Papovaviruses and Human Tumors

H. zur Hausen

Papovaviruses contain the two subgroups
“polyomaviruses” and “papillomaviruses”
(reviewed in [20]). Members of both sub-
groups are clearly oncogenic, most notably
the papillomaviruses, which induce papil-
lomas within their natural hosts (see review
[24]). Viruses of both subgroups can be dis-
tinguished morphologically, btochemically,
and biologically. The polyomaviruses are
nonenveloped, eicosaedral particles of
40 nm containing a circular double-
stranded DNA molecule of about 3.3 X 10°
daltons. The papillomaviruses show similar
structural features. They are, however, larg-
er in size (50-55 nm) and contain a DNA
molecule of about 5.0X10° daltons. The
structural organization of the genome is to-
tally different in both groups: In polyo-
maviruses, transcription of early and late
genes occurs in opposite polarity involving
both strands. Papillomavirus DNA has on-
ly one transcribed strand with a long
stretch of base pairs separating early and
late transcripts. Polyomaviruses thus far
appear to be oncogenic under experimental
conditions only, mainly after injection into
newborn animals. Papillomaviruses, in
contrast, are the causative agents of papil-
lomas and contribute, under certain con-
ditions, to malignant conversion.

A. Polyomavirus Infection in Man

Two polyomavirus infections of man, BK
and JC virus, were identified more than 10
years ago [2, 15]. BK virus is frequently ex-
creted in the urine of immunosuppressed
patients in high quantities without being
identified as the causative agent of any hu-
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man disease. JC virus was isolated from pa-
tients with progressive multifocal leukence-
phalopathy (PML) and appears to be the
causative agent of this condition. Both
viruses are oncogenic when inoculated into
newborn rodents and transform hamster
cells in tissue culture (reviewed in [20]). JC
virus has also been shown to induce gli-
omas upon intracerebral inoculation into
owl monkeys [12]. The occasional presence
of SV40 antibodies in a small percentage of
individuals (about 1%) and the identifica-
tion of this virus in two cases of PML [21]
may hint at the existence of human in-
fections with this monkey virus.

Rather recently, evidence was obtained
of human infections with an additional
polyomavirus, the B-lymphotropic papova-
virus (LPV). This virus was originally
isolated from African Green Monkey
(AGM) lymphoblasts [27]. Between 20%
and 30% of the human adult population
produce antibodies to this virus, which
neutralize the AGM isolate and point to
the existence of a closely related or identi-
cal agent in man. Attempts have failed thus
far to demonstrate the pathogenicity of this
virus or to correlate the antibody response
to a specific disease pattern. Therefore, a
possible role of polyomaviruses in human
tumor induction remains to be elucidated.

B. Papillomavirus Infections in Man

Since 1976 [3, 5, 13], it has become ap-
parent that several types and subtypes of
papillomaviruses of man exist. So far, at
least 17 distinct types of human papil-
lomaviruses have been identified and it is
predicted that additional types will follow.
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Verrucae vulgares (common warts) is in-
duced by human papillomavirus (HVP)
types 1, 2, 4, and 7. The latter has only
been found in butchers until now. Flat
warts are caused by types 3 and 10, genital
warts and laryngeal papillomas by types 6
and 11. At least seven distinct types have
been isolated from patients with a rare skin
disease, epidermodysplasia verruciformis
(types 35, 8, 9, 12, 14, 15, and 17], and one
virus isolate (type 13) originates from mu-
cosal papillomas of the gingiva (morbus
Heck).

C. Papillomaviruses and
Human Cancer

More than 40 years ago, a papillomavirus
infection of rabbits, the Shope papil-
lomavirus, was identified as a potentially
carcinogenic infection [16]. Additional ap-
plication of chemical carcinogens at sub-
threshold concentrations enhances the
malignant conversion and reduces signifi-
cantly the latency period [17].

A few years ago, Jarrett and his col-
leagues [9] noted an interesting interaction
between a papillomavirus infection and
carcinogens in esophageal carcinomas of
cattle. Papillomas caused by type 4 of bov-
ine papillomavirus changed into squamous
cell carcinomas in areas where cattle grazed
on bracken, which contains a potent car-
cinogen.

