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Glossary

PBS
EDTA
Tris
KCl
Tween
SSPE
SDS
Triton X-100
PHA
PMA
SscC
TTP
DTT
HTLV

HIV

HTLV-III
T4

Ch4

phosphate buffered saline

ethylene diamine tetra acetic acid

tris (hydroxynethyl) amino methane

potassium chloride

polyoxyethylenesorbitan

saline - sodium phosphate EDTA buffer

sodium dodecyl sulphate

trade name for varimine polyoxyethylene ethers
phytochaemagglutinin

phorbol 12-myristate 13-acetate

sodium chloride (3M) 0.3M Naj citrate

deoxythymidine 5 triphosphate

di-dithiothreitol

human T cell lymphoma/leukaemia virus

human immunodeficiency virus, which covers all isolates.
Specific nomenclature is used for individual isoclates
eg. HTLV-III, LAV

islate of HIV where L stands for lymphotropic

refers to the gene

refers to the antigen coded for by the T4 gene




ABSTRACT

HUMAN RETROVIRUSES

Retroviruses have been associated with numerous disease states in animals
since the turn of the century. Until recently human retroviruses had
remained elusive. With the discovery of the human T-cell leukaemia virus
(HTLV-I) and the establishment of its aetiological role in the adult T-cell
leukaemia-lymphoma syndrome, a variety of new approaches to the isolation
of human viruses from other diseases was possible. This thesis describes
studies on the host cell range of HTLV-I as well as the human
immunodeficiency virus (HIV) isolates obtained from AIDS and AIDS related
patients. Whereas the receptor for HTLV-I remains elusive, adoption of the
same techniques to HIV showed that the T4 (CD4) molecule behaved és the HIV
receptor. Studies are described to confirm this observation whereby the
cloned T4 gene was transfected into a variety of cell lines resulting in
human cells being rendered infectable with HIV. Further studies show that
only a part of T4 is required for infection and that this is best defined
by the Leu 3a epitope. Whereas poor and variable neutralization of
different HIV isolates was found, all known isolates studied so far appear
to use T4 as their receptor. This has obvious implications for tréatment
and vaccine development in AIDS. Detailed serology of HIV both in London
and Africa is described including the linking of epidemic kaposis sarcoma
and slim disease with HIV infection. Original HIV isolations from slim
disease, AIDS and hypogammaglobulinaemia are described in detail. An
extensive search of other diseases revealed tantalizing evidence of new
viruses in a lymphoma and a sarcoidosis patient and the implications for

these and other diseases is discussed in depth.



Human retroviruses

I : Introduction and historical background:

Retroviruses are distinguishable from other RNA viruses in that they
possess a gene encoding an RNA directed DNA polymerase (reverse
transcriptase) which enables them to replicate via a DNA intermediate

(cellular provirus).

Retroviruses are widespread amongst vertebrate groups including fishes
(Mulcahy and 0'Leary 1970) and reptiles (Clark, et al. 1979). Different
groups of viruses may be distinguished on the basis of RNA genome homology
as well as the type of disease caused. For example avian retroviruses may
be classified into two major groups; the avian leukosis sarcoma virus (ASV)
and the avian reticuloendothelosis viruses (ARV). An additional unrelated
virus causes a lymphoproliferative disease in turkeys and may represent a
third group (Gazit et al. 1979). Whereas most murine retroviruses are
associated with the induction of leukaemias and lymphomas, some retroviruses
can also induce B cell proliferation with immunosuppression (Morse et al.
1986), mammary adenocarcinomas, lung adenocarcinoma, a variety of sarcomas
as well as neurological deficits such as hind 1limb paralysis. See Table 1.

With so many good animal models for so many human diseases of unknown
aetiology, it is not surprising to learn that the lack of identifiable human
retroviruses linked to disease was not due to lack of effort. Indeed so
many retroviruses were isolated from a variety of human malignant disease
which were to remain unsubstantiated that they became known as "human rumour
viruses”. 1In spite of these numerous false leads the first human retrovirus
linked to human disease was reported as recently as 1980 (Poeisz et al.
1980). Known as the human T cell leukaemia-lymphoma virus type 1 (HTLV-1)
its causal role in the adult T cell leukaemia—-lymphoma syndrome 1is now
clearly established. The known human retroviral isolates will be briefly
reviewed, as well as important events which resulted in the subsequent
isolation of HTLV-1.

