








Papillomaviruses in oncogenesis

immunocompetent animals. This is precisely
what happens in the field; animals eating
bracken are afffected by persistent, widespread
oral papillomatosis. One of the animals treated
with BPV 4 and bracken fern developed carcin-
omas of the upper alimentary tract and aden-
omas and adenocarcinomas of the lower bowel.
The presence ofBPV 4 DNA was shown in the
induced papillomas, but no viral DNA was
found in the cancers of the digestive tract.33
These results suggest that (a) BPV 4 initiates
one of the early events in cell transformation,
and that its genetic information is not required
for malignant progression; (b) immunosup-
pression permits the spread and the persistence
of papillomas; and (c) bracken would supply
other carcinogens, leading to full cell transfor-
mation and progression.

IRRADIATION TREATMENT
Malignant conversion of squamous papilloma
of the larynx has been reported, although it is
uncommon.' 359 A review of the case reports
show that malignant neoplasms are more likely
to occur in cases of severe papillomatosis of
long duration with lesions spread throughout
the respiratory tract. Malignant conversion,
therefore, seems to be more common in cases of
disease of juvenile onset, but it has also been
reported in cases ofadult onset disease.91-94 The
malignant transformation has been associated
with irradiation, and the risk of this treatment
have been generally accepted.95 Majoros et al
reported that 1400 ofcases receiving irradiation
exhibited malignant transformation. Radio-
therapeutic management of these lesions is
therefore no longer appropriate. Some authors
now report malignant changes, even in the
absence of irradiation.9"98 There may be an
association between smoking and conversion to
squamous carcinoma,99 although there are
reports of malignant degeneration in subjects
who do not smoke.98 In laryngeal papil-
lomatosis, therefore, physical as well as
chemical factors influence the transition of
papillomas to a malignant state.

EPIDERMODYSPLASIA VERRUCIFORMIS (EV) AND
SUNLIGHT
EV is a rare, lifelong disease characterised by
disseminated skin warts, which resemble flat
warts in children, or appear as reddish plaques
or pityriasis versicolor-like lesions.8' 82 100 The
disease usually arises in young patients with
congenital defects of cell mediated immunity.
In about one third of the patients with EV
multiple bowenoid or squamous cell carcin-
omas develop later in life.81 82 101 These lesions
are associated with a variety of papillomavirus
types. So far, more than 20 different types of
HPV have been isolated from lesions of such
patients: HPV 5, 8 and rarely 14 are frequently
found in the malignant lesions." 102
Malignant growth preferentially arises from

pityriasis-like warts mainly at sites exposed to
sun.'0 103 Ultraviolet light, therefore, seems to
represent a cofactor which might act synergis-
tically with the papillomavirus infections.' It
has been suggested that up to 30% of Caucasian
patients with EV may develop malignant skin

lesions;"'0 103 in Africans the disease shows a
more benign course and cancer does not
occur,'04 suggesting that pigmented skin offers
a protective function.

SYNERGISTIC MECHANISMS IN ANOGENITAL
CARCINOGENESIS
Substantial evidence also emphasises the role
of smoking in the aetiology of cancer of the
cervix. Most studies indicate a moderately
increased risk in heavy smokers.'09'07 Major
constituents of tobacco inhalants, such as
nicotine and cotinine, seem to be concentrated
in the vaginal fluid.'08 These chemical factors
and mutagenic metabolites may act synergis-
tically with HPV infections, leading to the
development of anogenital cancer.78 It has also
been suggested recently that herpes simplex
virus might represent a cofactor in the develop-
ment of this malignancy.'" The association of
HSV with cervical cancer has been discussed
for many years. Experimental data suggest that
HSV may act as an initiator and HPV as a
promotor in cervical carcinogenesis.7879 Some
support for the hypothesis was provided by
recent observations that these two viral infec-
tions may coexist in the genital tract in some
100, of patients.3 52110
DNA amplification may have a role in the

tumour initiation process induced by chemical
and physical carcinogens."111'"3 Like carcino-
gens, DNA damaging viruses, such as the
herpes group viruses, vaccinia virus, and
adenovirus, can induce amplification of viral
DNA sequences in a number of cell lines
containing SV40, polyoma virus, lymphotropic
papovavirus, and hepatitis B virus.'4115 Recent
experiments have shown that treatment
with N-methyl-N'-nitro-N-nitrosoquanine
(MNNG), ultraviolet irradiation, or infection
with HSV induce amplification of integrated as
well as episomal sequences of BPV DNA in
transformed mouse cells."6 The induction of
amplification of papillomavirus DNA by
initiating agents may lead to an increase in the
target cell pool of cells carrying HPV and
therefore may increase the risk of malignant
transformation. It possibly represents one of
the mechanisms by which the synergism be-
tween papillomavirus infections and initiators
in carcinogenesis occurs.

Papillomavirus and host cell interactions
Although the association of papillomaviruses
with malignant tumours has become more and
more evident, the precise role of these viruses
in the development of malignant tumours has
not yet been clarified. The major difficulty in
elucidating the role of papillomaviruses in
oncogenesis has been the lack ofan appropriate
in vitro culture system which would permit the
growth of the virus and allow its transforming
properties to be analysed."7 The advances in
molecular biology and the application of
molecular biological techniques have resulted
in an impressive increase in our knowledge of
the mechanisms of viral pathogenesis and the
nature of the virus-host cell interactions.

