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winners, such as the vasodilator minoxidil used topically26 and,
of course, the ubiquitous treatment with ultraviolet A and
psoralens.27 Hope springs eternal in the human scalp.
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Regular Revziew

Human cancers and human viruses

A P WATERSON

Many animal tumours are known to be transmissible by viruses,
or, as Peyton Rous1 put it 70 years ago, "by an agent separable
from the tumor cells." They are a mixed bag: The Rous
sarcoma in fowls, the mammary carcinoma and Gross leukae-
mia in mice, the alimentary papilloma and its associated carci-
noma in cows, and leukaemias in several species. There are
even some human viruses-for example, some adenoviruses-
which cause tumours in other species. The viruses causing
animal tumours are either double-stranded deoxyribonucleic
acid (DNA) viruses or members of a group of ribonucleic
acid (RNA) viruses termed retroviruses, because their RNA
can be transcribed, so to speak, "backwards" into DNA. In
either case the viral DNA is then integrated with the host-cell
DNA2 and is replicated in step with it. Malignant transforma-
tion is closely correlated with this integration ofthe viral DNA.
The phenomenon of viral oncogenesis in animals is so well

established that it would be surprising if there were no
counterpart in human disease. In fact, in addition to the benign
tumours which are caused by viruses, such as the common
wart, evidence is growing of malignancies that are attributable
to DNA viruses similar to those of animals, and recently a type
of human leukaemia has been reported to yield a retrovirus

similar to the leukaemia viruses ofother vertebrates, the human
T-cell leukaemia virus. This has been isolated from patients
with mycosis fungoides3 and Sezary syndrome,4 both of which
are dermatological variants of human T-cell leukaemia.
No one is suggesting, however, that human cancer in general

is induced by viruses; we must avoid what Klein5 has termed
"the ever-present occupational risk of the cancer researcher:
generalisation." Nevertheless, evidence linking some DNA
viruses with human cancers cannot easily be ignored. Hepatitis
B virus has been shown to be a cause of primary hepatocellular
carcinoma and Epstein-Barr virus a cause of Burkitt's lym-
phoma and nasopharyngeal carcinoma; cytomegalovirus
may be implicated in Kaposi's sarcoma; and human papilloma-
viruses may cause some skin cancers. Even the close association
of a virus with a particular neoplasm does not necessarily
mean, however, that it has caused that neoplasm, and several
requirements should be fulfilled.6 Thus, firstly, the virus (its
antigens or its nucleic acid) should be found in the tumour
cells. Integration of viral with cellular DNA may precede
transformation by some time, but the finding of viral DNA
integrated with the cellular DNA is at least highly compro-
mising evidence for the role of the virus. Antibodies to viral
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antigens should occur more frequently or at higher titres in
patients with the tumour than in controls. The virus should be
capable of transforming normal cells of the same species in
vitro and should be capable of inducing tumours in studies in
animals. Epstein6 has emphasised an additional complementary
approach, that direct proof of oncogenicity in man can be
obtained only by evidence that vaccination against the virus
decreases the incidence of the tumour.

The human T-cell leukaemia virus was isolated in the first
place by Gallo et al3 from two patients with forms of T-cell
leukaemia. The particles did not appear until the cells were

grown in culture, and sera from both patients reacted with the
major core protein of the virus (which resembles bovine
leukosis virus but is not related to it serologically). That such a

virus is infectious-and hence can transmit cancer-has been
shown by Hinuma and his colleagues,7 who have independently
in Japan identified a similar virus in an established malignant
T-cell line from an adult with an aggressive form of T-cell
leukaemia. When cultivated with human umbilical cord leuco-
cytes their leukaemia cell line transforms these cells into a virus-
producing line of cells, recognisably different from T cells in
that they can grow in culture in the absence of T-cell growth
factor. Not all patients with T-cell leukaemia yield the virus,
which appears to be associated with a rapidly progressive form
of the disease. A search in the general population for antibodies
such as those found in Gallo's patients has proved unrewarding.
There is evidence of a clustering of cases of the Japanese T-cell
leukaemia in two cities according to place of birth. These
findings provide convincing evidence that man is not unique
among vertebrates in that at least one form of leukaemia may
with some certainty be ascribed to a virus.
The DNA tumour viruses of man have an easier task than

the retroviruses in that their DNA is "ready made" and does
not have to be transcribed from viral RNA. The part played
by the Epstein-Barr virus in the aetiology of Burkitt's lym-
phoma and of nasopharyngeal carcinoma has been recognised
for some years. This remarkable pathogen causes disease only
rarely on primary infection in childhood but in adolescence
or adult life gives rise to infectious mononucleosis. Neverthe-
less, it acts as a cause of Burkitt's lymphoma if some ancillary
factor (or factors) comes into play. This factor may be malaria,
which is not only immunosuppressive but also causes the
proliferation of B lymphocytes, in which the Epstein-Barr
virus grows. The DNA of Epstein-Barr virus is integrated into
that of the host cells of Burkitt's lymphoma, so that there are

strong grounds for supposing that Epstein-Barr virus is the
cause. The Epstein-Barr virus is associated also with naso-

pharyngeal carcinoma, and here a genetic factor in the host may
play a part. Epstein-Barr virus causes tumours in primates:
in marmosets,8 for example, the response ranges from
inapparent infection to production of a malignant reticulum-
cell lymphoma, and the incidence of tumours is increased by
immunosuppressive drugs. A new turn in the story of Epstein-
Barr virus began when it was shown that a lymphoma occurring
in a patient after organ transplantation (with its subsequent
immunosuppression) yielded evidence of the Epstein-Barr
nuclear antigen in cells of the tumour.9 This patient had re-

ceived cyclosporin A, but further cases have been reported
of Epstein-Barr-virus-associated lymphomas in patients who
have had transplants but have not received this drug.