A specific interaction between certain
types of papillomavirus infections and
physical and chemical carcinogens also
seems to lead to certain human cancers (see
review [24]); epidermodysplasia verruci-
formis represents a “classical” example.
Generalized verrucosis is a pathognomonic
feature of this condition. The papillomas
are caused by distinct types of viruses. At
least two types (types 5 and 8) have been
identified in carcinomas arising within
warts at a remarkable frequency [14], pre-
dominantly on sun-exposed sites of those
patients. Skin carcinomas in these patients,
therefore, seem to result from the in-
teraction of a specific type of papillomavi-
rus infection and the additional interaction
with a physical carcinogen, namely the UV
part of the sunlight.
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A second example is provided by mul-
tifocal laryngeal papillomas, the majority
of which seem to be caused by a pre-
dominantly genital papillomavirus (HPV-
11) [6]. This condition reveals a remarkable
tendency to recur after surgical removal
and even iatrogenic spreading of the papil-
lomas has been reported (reviewed in [24]).
In previous decades, a number of attempts
were made to treat these proliferations by
x-irradiation. A high percentage of
laryngeal papillomas treated under this
regimen later converted into squamous cell
carcinomas, even in young patients. Nonir-
radiated laryngeal papillomas very rarely
convert into malignant tumors (see review
[24]).

The most recent human condition to re-
veal increasing evidence for a similar in-
teraction is human genital cancer. The epi-
demiology of this malignancy clearly points
to an infectious event in its etiology (re-
viewed by [26]). Since 1968, herpes simplex
viruses (HSV) have been suspected as play-
ing a role in this condition. This was mainly
based on seroepidemiologic studies point-
ing to a role of this virus in the etiology of
genital cancer. Attempts to find HSV DNA
in biopsy material derived from such
tumors have largely failed, creating an
obvious dilemma in linking HSV infections
to genital cancer.

The failure to find HSV DNA in genital
cancer biopsies stimulated the search for
other viruses potentially involved in the
etiology of this disease. In view of case re-
ports on the malignant conversion of geni-
tal warts (see review [24]), human papil-
lomaviruses appeared to be good can-
didates [23, 28, 29]. This led to the charac-
terization of HPV-6 as the main agent
found in genital warts (condylomata
acuminata) by Gissmann and zur Hausen
[4], the successful cloning of this virus in
bacterial plasmids [1], and to the identifica-

. tion of a second agent, HPV-11, which pre-

vails in preneoplastic dysplastic lesions of
the cervix, but is also present in some con-
dylomata acuminata [7].

The analysis of malignant genital tumors
for HPV-6 or HPV-11 DNA has resulted in
the following data: (1) Six of seven
Buschke-Lowenstein tumors (giant con-
dylomata acuminata or nonmetastasizing
verrucous carcinomas) contained HPV- 6



or HPV-11 DNA; (2) 5 of 27 invasive car-
cinomas of the cervix or carcinomata in situ
contained HPV-11 DNA or that of a
related agent [7]. Since additional groups
have reported as yet undefined papil-
lomavirus DNAs in a few more tumors [8,
22] this clearly shows that at least a certain
percentage of genital cancers (at present
about 20%) contain papillomavirus DNA.

Very recently, our group cloned a third
papillomavirus type directly from a cervical
cancer biopsy (Diirst etal., unpublished
data). This virus is very distantly related to
HPV-6, HPV-11, or any of the other
characterized human papillomaviruses. It
will be of particular interest to test the as
yet negative biopsies for the DNA of this
new virus type, and such studies are pre-
sently in progress. These experiments are
performed in the expectation that several
distinct types of papillomaviruses cause in-
fections of the human genital tract and a
number of them may be involved in the
malignant conversion of such papillomas.

We discussed previously the apparent in-
teraction of papillomavirus infections with
carcinogens (initiators) in the induction of
malignant conversion. Is it possible to iden-
tify an initiator interacting with papil-
lomavirus infections in the human genital
tract? We believe this is indeed possible.
This answer, at surprising first glance,
refers to herpes simplex virus infections.
Recently, we were able to demonstrate that
HSV efficiently induces mutations within
the hypoxanthin-guanine-phosphoribosyl-
transferase (HGPRT) locus of human rhab-
domysarcoma cells {18]. More importantly,
HSV was shown to share the property of in-
ducing selective gene amplification [19]
with chemical and physical carcinogens [10,
11]. This suggests that HSV may provide
the initiating functions required for malig-
nant conversion of papillomavirus “pro-
moted” cells.

Very recent experiment (Gissmann et al.
unpublished data) provide direct evidence
for the amplification of papillomavirus se-
quences in HSV-infected cells, stressing the
probability of the suggested interaction.

The available data have led to the devel-
opment of a model [25] claiming that hu-
man genital cancer results from a syn-
ergistic interaction between two virus in-
fections (papillomavirus and HSV) or one

virus infection (papillomavirus) and other
initiating events.
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