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ABSTRACT

The study of retroviruses has had a profound impact by unveiling an unusual form of viral replication: the
multiplication of RNA viruses via a proviral DNA, for which Jan Svoboda provided the experimental model over
forty years ago. In 1970 Temin, Mizutani and Baltimore discovered that this group of viruses contains a unique
enzyme catalysing the synthesis of a DNA copy of the viral RNA: reverse transcriptase (RT). The discovery of RT
has itself had an enormous impact on molecular biclogy in general, but also stimulated many premature claims of
its detection in human disease. Claims by Gallo’s laboratory that the cytoplasm of human leukaemia cells
contained RT provéd to be unfounded, as did his report in collaboration with Weiss that myeloid leukaemia
contained HL23 virus, this organism proving not to be human but a laboratory contaminant of three monkey
viruses. Conclusive demonstration of a retroviral involvement in human leukaemia was first provided in 1981 by
Hinuma and his associates, showing that adult T-cell leukaemia (ATL), a rare form of leukaemia endemic to
south-west Japan, is caused by a new retrovirus (ATLV). Other publications in December 1980 and through 1981
claimed the discovery of a new human T-cell leukaemia virus involved in mycosis fungoides (MF) and Sézary’s
syndrome (SS). This virus was termed HTLV by Gallo. The nucleotide sequence of ATLYV is strongly conserved,
that of my 1983 isolate from a black British ATL patient being practically identical with the Japanese virus
isolates.

After AIDS was recognised in 1981 by Gottlieb and coworkers as a new human disease, several papers
were published by Gallo and his associates during 19834, invoking the oncovirus responsible for adult T-cell
leukaemia as the cause of AIDS. In 1983 the French scientist Barré-Sinoussi and her colleagues succeeded in
isolating a new agent in the disease, a lentivirus, which they named LAV. The French immunologist Klatzmann
and his colleagues discovered that LAV killed CD4 + T-cells, furnishing an explanation for the pathogenesis of
AIDS and providing a mechanism for how AIDS developed. For some time Gallo continued to suggest leukaemia
virus involvement, claiming that his independent isolate of the AIDS virus, termed HTLV-III, was closely related
to HTLV-I (the Japanese ATLV). Although this created considerable confusion among researchers for a period,
the relationship was eventually disproved. Unlike ATLV, whose nucleic acid sequence is very stable, the AIDS
virus (now termed HIV by international agreement) is extraordinarily unstable, the sequences of independent
HIV isolates being quite unique: this made it possible to establish conclusively that both HTLV-III and another
independent isolate CBL-1, from Weiss’ laboratory, were actually LAV isolates from the French laboratory.