Human retroviral isolates of unknown significance

Retroviruses are divided into three subfamilies: (1) oncoviridinae
including all oncogenic members and many closely related non-oncogenic
viruses including endogenous viruses: (2) lentiviridinae, the "slow" viruses
such as the visna virus and (3) spumaviridinae, the "foamy" viruses which
induce persistent infections without any clinical disease and vacuolization
of cultured cells. Until recently, the only definite human retrovirus
isolates were from the latter group. Foamy viruses have been isolated from
patients with nasopharyngeal carcinoma (Achong et al. 1971; Epstein et al.
1974). The relationship to disease is unclear, as the 'human' isolate is
closely related to the simian foamy virus (SFV) serotype 6 (Nemo et al.
1978). However, the suspicion that the Achong isolate represents a
non-human laboratory contaminant or a rare zoomnosis (Brown et al. 1978) has
been challenged by Achong and Epstein (1978, 1983) and Loh et al. (1977,
1980), on the ground that human sera from East and West Africa, as well as
the Pacific islands (where there are no non—human primates) react in
immunofluorescence tests with infected cells. It is possible that a virus
closely related to SFV-6 could represent a natural infection of humans, just
as monkeys are natural hosts to viruses closely related to the HTLVs and
HIVs. Several isolates have been obtained from patients with de Quervian
subacute granulomatous thyroiditis (Stancek et al. 1975) and again the
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relationship between virus and disease is unclear. However, examples of
retroviral induced diseases in animals abound. They are caused by exogenous
viruses presenting as endemic or epidemic infections. The viruses may be
transmitted horizontally or congenitally and infection 1is usually more
widespread in the affected population than is the incidence of disease.

The search for human retroviral isolates

Retroviruses may be detected by a variety of methods that include
electron microscopy (EM) reverse transcriptase (RT) assays, the detection of
known viral antigens, nucleic acid hybridization techniques, and the rescue
and propogation of retroviral particles (thus allowing serological studies).
Often evidence of retroviruses has been detected by one method only, and
hence further characterization has not been possible, EM studies have
suggested the presence of C-type particles in tissues and cultures from
patients with leukemia, sarcoma, and melanoma. However, they have also been
seen in normal embryonic tissue and normal placentas. B-type particles
resembling the mouse mammary tumor virus have been observed in milk and
normal mammary cells (Feller and Chopra, 1969; Furmanski et al., 1974).

RT activity similar to those of primate viral RTs have been reported in
acute and chronic leukemias (Gallagher et al., 1974; Van Muijen et al.,
1979), in myelofibrosis (Steel et al., 1977), in breast cancer (Axel et al.,
1972), in melanoma and other skin tumors, and in normal human placentas,
which occasionally produce retroviral-like particles visible by EM (Nelson
et al., 1978). Because RT activity cannot usually be detected in an
enzymatically active form until it has been proteolytically cleaved from an
inactive precursor during packaging into virions, one may not be able to
detect it in the absence of virions. An assay to detect both the enzyme and
high-molecular-weight RNA unique to retroviruses was therefore devised to
increase the certainty with which a positive outcome can be interpreted
(Schlom and Spiegelman, 1971). The assay led to positive results from
numerous researchers in a great variety of malignant conditions, results
that unfortunately have not been confirmed or further characterized since

the mid-1970s.

