cervi-
cal cancer patients in the two case-control studies
were similar to those of the case series reports (table
1). However, the rates of HPY in control women were
higher than thase noted by most investigators study-
ing women without condylomatous or neoplastic dis-
ease of the cervix, These differences could represent
variations in enrollment criteria {particularly glini-
cal criteria and age), methods of obtaining speci-
mens, or assay svstems used to detect HPY DINAL
Through analvsis of exfoliated cervical epithelial cells
by the filter in situ method, HPY DNA was detected
among 2%-11% of women with normal ¢vtologic
smears [49, 31, 3], Southern blot analvsis of ex-
forliated cells revealed viral DNA sequences in 11%
of cytologically normal women in one study [86],
while 12% of nonpregnant and 28% of pregnant
women were positive in another study [87]. South-
ern blot assays of biopsies from normal cervices
revealed HPV DNA in ~l0% of women sampled
|53, 88].

The rates obtained in these ather studies of nor-
mal women are guite similar despite the use of ex-
foliated cells in some stadies and biopsics in others
and the use of dilferent hvbridization methods for
detecting viral DINAL Thus the high rates among con-
trol women from the two case-conirol studics may
reflect the process of selection of controls. In both
case-contral studies, the prevalence of HPV type 16
DNA increased with age, an observation at variance
with the recent report of De Villiers and co-workers
[89]. What is most important is that all studies of
“normal™ women have indicated that HPY tvpe 16
may persist in histologically normal epathelivuom; this
concept is supported by analvsis of tissue adjacent
to neoplastic or condylomatous lesions of the cer-
vix [90, 91].

Data on the association of HPY types other than
Lype 16 with cervical cancer are himiled. HPY type
18 DMNA has been derected in 13% of cervical cancers
from German women and in 25% of cancers from
Adrican and Brazilian wormen [73]. Two reports from
Japanese investigators indicated the presence of HPY
tvpe 18 DNACIn 5% and 22% of the invasive cancers
examined [59, 92]. In contrast to HPV tvpe 16, HPV
type 18 sequences in CIN lesions seem (o gccur in-
dependent of the severity of disease. HPVY type 18
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DMNA has been found i 5%, 2%, and 4% of CIN
I, CIN LI, and CIM L1 lesions, respectively |60], in
one study and in 23%, 20%, and 26T of these le-
sion types in another investigation [63]. 1o a third
study, 25% of CIN 1 and CIM [ lesions contained
viral DNA and no CIN TIT lesions were positive [64].

HPY 1ypes 31, 33, and 35 have only recently been
described, HPY type 31 was noted in 20% of mild
and maoderate dysplasia cases and in 6% of invasive
cancer cases o the inial report 93], A subsequent
study revealed HPV type 31 DNA in 11, 13, 13%,
and 9% of CIN I lesions, CIN 1T lesions, CIN 111
lesions, and invasive cancers of the cervix, respec-
tively [60], In a single case series, HPV type 33 DNA
wits ound in 4% -80% of CIN lesions and invasive
cancers [74]. Thus, while HEV types ather than tvpe
16 have been associated with cervical neoplasia, data
presently available do not reveal an increasing prey-
alence of these agents with increasing severity of cer-
vical disease, as has been noted for HFY type 16,
Clearly, additional information is needed concern-
ing the distribution of ather HPV tvpes in cervical
neoplasias and normal populations.

The assaciation of HPVY type 16 with neoplastic
disease is not restricted to the uterine cervix, Between
0% and BO% of samples from vulvar precancer-
ous lesions (such as bowenoid disease) or from vul-
var intraepithelial neoplasias have been found to con-
tain HPY type 16 DNA sequences |60, 94 HPY type
16 DA has been detected in vulvar carcinomas [60],
anal cancers [95], penile cancers [96], oral cancers
197, 98], tongue cancers [99), and head and neck
cancers [100]; moreover, samples from bronchial
ecsophageal cancers have been reported Lo react with
amixed probe containing DNA from HPY tvpes 16,
18, 11, and 30 [101, 102]. The presence of HPV tvpe
16 3NA in nongenital cancers may reflect a general
lack ol specificity for cervical cancers. Alternatively,
HPY type 16 could be etiologically involved in the
formation of squamous cell tumaors at multiple sites.