It has been shown by Hayami and his associates that only African primates are infected with similar lentiviruses
to HIV which explains why AIDS started in Africa. Further research has clarified the origin of HIV-1 to be a
chimpanzee lentivirus and HIV-2 to be the sooty mangabey lentivirus, which began to spread in humans perhaps
no more than fifty years ago. The infection has spread rapidly, primarily through sexual intercourse, but also by
transmission through blood and its products as well as contaminated needles and syringes. Sexual intercourse has
now spread the virus around the World; and there are probably some 70 million infected. 90 % of those infected
with HIV develop the deadly disease of AIDS within ten years of infection: the death toll from the disease has
been enormous. By contrast, HTLV-1 has been infecting man in isolated areas probably for hundreds of years;
but it has not spread widely. HTLV causes leukacmia in only less than 1% of those infected.
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The prime mode of transmission of HTLV-1 is between mother and neonate; infections can be reduced by
stopping breast-feeding by infected mothers. The isolation of HIV enabled screening tests to be developed for
contaminated blood. However, due to the peculiar biology of HIV infection, unfortunately all efforts to develop
an effective vaccine have so far failed.
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CONTENTS
T INEPOAUCHON ettt e b bbbt bt a b n s aen s 913
IL, LEUKACIIIIA  1ovvvoeeicieeeiieeie ettt 2ttt s bbb bbbt a s bt s 913
(1) Transmission of IeUKACIIA VITUSES  .oioiviiiiriiiiiiincnin et 914
(2) Isolation of animal retrovirus from human leukaemic cells: HL23 virus ..o, 915
(3) Human T-cell malignancies ..ot 916
(@ Adult T-cell leukaemia virus and disease 916
() Transmission of ATLV/HTLV ... ' 916
(¢) Pathogenesis ... 917
(d) Molecular biology of HTLV ..t 917
(& Studies of adult T-cell leukaemia in the United Kingdom ..o 917
(f) Mycosis fungoides/Sézary’s syndrome/human T-cell leukaemia virus (HTLV) ... 918
(8) HTLV-ID ettt bbbttt en st nn e nanas 919
ITI. ATDS: @ NEW QISEASE  trveveviiereeitctcetniee sttt ettt b e st a s st e et b e e ers e s 919
(1) The viral origin and the background to claims about priority ... 919
(2) Origin and spread of AIDS 920
(3) HIV infections .....c.ccccrvene 921
(@) Sexual INfection ... 921
(6) Transmission by blood and its products 921
(¢) Transmission to the newborn ......cccccceeueeaes 921
(d) Saliva and other body fluids ...................... 922
(4) Cellular tropism ....c.coooeureeireccerrcrecrcnreereenne 922
(@) PIIMATY TECEPLOTS  ecveviririecuetrermereeretsisssset s sies st nsssesbat s o ssssasse bt st s sasae b sesenaraasases 922
() SECONAATY TECEPLOTS  vivivriecriiririt ettt n s sae s eses 922
{¢) Infection of CGD4 negative cells 922
(5) Events following HIV Infection ...t s 922
(6) Genetic heterogeneity of HIV e 922
(7) Immune response to HIV INfECHON i 922
(a) Cell-mediated immunity w923
(6) Humoral immunity ........... v 923
(¢) Neutralising antibodies 923
(d) Antibody-dependent cellular cytotoxicity (ADCC) oo 924
(8) Development of cancer in HIV-dISEase ..o 924
(9) ANTFHIV dIUZS oottt et s bbbt 924
(a) Reverse transcriptase INIIDIEOTS oot e 924
() Protease inhibitors and highly active antiretroviral therapy (HAART) ..o 924
(10) Passive immunotherapy (PIT) ..o 925
(11) Neutralising monoclonal antibodies ... 925
(12) Therapeutic plasmapheresis ..o s 925
(13) Combining strategies to prolong the latent period 926
{(14) VACCINES ittt ettt bebs 926
(13) HIV=2 ettt es et st 926
IV. Blind alleys in retroviruses of human leukaemia and AIDS 927
(1) Reverse transcriptase in human leukaemia ... 927
(2) Adult T-cell leukaemia and HITV w927
(3) HTLV-IV ettt bbbt 927
(4) The domestic history of earlyAIDS research ..o 927
V. Closing TeflECHIONS  .oucuouiireieriiiricreriree ettt e bbb 928
VI CONCIUSIONS 1ottt ca e s cm e sb bbb s bR s b st s e s en e s na st s 928
VL ACKNOWIEAZEIMENTS  .vivceiititiiiicirierir ettt eae ettt eb sttt sr s s sb et 929

VIIL RETETEIICES  tnviiiiiie ittt sttt et e et e e s sateete e s s e s s e aseteatsenbeereesnasessaesbasarsaassaasseasseasbansseansesstessbessnananenenensenn 929



Human retroviruses mn leukaemia and AIDS

I. INTRODUCTION

The title of this article covers two entirely different diseases.
Leukaemia is a cancerous growth of the white blood cells;
the virus found to cause adult T-cell leukaecmia (ATL)
transforms thymus (T)-derived blood lymphocytes so that
they proliferate uncontrollably; it is a very rare disease, the
virus not being readily transmitted. By contrast, the viruses
responsible for acquired immune deficiency (AIDS) have a
deadly (cytopathic) effect on susceptible T-cells, and they
are far more infectious: during the past twenty years, it is
estimated, approximately 70 million people have become
infected; well over 20 million have already died and the
disease is continuing to spread rapidly. Two reasons justify
reviewing these two diseases together.

The first is that the virus found to cause ATL and the two
viruses that cause AIDS belong to the large family of retro-
viridae, enveloped RINA viruses that contain an enzyme
reverse transcriptase (R'T), that enables this group of viruscs
to replicate through a proviral DNA. The leukaemogenic
virus belongs to the oncoviridae subgroup of retroviridae,
while the AIDS-causing viruses belong to a distinct sub-
group, the lentiviridae.

The second, historical, reason 1s that during the early
years of AIDS research the causative agents of AIDS
and adult T-cell leukaemia were persistently confounded,
notably through numerous publications of Robert Gallo
and his associates (Essex et al., 1983a; Gallo et al., 1983;
Gelmann et al., 1983; Schupbach et al., 1984 4) who claimed
that the virus causing ATL was also involved in the devel-
opment of AIDS. This overshadowed work by French
researchers reporting the isolation of another retrovirus
(Barré-Sinoussi ¢t al., 1983). Even after the viruses had been
conclusively shown to belong to distinct subgroups, pub-
lications of the Gallo group continued to maintain that the
agents were very closely related and warranted using
HTLV-3, human T-cell leukaemia virus-3, as a designation
for the AIDS virus (Sarngadharan ef al., 1985), as if it were
a variant of HILV-1, the virus that causes adult T-cell
leukaemia.