Viral antigens (p30 and p70) are often expressed in animal retrovirus
systems that do not produce complete virions, and antibodies to these
proteins have been used as "probes” to detect latent retroviral infection in
human cells. Positive results have been reported in a variety of malignant
tissues and in normal human placenta, using antibodies prepared against a
variety of animal retroviruses, especially the gibbon ape leukemia
virus-Simian sarcoma-associated virus (GALV-SSAV) groups, baboon endogenous
virus (BaEV), and the Mason-Pfizer monkey virus (MPMV). Molecular studies
using animal probes showed that although normal human DNA, like other
mammalian DNAs, has conserved cellular genes homologous to viral oncogenes
(Wong-Staal et al., 1981), no significant homology to animal B-type, C-type,
or D-type viruses was found (Bishop et al., 1974; Gallo and Wong-Staal,
1980), with the exception of sequences distantly related to the sequence of
BaEV (Benveniste and Todaro, 1974; Wong-Staal et al., 1976). More
recently, however, genetic elements bearing the structure of retroviruses
have been isolated from DNA libraries by their homology to murine leukemia
virus (MuLV) (Martin et al., 1981), BaEV (Bonner et al., 1982), or mouse
mammary tumor virus (MMIV) (Callahan et al., 1982). Several copies of these
endogenous sequences exist in the human genome and are polymorphic. Some
sequences represent full-length genomes, whereas other lack long terminal
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repeat sequences (LTRs) and other components of the genome (gag-pol-env).
These sequences contain the viral elements in a variety of combinations,
i.e., as incomplete viral genomes. Some human tumours express endogenous
retroviral-like genes, although whether or not they are causally related or
just amplified is still not clear. Testicular teratocarcinoma cell lines
have been shown to release C-type retroviral particles that are
immunologically unrelated to animal retrovirus strains, synthesized only in
a fraction of cells, and possess high molecular weight RNA (Boller et al.,
1983; Bronson et al., 1984; Lower et al., 1984, 1987). Interestingly,
choriocarcinoma cells are also reported to react with a monoclonal antibody
specific for the pl9 protein of HTLV-I (12/1-2) and a similar reactivity has
been observed in syncytiotrophoblasts, which, in addition, express the
retrovirus RD114 p30-related antigen (Suni et al., 1981, 1984).

In view of the difficulty of detecting retroviruses in human tissues, a
variety of agents that activate retrovirus production in animal systems,
such as the halogenated pyrimidines—iododeoxyuridine (IdU) and bromodeoxy-
uridine (BrdU), have been tried, with disappointing results. Similarly,
co-cultivation with "indicator”, cell lines has been used to rescue from
animal cells endogenous viruses that are otherwise very difficult to isolate
(Weiss et al., 1971). Again, various viruses have been rescued from human
tissues, but they remain poorly characterized; they may even be endogenous
viruses of the indicator cell line. Serological studies of human populations
have implicated Simian virus antigens that may be heterophile carbohydrate
moieties to which antibodies are ubiquitous in humans. High titers of these
antibodies are seen in Hodgkin's disease (Ebbesen et al., 1979), myeloid
leukemia, testicular teratocarcinoma, pregnancy, and in laboratory workers
handling of primate retroviruses (Kurth and Mikschy, 1978). Specific
antibodies capable of neutraliziang RT activity have been reported from
patients with myeloid leukemias; these antibodies have specificity for SSAV
(acute) and feline leukemia viruses (chronic) (Jacquemin et al., 1978).

Specific isolates

Certain isolates suspected of being of human origin have been clearly
shown to be of animal origin. RD11l4 is a virus "isolated” from a human
rhabdomyosarcoma passaged through the brain of a fetal kitten; it is now
known that human cells rescued a feline endogenous xenotropic C-type virus.
ESP-1 was isolated from a cell line derived from a lymphoma patient but
appears to be a xenotropic mouse leukemia virus variant selected for growth
in the human cell it contaminated. A virus isolated from Hela cells by
Zhdanov and his colleagues (1972) in Moscow turned out to be MPMV that must
have contaminated the Hela cells at some stage of their passage history.