Molecular Biology of HPY and Cervical Cancer
Integration of HPY DNA

As has been noted, many investigators have found
HFY in cervical cancers; thus HPV infection may
play a causal role in oncogenesis. In addition, inde-
pendent evidence indicates the melecular mecha-
nisms involved. Experimentally induced malignant
transformation by DNA vicuses generally iovolves



integration of viral DNA into the cellular genome
as an essential step in oncogenesis. Early studies sug-
gested that HPY DINA exists as frec episomes in be-
nign lesions and as integrated sequences in malig-
nant lesions [72, 73, 103]. [[ integration is a necessary
event in the oncogenic progression of lesions, the
demaonscration of inteprated HPY DNA sequences
would strongly support a causal role for the viruses,
and it would be important to identify factors lead-
ing to integration.

Invitro moclels. Studies of the state of HPY DNA
i relation to genital cancers were conducted with
fresh biopsy material and established cell lines de-
rived from neoplastic lesions. Cell lines from 12 pa-
tients with cervical cancer were examined; HPY DNA
sequences were detected in 83% [72, 79, 104, 105],
a prevalence generally similar to that of HPY DA
in hiopsied invasive cancers. However, HPY tvpe 18
DNA was found more commaonly than HPV type
16 DN A in established cell lines (seven of 10vs. three
of 107, while the reverse distribution was found in
biopsied invasive cancers. These lindings suggest a
possible selective advantage in culture for cells con-
taining HPV type 18 sequences,

In all established cell lines studied to date, viral
DINA appears to be integrated into host cell DNA
[103, 106-110]. In most instances integration has oc-
curred within the HPV E1 or E2 open reading frames
((ORFs), Cloned cellular sequences at the inlegration
sites have been used to identify the chromosomes in
which wiral DNA integration oceurs, Chromosome
12 is involved in the SW756 cell line [103, 106, 107],
chromosome 13 in SiHa cell lines [107], and chro-
mosome & in both HeLa and C4-1 cell lines [106].
I situ DNA-DNA hvbridization analysis has con-
firmed the chromosame 12 location of HPY DMNA
sequences in the SW756 cell line [111] and the chro-
mosame # location in Hela cells [112]. Popescu el
al. [112] also localized HPV type 18 DNA sequences
in HelLa cells 1o a normal chromasome ¥ and 1o two
abnormal chromosomes derived from chromosomes
5 and 2, respectively. Viral upstream regulatory re-
gions, as well as the E6 and E7 ORF5, have been
found intact and transcriptionally active [107, 110,
113, 114]. Transcripts have been identified that in-
clude E6 and E7 ORF products and mRNAs rep-
resenting spliced products of E6 and the 3 cellular
sequences at the integration site. In addition, pro-
teins encoded by the Eé and E7 ORFEs have been de-
tected in cell lines [79].
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Thus the data suggest that integration invelves a
specific region of the viral genome bul occurs ran-
domly within the DNA of the cell, IF this is true, there
are three possible mechanisms by which papilloma-
viruses might induce malignant transformation of
cervical epithelial cells. First, the products of the
early ORFs, such as E6 or E7, might function as
transactivating molecules thar alter expression of cel-
lular growth control genes. The ability of the E6, LT,
and E5 regions of the bovine papillomavirus genome
toinduce transfarmation in culture supports this hy-
pothesis [115-118]. Second, the integrated viral tran-
seriptional regulatory region could alter the tran-
scription of cellular oncogenes. The chromosomal
lovation of the integration sites in cell lines has var-
ied and is not consistently in the regions of known
oncogenes. However, elevated levels of c-mive mENA
have been found in two cell lines with HPV type 18
DNA sequences in the chromosome containing this
oneogene [106], Amplification of c-mye and ¢-Ha-
ras, as well as increased levels of mRNA expression
of these oncogenes, have been reported from studies
of biopsy material [119], Finally, fusion products
created at the site of integration of the viral DNA
mizht serve to alter the phenotype of the cell [110].
The apparent nonspecificity of the integration sites
in the human genome and the variation in expres-
sion of the putative fusion mRMNAs make 1his ex-
planation unlikely, however [114].