The reasons why this field of virus research developed
in a rather unusual way had much to do with some of the
personalities involved, and there remain many unsatisfac-
tory aspects and unanswered questions about the early
years of AIDS research. Unfortunately the significance of
the matter extended beyond academic squabbling over
scientific priority, because it was an early priority to intro-
duce a screening test for the virus in dealing with AIDS.
However the regulatory bodies responsible for validating a
new screening test could not act before there was a consen-
sus between scientists as to the causative agent: the con-
tinuing dispute delayed this process. Thousands of people
who may otherwise have escaped will have been infected as
a result.

Gallo’s laboratory succeeded n propagating an isolate
of the AIDS virus which has been subsequently proven
scientifically to be one they had received from the Institute
Pasteur in Paris (Montagnier, 1984) giving it the designation
HTLV-3 instead of the French name, LAV (lymphoadeno-
pathy-associated virus). HTLV-3, significs a variant of
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human T-cell leukaemia virus and thus using this name
initially implied that this was a different virus. A US patent
for the screening test granted to Gallo gencrated lucrative
royalties and Gallo has continued to receive numerous pri-
zes as the co-discoverer of the virus that causes AIDS.

In this review I concentrate on the published record to
evaluate the data on their scientific merit. The first part
deals with the leukaemia viruses, because most of the funda-
mental biology and molecular biology of retroviruses was
unravelled during early studies of those viruses.

II. LEUKAEMIA

In 1908 the Danish veterinarians Vilhelm Ellerman and
Oluf Bang showed that leukaemia in chickens was trans-
missible by cell-free filtrates and was thercfore presumably
caused by a virus (Ellermann & Bang, 1908). This was the
first virus-induced malignancy to be discovered. Then, in
1911, Peyton Rous showed that a sarcoma in chickens could
be transmitted by a cell-free filtrate, indicating that it too
was due to a virus (Rous, 1911); he also pointed out that the
presumptive agent always caused the same type of tumour
in the chick and must therefore carry specific genetic infor-
mation. Subsequently it was shown that sarcoma viruses are
essentially leukaemia viruses that have additional trans-
duced cellular oncogenes. Rous was so much ahead of his
time that for several decades his work was unrecognised; it
was not until 1966, at the age of 86, that he reccived a Nobel
Prize for the work he had done 55 years earlier.

The next major milestone was the discovery by Ludwik
Gross in 1951 of the mouse leukaemia virus (Gross, 1951).
This discovery changed the climate of opinion. Not only did
it revive interest in chicken leukaemias and sarcoma, but
it started a search for possible viral involvement in other
animal leukaemias and sarcomas and the first extensive
scarch for viruses involved in the development of the cor-
responding human malignancies. During the past 30 years,
viruses have been found to be involved in the development
of leukaemias in an increasing number of animal species.
Notable discoveries have included viruses responsible for
leukaemia in cats { Jarrett ef al., 1964) and cattle (Miller ez al.,
1969). The first isolation and demonstration of a virus
involved in the development of leukaemia in subhuman
primates was accomplished in the gibbon (reviewed pre-
viously by Karpas, 1989). In 1981 the first conclusive evi-
dence of the involvement of a virus in human adult T-cell
leukaemia was published (Hinuma e/ al., 1981).