Other retroviral detections in human tissue remain elusive. A
plethora of EM, RT, and hybridization reports suggest the presence of a
virus similar to MMTV and MPMV in human breast cancer tissue. It is
interesting that, even though there is little homology genetically between
these two diverse viruses, they do share common antigenic determinants on
their virion proteins. A paucity of both human breast cell lines and
confirmation of alleged retroviruses in their culture make further comment
speculative. If there is a hitherto undiscovered group of retroviruses
associated with human disease, the strongest contender for animal
relatedness could be the GALV-SSAV and BaEV groups. Investigators in
several laboratories have detected the presence of retroviral particles in
leukemia cells that, where they have been adequately characterized, appear
to be closely related to GALV-SSAV, with some components related to BaEV.
Similar viruses have not been obtained from normal bone marrow cultures.
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Such viruses include the HL23 virus, which was isolated from a patient with
acute myeloid leukemia (Gallagher and Gallo, 1975) and was shown to be very
close to a mixture of SSAV and BaEV. Suspected laboratory contamination
would appear unlikely, because further independent isolates were made; and
DNA prepared from the spleen of the patient at autopsy hybridized to BaEV
but not that of SSAV probe. Hybridization to BaEV RNA (but not to SSAV RNA)
has been reported for five out of eight myeloid leukemic patients but not
for normal subjects (Wong—Staal et al., 1976). Viruses isolated from a
patient with a lymphosarcoma that progressed to a leukemic phase and from
two children with acute lymphoblastic leukemia (Nooter et al., 1975, 1977)
are also very similar to SSAV and BaEV, although further detailed
characterization has not permitted definitive interpretation. Kaplan et al,
(1977, 1979) describes the production of C-type particles from 8 of 14
lymphoma cell lines. They are said to be able to transform human
hematopoietic cell lines in culture. Characterization of these isolates
again shows a close relationship to SSAV, GALV, and BaEV. Not all
SSAV/BaEV-like isolates are from malignant cells; HEL-12 was obtained by
Panem et al. (1975) from human embryonic fibroblasts, and antigens reacting
with anti-HEL-12 sera have been found in tissues from patients with systemic
lupus erythematosus (SLE) (Panem et al., 1976, 1978) and in villous stromal
cells from normal placentas.

The significance of the SSAV/BaEV human isolates

There has been an enthusiam by some authors to regard these isolates as
monkey contaminants, even though Nooter, Panem, and Kaplan had never
knowingly handled primary retroviral isolates before their discoveries.
Furthermore, the "primate” origin of the monkey viruses is not certain
(Weiss et al., 1985a). GALV was isolated from colonies of baboons that had
been inoculated with human tissues, and, moreover, little is known about
GALV infection in feral gibbons. Simian sarcoma virus (SSV) and SSAV were
first isolated from a New World woolly monkey that was a Californian pet in
close contact with humans and a gibbon (Thielen et al., 1971). BaEV, which
is clearly endogenous in the baboon, has already spread to other host
species, such as the adaptation by ancestral cats of the BaEV-related RDl1l4
virus, and may have done so in humans. The detection of retroviral-like
particles in normal placentas suggests the possibility of prenatal exogenous
viral infection in humans, an infection engendering immunological tolerance
similar to that seen in chickens infected with leukemia viruses.
Furthermore, characterization of some isolates makes it hard to interpret
whether both SSAV and BaEV or one virus related to both groups are present.
Studies by Schnitzer et al (1977, 1979) suggest that two viruses exist and
that productive infection is possible only when mixed infectiom occurs,
although reports of omne or the other isolate only being associated with
leukemia continue (Derks et al., 1982). It is possible therefore that if a
cofactor or helper virus 1s essential, then it does not have to be SSAV or

GALV.

In the light of the foregoing information, coupled with the close
similarity of not only the HTLVs and HIVs (see later) but also the more
distant homology of human endogenous sequences (Martin et al., 198l; Rabson
et al., 1983) to their monkey counterparts, the idea either that SSAV and
GALV are human viruses or that human counterparts of these viruses
(including BaEV) exist demands further investigation. There are still some




investigators who feel that a virus similar to SSAV is involved in human
leukemias, and these investigators are continuing their research in this
fascinating area (Maeda et al., 1986). Pseudotypes, or hybrid viruses, have
frequently been used to examine the host range and neutralization properties
of retroviruses in animals (Zavada, 1982). Recently this method has been
used to rescue presumptive viral information from human melanoma cell lines
by a helper oncovirus (the Harvey murine leukemia and sarcoma virus complex)
(Zavada et al., 1986). Further developments using this exciting technique
are eagerly awaited. Reasons to be optimistic about further advances in
"new" human retroviruses lie in the discovery of the human T cell
lymphotropic viruses, HTLVs and HIVs, which were first isolated seven
decades after retroviruses were described (Vallée and Carré, 1904;

Ellermann and Bang, 1908; Rous, 1911). More recently, human
teratocarcinoma-derived retroviruses have been genomically and enzymatically
characterized and shown to be different from MTLV and HIV (Lower et al.,
1987). Retroviral particles have also been described in patients with
psoriasis and continue to be characterized (Iverson et al., 1983).