Animal models,  Although studies of established
human cervical cancer cell lines have provided im-
portant clues 1o possible oncogenic mechanisms,
these investigations have many inherent limitations.
Indeed, evidence from animal madels suggests that
integration is not required for oncogenic transfor-
mation. Papillomavirus DNA usually exists as free
episomes that can be identified by the umgque prop-
ertics of supercoiled-circle (form 1) and open-circle
(form IT) DNA molecules. Shope papillomavirus in-
duees tumors in domestic rabhits, and some of these
papillomas undergo maliznant conversion. In the be-
nign papilloma viral DNA exists as form 1 and form
1T molecules, while in primary and metastatic carci-
nomas a large portion of the viral DNA exists as
covalently or nicked oligomerie circles [120]. Simi-
larly, most of the DNA in bovine papillomavirus—in-
duced tumors persists in an extrachromosomal state
[109]. Thus, while integration of rabbit papillomavi-
rus DNA as an oligomer consisting of head-to-tail
tandem repeats has been noted in carcinoma-derived



HEY and Cervicol Cancer

cell lines [121], integration of viral DNA does not
appear ta be a necessary event for tumor induction
in the rabbit and bovine models of papillomavirus
infeciion.

Studdies of human clinical marerial.  Although
studies of tissue culture and animal models may help
1o clarify mechanismey, the results cannotl be genar-
alized a priori to human populations. Several tech-
nigues have been used to examine the physical slate
af HPV in human genital lesions; the conelusions
have varied. Cesium chlorideethidium bromide gra-
dient centrifugation and Southern blot analysis of
undigested DNA readily detect lorm | and form 11
DA molecules—the only forms found in some
cancers. However, some lesions conlain viral se-
gquences that migrale more slowly than form 11 maol-
ecules, and these could represent viral DNA in-
teprated into larze frazments of cellular DNA or
multimeric forms of noenintegrated viral DNAC In
order te distinzuish batween these possibilities, it is
necessary to use approprigle restriction enzymes. 1F
the DNA is cpisomal, fragments of genome length
ar smaller shauld be produced; the finding ol viral
DINA sequences in moelecules larger than unit size
would reflect integration of viral DMNA (provided thal
the enzyme digestion is complete). Greater confi-
dence regarding the physical state of the viral DNA
can be zained from two-dimensional gel clectropho-
resis [120], and uneguivocal evidence is provided by
cloning and scquencing of the virus-cell DINA in-
tepration site [103].

The episomal state ol HPY type 16 DNA in be-
nign tumars and in CIN lesions, as determined by
Southern blot analvsis of uncul and restriction en-
syvme-cut DNA, has been confirmed by maost inves-
Ligators [53, 63, 77, 86, 122, 123]. Nevertheless, there
are reparts to the contrary, For example, Diluca and
co-workers [TE] suggesied chat integration of viral
DA eccurred in both invasive and CIN lesions.
However, this conclusion was hased on minar high-
molecular-weight bands found on Southern Bl
analvsis after restriction enzyme digestion, and these
hands could have resulted from incomplete diges-
tion. Similarly, in a second report suggesting integra-
tion of viral DNA in CIN, the submolar [ragments
taken as evidence of viros-cell juncrions may also
have represented products of incomplete restriction
endonuclease digestion or diflerences in restriction
cnzvimne sites between the sequences present in the
tumors and the prototype HPY type 16 DNA [86],
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The presence of HPV type 16 DNA sequences in-
tegrated with cellular IMNACin cervical cancer tissue
has heen clearly demonstrated by Durst and co-
workers, who cloned two distinet integration siles
in DA obtained from a cervical cancer [103] and
subsequently localized the sites to chromosomes 3
and 20 [106]. However, the frequency with which in-
tegration goeurs is less clear. In the inddal study [103]
cesium chloridesethidium bromide gradient centrifu-
gation analysis was used to examine the state of the
HPV type 16 genome in DNA from six benign
tumors, including two cases of mild dwvsplasia. Viral
DA existed as 8-kilobase circles in these benign le-
sions, A similar analysis of DNA from three cervi-
cal carcinemas and a specimen from a case of Bo-
wen's disease yielded evidence of a head-ro-tail
genome arrangement of high-molecular-weight epi-
somal HPV rype 16 DNA s well as integrated viral
DN An two specimens and of integrated DNA alone
in two additional specimens, The integrated state in
these instances was confirmed by two-dimensional
wel electrophoresis [103].