The carly studies of the animal leukaemias and sarcomata
revealed that they contain RNA as their genetic material,
and that they are produced in the cytoplasm of the infected
cells whence they are usually released through the mem-
brane of infected cells by a process which has been described
as budding. The studies by the Czech scientist Jan Svoboda,
who infected rats with the Rous sarcoma virus (RSV),
enabled him to determine not only that the virus caused
the development of a sarcoma in the infected rats but also,
more fundamentally, to suggest that this RNA virus prob-
ably replicated: through a proviral DNA. In contrast to
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the chicken sarcoma that produced infectious RSV, the rat
sarcoma did not yield infectious virus. However, by co-
cultivating rat sarcoma cells with chicken cells infected with
the leukaemia virus Svoboda was able to recover an infec-
tious RSV (Svoboda, 1960, 1961, 1962, 1964). Those early
experiments provided at least two fundamental obser-
vations. Firstly, that the sarcoma and leukaemia viruses were
genetically closely related; and the leukaemia viruses could
readily complement the defective genome of the sarcoma
viruses. Thus an infectious sarcoma virus was basically a
leukaemia virus containing an additional gene, the Sarc
gene, that enabled the & vitro and i vivo transformation of
fibroblasts. Secondly and most importantly, the persistence
of the sarcoma genome in virus-negative rat XC cells dem-
onstrated that the Rous sarcoma virus RNA genes must be
retained in the cells in a proviral DNA form. This was long
before reverse transcriptase (RT) was discovered. In order to
prove his hypothesis Svoboda initiated with his Czech
compatriots, Hill and Hillova an experiment to try to prove
that the nuclear DNA of the RSV-transformed rat cells
contained the proviral DNA of RSV. Regrettably the in-
itiation of these experimental studies coincided with the
Soviet block invasion of Czechoslovakia in 1968. Hill and
Hillova fled to France but subsequently were able to restart
their research in Paris. The results of their experimental
studies confirmed that the genctic material of RSV was
carried in an integrated proviral DNA within the nucleus
of the RSV-transformed rat cells (Hill & Hillova, 1972).
Chicken cells that were trangfected with nuclear DNA from
the RSV-transformed, but virus- negative rat cells yielded
infectious RSV. Subsequently, we were able to extend
those observations to mammalian retroviruses (Karpas
& Milstein, 1973). The experimental studies of Hill and
Hillova confirmed Svoboda’s earlier pioneering observation
and suggestion that the genetic material of RNA tumour
viruses must be integrated within the nucleus of the infected
cells in a DNA form. The explanation as to how an RNA
virus can be transcribed into DNA was provided by Temin
and Mizutani (1970) and independently by Baltimore (1970)
when they showed that the chicken leukaemia viruses
contain a unique enzyme, which Temin named RNA-
directed-DNA-polymerase and was subsequently renamed
Reverse Transcriptase (RT). Thereafter RNA viruses that
contain RT were grouped together under the name ‘retro-
viridae’. This group was further subdivided into three
subgroups.

(1) Oncoviridae: morphologically consisting of four dis-
tinct particle types: A-, B-, C-, and D-type. Many members
of this group have been shown to be oncogenic in numerous
species in nature, ¢.g. the G-types producing hematological
malignancies (leukaemias/lymphoma) and sarcomata or
B-types producing mammary carcinomas.

(2) Spumaviridae: also called foamy viruses, often isolated
in primary cell cultures, causing cytoplasmic vacuolisation
and cell degeneration in tissue culture. Morphologically, the
foamy viruses resemble oncoviruses, but are not yet known
to be the causative agent of any disease.

(3) Lentiviridae: also called slow viruses, often cytopathic
to the cells in which they replicate. Viruses belonging to this
group are known to cause slowly progressive disease in some
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Fig. 1. Electron micrographs of ultra-thin sections of virus in-
fected cells. (A) Cell infected with ATLV/HTLV-1 causing
adult T-cell leukaemia. It has a C-type oncovirus morphology
of an enveloped electron dense round core. (B) Budding of
HIV-1 from the cell membrane. This stage of the virus cycle is
indistinguishable from that of C-type oncoviruses. (C) HIV-1
with an enveloped bullet shaped central core which is typical of
lentiviruses. Scale bar in G applies to all parts.

of the affected animals and AIDS in man. Morphologically
they are distinct from any of the oncoviruses (Fig. 1).

(1) Transmission of leukaemia viruses

Under natural conditions, leukaemia viruses are transmitted
by various modes in different animal species.



Human retroviruses in leukaemia and AIDS

In some species, such as the domestic cat, leukaemia is a
highly infectious disease, transmitted in much the same way
that humans catch cold. A cat not previously exposed to the
feline leukaemia virus (FeL.V) becomes infected on contact
with an infected cat secreting FelLV in its saliva. Some in-
fected cats develop an immunity to the virus and remain
protected from subsequent infection, others develop leu-
kaemia and die. In other species, such as the mouse, the
transmission 1s genetic. When mice from a strain with a
moderate incidence of leukaemia are inbred, the incidence
of spontancous leukaemia in their offspring increases
significantly. Continuous inbreeding between such mice
results in strains in which almost all the mice eventually
develop leukaemia. However, leukaemia does not appear
in leukaemia-free strains of mice, even after continuous
experimental exposure to the virus from the time of birth,
including suckling from mice secreting the virus in their
milk. In the domestic chicken under natural conditions,
both contact and genetic transmission of leukaemia viruses
can occur (Gross, 1970).