Interactions between viruses and cells can
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generally be divided into three main groups,"8
permissive, non-permissive transformable, and
non-permissive non-transformable, depending
on the particular virus and cell involved.
Permissive infection results in the synthesis of
episomal viral DNA, RNA, and proteins and
the assembly and release of viral particles. As
different cell types are permissive for different
viruses, this leads to an apparent tropism of the
virus for particular cell types."8 The produc-
tive functions of papillomaviruses, including
vegetative viral DNA synthesis and the expres-
sion of late viral genes that encode capsid
proteins for virion assembly, are closely
associated with the programme of differentia-
tion of the squamous epithelial cells, so that
they have a specific tropism for squamous
epithelium.6"" It is only the differentiating
cells of the stratum spinosum and stratum
granulosum that permit productive viral
replication (permissive infection). This prob-
ably represents the major difficulty in estab-
lishing an in vitro cell culture system for1the
propagation of these viruses.
Non-permissive non-transformable interaction
describes cells which are not only non-permis-
sive but can also never be transformed by a
particular virus. This type of interaction may
represent the most common type-that is, a
given virus cannot infect or transform most of
the cell types in one organism."8
Infection of non-permissive cells can result in
cellular transformation. This transformation
occurs as a rare event and often seems to result
from the integration of viral DNA into the host
genomes. The integration of viral DNA may
induce the loss of viral and cellular functions
and subsequently alter the phenotype of the
cells. Non-permissive cells are often very
similar to permissive cells, but possibly lack
particular functions or the intracellular micro-
environment required by the virus."8 It is
generally believed that the cells of the basal
layer are the target for papillomavirus infec-
tion. The viruses may get direct access to basal
cells exposed in a wound or abrasion. Because
the appropriate environment is required for the
maturation of papillomaviruses, the basal cells
are the non-permissive cells for papillomavirus
maturation. During transit from the basal layer
to the surface the keratinocyte undergoes a
series of complex changes. These changes
provide the appropriate intracellular micro-
environment for productive viral replication
(permissive cells).' Morphological changes
caused by papillomavirus infection are believed
to occur through an abnormal metabolism and
proliferation of the infected cells, and are likely
to be associated with the expression of certain
viral gene products.'20
The mechanism by which papillomaviruses

induce oncogenesis is not known. Studies have
shown that (a) specific types of HPV (par-
ticularly HPV 16 and 18) are associated with
malignant tumours78 79 117 121; (b) the physical
states of papillomavirus DNA in precancerous
(episomal) and cancerous (integration) lesions
are different7083; (c) in productively infected
tissues (a wart)mRNA is transcribed from both
E and L regions, whereas only E region is

transcribed in non-productive infection ofhost
cells'; (d) the E6-E7 ORFs are specially trans-
cribed in cervical carcinomas and derived cell
lines2' 22; and (e) the same regions are required
in vitro for transformation of rodent cells and
for the immortalisation of human keratin-
ocytes.2' 24
During the past few years, evidence has been

accumulating which points not only to a direct
role for E6-E7 gene expression in the mainten-
ance of malignant phenotypes, but also to the
intracellular regulation ofHPV transcription in
normal cells which fails to function in cells
derived from malignant tumours.'22 23 These
data support the theory that failure of host cell
control of persisting viral genes promotes the
development of cancer in man.7779 124 A model
for this interaction has recently been proposed
by zur Hausen.79124 In his view the develop-
ment of malignancy requires at least three
steps: (i) uptake and persistence of viral DNA;
(ii) inactivation of the first copy of the specific
host gene coding cellular interfering factors;
and (iii) subsequent inactivation of its allelic
counterpart. Integration of viral DNA into
certain sites of the host cell genomes may
represent a fourth event. Cellular interfering
factors in normal proliferating cells regulate the
transcription of viral E gene. Inactivation of
cellular interfering factor genes probably
caused by other carcinogenic agents (synergis-
tic effects), leads to the activation of certain
viral E genes and transcription of viral transfor-
ming factors; the latter may induce the malig-
nant transformation of the infected cells. This
hypothesis offers an explanation for the basic
properties of viral oncogenesis in man, such as
the long interval between primary infection
and appearance oftumour; the small number of
infected subjects in whom cancer develops; the
synergistic effects between virus and other
cofactors, as well as the monoclonality of the
tumours. 77-79 124

Conclusion
During the past few years, numerous studies
have shown that specific types of
papillomaviruses may have an important role in
development of squamous cell carcinoma, es-
pecially in the anogenital tract, in epider-
modysplasia verruciformis, and in the larynx.
Current data suggest that squamous cell car-
cinogenesis seems to have a multifactorial
aetiology, and that papillomavirus infections
are required but not wholly responsible. The
malignant conversion of benign lesions in-
duced by papillomavirus requires the synergis-
tic actions of physical, chemical, or other virus
infections. Many details of the molecular
mechanisms, however, still remain to be clari-
fied. The major difficulty in elucidating the
role of papillomaviruses in oncogenesis has
been the lack of an appropriate in vitro culture
system. Improvement of in vitro assay should
aid the study ofthe biology ofpapillomaviruses
and their interaction with squamous cell dif-
ferentiation and transformation.

I thank Dr Stina Syrinen and Professor Kari Syrjinen for their
critical comments on this manuscript.
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