(Hher investigatars have also found evidence for
both integrated and episomal HPV DNA sequences
in invasive cervical cancers. Reports on several se-
rics of cases supgested that integratlon Qoours regu-
larly [72, 73, 77, 79, 101, [03]. However, only seven
of 31 HPV.positive cases studied by Meanwell and
co-workers [83] were thought to involve integrated
viral sequences, and Yoshikawa and associates [39]
found viral DNA existing as form [ and form 11 mol-
ecules in 11 of 19 cases, Choo et al. [76] Tound only
free gpisomal viral DNA insix of 16 invasive cancers
conlaining HPY tvpe 16 seguences, another six
cancers had only integrated sequences, and Tour had
both, Intezration sites present in relatively minor
amounts could have been missed in the laster studies,

[ summary, the results of these reports suggest
that integration is not a constant feature of the as-
sectation between HPY and the malizgnant state. This
conclusion is supported by the observation of the
episomal state of HPY tvpe & DNA in Bushcke-
Lowenstein tumors [124], of the apparent episomal
state of HPV tvpe 1E DNA in both cervical and
penile cancers |76, 96], and in the existence of nonin-
teprated FIPV rvpe 33 DNACIn a case of invasive cer-
vicil cancer |[74). Thus, while integration of HPV
type 16 DNA clearly ocours, the importance of this
phenomenaon in the genesis of the cancer remains
tor be clarifed.
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In vitro studdies. Tinally, in addition to the con-
flicting evidence concerning integration of HPY
DNA o transformed cells, data have been oblained
on the stability of viral DNA in transformed cells.
As with other molecular studies, the most consis-
et evidence comes from in vitre experiments, while
results from in vivo protocols are less conclusive
HPV tyvpe 16 has been shown to induce mabgnant
transformation of NIH 3T3 cells [92, 125] and to
immortalize primary human keratinocytes [126]. In
addition, viral DMNA has been found to transform
primary rat kidney cells when transfected with the
Ed-rirs oncogene [127], and the viral DNA in these
in vitro transformed cells is stably integrated, The
HPY DN A sequences in cervical cancer cell lines also
appear o remain stable. This point has been demon-
sirated for Hels cells, where lines maintained in
different lahorateries have been found 1o contain the
same genome copy numbers of HPV type 18 [104]
Similarly, sublines ol cells derived from the same cer-
vical cancers, but differing in morpheology, have been
lound to conain similar copy numbers of HPY se-
guences with identical restriction enzyme patierns.
These indings have been reported for cell lines C4-1
and Ca-11, which contain TPY tvpe 18 sequences
[104, 105]; for cell lines SKG [1la and SKG b,
which contain HPV tvpe 16 sequences [92]; and for
cell lines C33A and C331V ([103] and W, Rawls, un-
published observation),

In vive studies, A similar stable relation in vivo
is suppested by the detection of HPY DMA in
metastatic lesions orizginating from primary cervi-
cal cancers. DNA of HPY types 16 and 1% has been
found in metastases to the peritoncal cavity [128],
the liver and subclavicular lvmph nodes [39], and
the pelvic lymph nodes draining the wierine cervix
[80]. In the latter study, cervical cancers and drain-
ing lymph nodes from 13 patients were studied. All
cervical lesions contained HPY sequences, and the
same type of HPY DNA was lound in nedes from
seven patients. Histologic examination of [rozen sec-
tions revealed cancer cells in five of the seven HPV-
positive nodes but not in the six HPV-negative nodes.
These results support the concept of a stable inter-
action between the viral zenome and the malignant
cell.