HTLV-I

Two lines of enquiry led to the discovery of the first human T-cell
lymphotropic virus. One was the belief that such viruses existed and
therefore new methods of isolation and detection would need to be employed
to detect them, and the second was the recognition of a new disease entity
termed adult T cell leukaemia-lymphoma (ATLL) in Southern Japan (Uchiyama
et al. 1977; Tajima et al. 1979). The marked clustering of ATL and its
distinct clinical features strongly suggested a viral aetiology. As
C~-type particles had already been reported in patients with T cell
lymphomas (van der Loo et al. 1979) the viral hypothesis was tested by
looking for antibodies in the serum of ATLL patients against an established
cell line from one such patient (Miyoshi et al. 1979). All patients with
ATLL had antibodies against cytoplasmic antigens in Miyoshi's T cell line
(MT-1) as did 267% of healthy adults living in the endemic area as opposed to
only 27 in non-endemic areas. However, only after the isolation of HTLV-I
by Gallo and colleagues were C-type particles reported in MT-1 on EM and the
virus was therefore presumed to be aetiologically linked to ATLL and
therefore called the adult T-cell leukaemia virus (ATLV) Hinuma et al.
(1982). The infectivity of this virus was established in cocultivation
experiments with fresh cord cells which could be immortalised by ATLV
(Miyoshi 198la,b). Prior to this time Gallo and his co-workers had been
working on the theory that human retroviral particles were too few to be
detected by EM and therefore attempted to refine the reverse transcriptase
(RT) assay to detect purified DNA polymerases which seemed to have all the
properties of RT (Sarngaharan et al. 1972; Gallo et al. 1973). 1In order to
demonstrate their origin unequivocally (for they could have been unusual
cellular polymerases detectable because their number was increased in
diseased cells) a much larger number of the putative viruses were required.

Human cell lines are difficult to grow in the laboratory and it
therefore seemed logical to look for a growth factor that would allow for
the proliferation of particular lymphocytes on the grounds that the number
of virions may also therefore be increased. In 1976 Gallo and his
colleagues discovered a growth factor specific for mature T cells called
the T-cell growth factor, TCGF or Interleukin-2 (Morgan et al. 1976) which
allowed for the selective growth of difficult T lymphocyte populations in



vitro. The stage was then set for the first isolation of a human T cell
retrovirus which was achieved in 1978, which was obtained from the cultured
T lymphocytes from a patient with a skin T cell lymphoma termed mycosis
fungoides (Poeisz et al. 1980). A second isolate was obtained from a
patient with Sezarys syndrome (Poeisz et al. 198l). Detailed
characterisation of the virus followed which showed that the RT was
magnesium—-dependent and not manganese as in most animal retroviruses (Rho et
al. 1981), as well as the isolation of specific monoclonal antibodies
(Robert=Guroff et al. 1981 and nucleic acid probes (Reitz et al. 1981). The
cells from which HTLV-I was isolated were OKT4+ lymphocytes, the same
subtype as the tumour cells of ATL. As no definitive serological data had
been obtained in the United States to link HTLV-I with a specific disease
(Posner et al. 1981), coded sera were examined in Gallo's laboratory
provided by Y. Ito, N. Nakao, T. Aoki and their colleagues, which showed
almost 100% of the sera of ATL patients to be positive (Robert Guroff et al.
1984, Kalyanaram et al. 1982). This data was presented at the same time as
the immunofluorescence studies of Hinuma and the EM pictures of a C-type
retrovirus by Miyoshi. Subsequent studies were to show that both isolates
were the same virus and that all subsequent isolates from the USA, Japan and
the UK represented the same serotype (Clapham et al. 1984). The clinical
features of ATLL were first recognised as a distinct clinical entity in the
West by Catovsky and his colleagues at the Hammersmith Hospital in London,
who described the occurrence of ATLL in Caribbean immigrants to the UK
(Catovsky et al. 1982), which directed attention to the Caribbean as the
second endemic HTLV-I area after Japan (Gallo et al. 1984a,b). In the light
of later findings it now seems likely that the American patients from whom
the first isolates were obtained suffered from ATLL with predominant skin
involvement. The clinical features include hypercalcaemia with or without
bone lesions as well as hepatosplenomegaly and lymphadenopathy, features
which are characteristic of sarcoidosis, which is also prominent in the
Caribbean area as well as Negroes in the South East USA. This raises the
possibility that sarcoidosis could be due to a similar agent (Dalgleish
1985), although an extensive investigation by both biological and molecular
techniques has been negative so far.