Another tumour, and a rare one, which is now associated
with an infectious agent is Kaposi's sarcoma. This tumour has
been occurring at what is, for the United States, an unusually
early age in an unusually generalised form with an unusually
rapid progression, together with pneumonitis caused by organ-

isms which behave as pathogens only in immunosuppressed
patients.10 11 Is there a common cause for the immunosuppres-
sion and the neoplasm ? Cytomegalovirus, which like Epstein-
Barr virus is a herpesvirus of man, is a suppressor of cellular
immunity and may well be the herpesvirus seen by electron
microscopy in cell cultures of Kaposi's sarcoma cells.'2 Further-
more, the DNA and early antigens of cytomegalovirus have
also been found in Kaposi's sarcoma cells,1' andfar morepatients
with Kaposi's sarcoma than controls have antibodies to cyto-
megalovirus.Y Almost to a man, homosexuals show evidence
of past or present infection with cytomegalovirus.'5 The pre-
sence of the virus might therefore explain both the immuno-
suppression and the oncogenesis. This is a tidy concept but it may
be by no means the whole picture: some drugs, euphemistically
dubbed "recreational," may have an immunosuppressive role
in what has been termed the "gay compromise syndrome."'16

Hepatitis B virus causes acute hepatitis, but its more sinister
side is the frequency with which this is followed by chronic
active hepatitis and cirrhosis. Its part in causing primary
hepatocellular carcinoma had been suspected for some years,
but overwhelming support is now available from evidence based
on epidemiology and molecular biology.'7-19 As long ago as
1970 patients in Mediterranean countries with primary
hepatocellular carcinoma were found to have a higher incidence
of serum hepatitis B virus surface antigen (HBsAg). Now a
survey of over 20 000 male civil servants in Taiwan has shown
that the incidence of primary hepatocellular carcinoma in
those who were HBsAg-positive was 223 times that of
those who were HBsAg-negative.20 Next, the DNA from
hepatitis B virus has been shown to be present in the tissue of
primary hepatocellular carcinoma and to be integrated with
cellular DNA.2' If hepatitis B virus is indeed a major contri-
butory cause of primary hepatocellular carcinoma, there is at
hand an opportunity to prevent by vaccination one of the
commonest cancers of the world, since vaccines against
hepatitis B are now well off the drawing board. A fascinating
side light is thrown on hepatitis B virus by a corresponding
virus of the American woodchuck (Marmota monax). A colony
of woodchuck in Philadelphia with a high mortality from pri-
mary hepatocellular carcinoma has a virus closely resembling
hepatitis B virus.22
The human wart viruses, or papillomaviruses, have come

under intensive scrutiny of late.2' 24 They have long been
known to cause benign papillomas of the skin, larynx, and ano-
genital region. Malignant change has been reported in laryngeal
papillomas, in genital warts, and in a rare form of skin papil-
loma, epidermodysplasia verruciformis.2' The cervix uteri
may show infection in the form of papillomatous lesions, but
more commonly as flat areas (flat condylomata), many of which
in the past must have been taken to be areas of dysplasia26 or
perhaps missed altogether. Virus particles have been seen in
thin sections of these lesions and identified as human papil-
lomavirus by negative staining.27 The cells have a typical histo-
pathological appearance, and human/papillomavirus antigen
may be detected in them by the immunoperoxidase technique.
Nevertheless, neither the particles nor viral antigen have been
found in carcinomatous tissue. Even so, the human papilloma-
viruses must inevitably fall under suspicion as a cause of
cervical carcinoma, and the outcome of further work, particu-
larly the search for viral antigens and deoxyribonucleic acid
in the tumour cells, is awaited. In addition, the infecting type
of human papillomavirus may be important: using restriction
endonucleases, Orth28 et al have shown that there are at least
eight types of human papillomavirus, some of them divisible
into subtypes. Preliminary work suggests that human papil-
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lomavirus-5 may be important, though not necessarily
unique, as an agent of malignant transformation. It is the one
recovered from cancers developing in epidermodysplasia
verruciformis, though other types with less malignant potential
may prove to be the ones usual in cervical lesions. Be that as it
may, human papillomavirus has at least as much likelihood
of being incriminated as Herpesvirus hominis (herpes simplex),
for much epidemiological and serological work has so far
failed to transform suspicion into certainty. RNA comple-
mentary to herpes virus DNA has been found in cervical
carcinoma29 in a study which is statistically highly convincing,
and whose authors give reasons for supposing that the RNA
was not there in association with replicating virus but playing
some more elaborate and perhaps less innocuous part.

In a virological context one further point of considerable
interest is that two out of the four DNA viruses under review
(hepatitis B virus and human papillomavirus) have not been
grown in any artificial culture system. It is a tribute to present-
day molecular biology that so much can be learnt from human
material and from the comparative study of animal systems
without this facility. Even the other two (Epstein-Barr virus

and cytomegalovirus) can scarcely be called ideal model viruses.
At least some human cancers are therefore caused by viruses,

but not all-and perhaps not even more than a small minority.
Almost certainly other factors come into play as well as the
virus-for example, the genetic constitution and the immune
state of the patient. Nor can it be expected that the virus-cell
relation will be simple, and any parallels with acute cytolytic
virus infections are sure to be naive. For example, any fears
that cancer, in the broad sense, is "infectious" can probably be
allayed, though it is true that the acquisition of hepatitis B
virus is tantamount to the acquisition of a chance of developing
primary liver cancer.

Scientifically, the chief importance of these findings is that
at the molecular level they open a door into the larger world of
human cancers as a whole and not just those which are caused
"by an agent separable from the tumor cells." Rous would
have been fascinated.
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