This conclusion is tempered somewhat by an ap-
parent heterogeneity of HEV DNA distribution in
some primary cancers, HPY DNA was found 1o be

Keeves, Rowls, and Brintos

focal when biopsies of invasive cancers were ¢xam-
ined by in situ hvbridization technigues [49, 129].
A noted previcusly, the tissue i situ assay 15 rela-
tively insensitive, and the focal distribution observed
could represent regions of the tumor where subsets
of cancer cells have undergone differentiation as-
saciated with replication of endogenous viral DMNA.
However, heterogeneity of viral DNA in cancers has
also been noted with the Southern blot technique.
In a study of duplicate tissue samples from penile
carcinomas, only 33% of 18 positive lesions con-
tained detectable viral DNA in both samples [96].
A second study of multiple samples from 12 cases
of vervical carcinoma revealed three instances of
positivity for HPY DNA in one specimen and HPV
DN A negativity in a second specimen obtained from
an adjacent area of the tumor [85], While the com-
parability of tumor cell cantent in the paired sam-
ples was not determined in these studies, the cdata
argue against a stable relation between the viral ge-
nome and the cancer cell in primary cancers.

Conclosion

The hypothesis that HPV is an etiologic agent of cer-
vical cancer derives from four major laboratory-
based arguments. First, infection with genital HPVs
induces dysplastic lesions that are colposcapically
and histologically similar to preinvasive cervical neo-
plasia. Second, most invasive cervical cancers con-
tain HPY DNA; preinvasive cervical lesions contain
HPV DNA, proteins, and complete virions, and in-
fection rates increase with the grade of the lesion.
Thied, cell lines derived from cervical cancers, such
as Hela, SiHa, and CaSki, contain integrated HPY
DA although integration sites vary, integration
senerally accurs within El or E2 ORFs, and E6 and
E7 ORFs: are intact and transcriptionally active
Fourth, HPV DNA sequences appear 1¢ be stable
in both established transformed cell lines and fresh
biopsy matcrial.

In spite of the fact that melecular biology studies
are incriminating, the evidence that HPV causes cer-
vical cancer is largely circumstantial, The investiga-
tors in most studies have enrolled small numbers of
selected patients rather than sampling defined popu-
lations and generally have not reported details con-
cerning basie parameters such as age or clinical stage:
thus it is impossible to compare the results of vari
ous studies, In addition, because most studies have
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heen limited 1o cases of HPV infection and have not
included controls, relative risks cannot be estimated.
Some reports include data on “contrel” subjects, but
these women have usually been enrolled al sexually
transmitted disease clinics or in Papanicolaou smear
sereening programs and have not been selected from
defined populations. In addition, controls have
generally not heen comparable to cervical cancer pa-
tients with regard (o important attributes such as age.
The few good epidemiologic studies that have been
published or reparted al meetings have indicated that
HEYV s less of a risk factor than was predicted from
labaratory data; i.e., relalive risk estimates are in the
range of 2-4,

Orther important basic laboratory issues must be
resolved by hypotheses that HPV 15 a causal agent
of cervical cancer. HPY infection is assessed by as-
says for IINA, A wvaricty of laboratory methods,
probes, and criteria for positivity have been used.
Each assay is limited by sampling ervors and its own
intrinsic faws, To date, no major published studies
have compared assavs either within or between
labaratories. Test variability, sensitivity, and speci-
ficity remain undefined. Similarly, issues of viral per-
sistence, latency, and reactivation have not been crit-
ically addressed. For example, 10%-50% ol healthy
women are infected with genital HPVs; the presence
af viral DNA in anatomically normal tissue could
result from sampling during the incubation pericd
following primary infection or from persistence of
virus in an oceult form not associated with a prolifer-
ative response of infected epithelial cells.

It is clear that HPV infection along is neither suf-
ficlent nor necessary for the development ol cervi-
cal cancer. The diversity of known risk factors for
cervical cancer indicates a multifactorial etiology,
and the interrelations of the various factors are not
well established. Two general classes of cofactors
must be considered: fixed cofactors that are present
at the time of infection (e.g., demography, genetics,
diet) and variable cofactors that are introduced fol-
lowing infection (pregnancy, hormone exposure, diet,
smoking, other sexually transmitted diseases) [130,
131]. None of these interactions has been evaluated
epidemiologically, however.

Future analytic studics of HFY infection and cer-
vical cancer must include cases from defined popu-
lations and appropriately matched controls (female
and male) and must measure other risk (or con-
founding) factors (such as sexval habits, smaking,

433

other sexually transmitted diseases, hormones, and
dietary factors) in arder to define a multifactorial
madel, These studies must also pay particular atten-
tion to well-standardized laboratory methods so that
HEPY infection is assessed with defined levels of pre-
cision,
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