Despite close physical assoctation between men and
cattle and cats in whom leukaemia is transmitted by contact,
epidemiological studies have not revealed any increase in the
incidence of human leukacmia. Furthermore epidemiologi-
cal studies on the incidence and possible transmission of
leukaemia in man have not revealed any transmission by
human contact. The vast majority of leukaemia patients are
found to be the single case within their family or particular
social surroundings (e.g. their school), although a few ob-
servations of a higher incidence of leukaemia within families
have been reported [up to 13 cases in one large family (Gunz
et al., 1978)]. One epidemiological study from the United
States presents evidence that when one identical twin de-
velops leukaemia there is a one in five chance that the other
twin will also develop the disease; but this was not confirmed
in a similar study in Great Britain (Till e/ a/., 1967). Another
study suggests that when leukaemia affects a non-identical
twin, the other twin’s chance of developing the disease is
probably increased (Miller, 1967).

These observations do not suggest that direct genetic
transmission of the disease 1s likely in humans, although they
would not be mncompatible with the existence of a trans-
missible predisposing agent. Further evidence for genetic
predisposition 1s the higher incidence of the disease in cer-
tain groups of people with genetic abnormalities. There is
a 20-fold higher incidence of leukaemia in children with
Down’s syndrome, a group noted for its lower resistance
to infections generally.

Suggestive evidence that leukacmia in humans may be
transmitted by viral genetic material has been reported by
Fialkow et al. (1971) and by Goh & Klemperer (1977) from
studies of leukaemic patients who had been treated by bone
marrow transplantation. In this form of treatment both the
leukaemic and the normal blood-forming cells of a patient
are killed by cytotoxic chemotherapy or irradiation before
a marrow transplant is given. The studies were conducted
on female patients who were transfused with compatible
bone marrow cells (those of a brother) to replace their own
leukaemic cells. The transfused male cells repopulated
the female patients’ blood-forming organs, and the patients
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went into remission. Analysis of the chromosomes of the
circulating blood cells showed that they were of donor —in
this case, male — origin. When the leukacmia recurred,
months later, analysis of the chromosomes of the leukaemic
cells showed them to be the male donor cells. Whereas
the donors (brothers) remained healthy, their transplanted
white blood cells (WBC) had become leukaemic in their
sisters. Fialkow et al. (1971) suggested that an @ vivo trans-
mission of a virus had occurred.

In general, epidemiological studies point to a greater
than average incidence of leukaemia in persons affected by
genetic abnormalitics or cxposcd to radiation. However,
since most radiation-exposed individuals do not develop
leukaemia, it is not unreasonable to suggest that if pro-
viral DNA is an essential cofactor in the development of
leukaemia, such genetic material is probably present only
in a small percentage of the population.

Attempts to i1solatec a human virus by injecting leukaemic
material into experimental animals have proved fruitless;
therefore, investigations have been largely confined to
studying human leukacmic cells 2 vitro. Repeated cfforts by
numerous researchers in the United States and Europe
to isolate a retrovirus i vitro directly from fresh human
leukaemic cells have been unsuccessful. However, the failure
to isolate a virus directly from fresh leukaemic cells of the
most common types does not rule out the possibility of viral
involvement in the development of the discase. It has been
shown in some animal leukaemias that leukaemic cells that
do not release virus m vivo may eventually do so, after pro-
longed i vitro culture. The virus may be produced either
spontaneously or on induction by a chemical agent such
as iododeoxyuridine (IUDR), a halogenated pyrimidine
nucleoside.

(2) Isolation of animal retroviruses from human
leukaemic cells: HL23 virus

Following the discovery of RNA-directed DNA polymerase
(reverse transcriptase) a number of reports on the isolation
of retroviruses from fresh and wm wvitro cultured human
leukaemic cells appeared. They subsequently turned out
to be animal retroviruses and thus usually were accepted as
accidental laboratory contamination. A human retrovirus
designated as HL23 (for human leukaemia) virus was iso-
lated from fresh leukaemic cells by Gallagher and Gallo
(1975). In a second publication Weiss’ group together with
Gallo stated that “although closely related, the HL23V-1
virus and SSV [simian sarcoma virus| are not identical ...’
and that ‘genomic differences do exist between HL23-]
(A-204) and SSV ...” (Teich et al., 1975). Two groups of
investigators (Ohino o al., 1976; Okabe ¢ al, 1976),
prompted by these publications, were able to establish that
the virus in question was a mixture of several monkey
retroviruses, the gibbon leukaemia virus and its sarcoma
counterpart, simian sarcoma virus (SSV) as well as the
baboon endogenous virus (BaEV), which is a distinct pri-
mate retrovirus. In further reports it was claimed that fresh
human acute myeloid leukaemia cells contained baboon
endogenous virus (BaEV) sequences (Wong-Staal, Gillespic
& Gallo, 1976); another study by Weiss’ group reported


































