Epidemiology of HTLV-I

HTLV-I has now been shown to be endemic in the South East of the USA
(Blayney et al. 1983), parts of South America, parts of Southern Italy,
the Arctic, the American Indians and Canadian immigrants to Cayenne, as
well as many parts of Africa. The virus has also been detected in the
Surinam population of Holland, as well as in populations at risk from
AIDS. HTLV-I has also been found in association with T cell malignancies
in Caucasian people living in the UK (Gallo et al. 1985; Dalgleish and
Weiss 1987). Fig. 1

HTLV-I as the causative agent of ATLL

The aetiological association of HTLV-I with ATLL is based on the
following observations:

(1) Geographically the areas of high incidence of ATLL correspond
closely with those of high prevalence of HTLV-I infection as adduced from
seroepidemiological surveys; (2) all individuals with ATLL have evidence



of HTLV-I infection; (3) the ATLL tumour cells carry HTLV-I proviruses
whereas non tumourous cells from the same patients are not necessarily
infected; (4) HTLV-I transforms human and animal T-cells in vitro;

(5) HTLV-I is closely related to simian retroviruses which are oncogenic in
experimental animals (Weiss et al. 1985a). In addition, sero-epidemio-
logical studies suggest that only about 1 in 80 infected people develop ATLL
and that it may take several decades to do so. This data suggests that a
cofactor or a 'second hit' is necessary for malignancy to develop.

HTLV-II

The first isolate of HTLV-II was from a patient with T cell variant
hairy cell leukaemia (Kalyanaraman et al. 1982). Although subsequent
studies have failed to link HTLV-II to hairy cell leukaemia (Dalgleish
1985), a second isolate of HTLV-II has recently been reported from a
patient with atypical hairy cell leukaemia (Rosenblatt et al. 1986), as
well as antibodies to HTLV-II in a patient with a "new"” T cell
lymphoproliferative disease (Sohn et al. 1986) which suggests a possible
causal role in some T cell malignancies. Two other isolates of HTLV-II
from a New York drug addict with AIDS and a haemophiliac, did not have
evidence of malignancy. The epidemiology of HTLV-II has not been
thoroughly studied although it has been reported in London drug addicts
(Tedder et al. 1984). The increasingly recognized association with
malignancy 1is in keeping with the ability of HTLV-II, like HTLV-I, to
transform human lymphocytes in vitro (Chen et al. 1983). 1In spite of the
paucity of isolates and sero—epidemiology, HTLV-II is very similar to HTLV-I
in both genomic structure as well as functionally, and therefore future
associations with T cell malignancies should not be surprising.

AIDS and HIV

In spite of HTLV-I and II, human retroviruses would probably have
remained in comparative obscurity if it had not been for the sudden
emergence of the acquired immunodeficiency syndrome (AIDS). Although it
was first recognised as a distinct disease entity in early 1981, with
hindsight it did not exist (outside Africa) until 1978 when the first
cases presented in the United States and Haiti. AIDS was first recognised
due to the occurrence of pneumocystis carinii and Kaposi's (KS) sarcoma in
previously healthy young homosexual men [Centers for Disease Control (CDC)
1981]. Both conditions were extremely rare outside immunosuppressed
populations (such as patients with renal transplants), although a relatively
benign form of KS manifesting on the lower limbs is not uncommon in older
men of mediterranean extraction. It rapidly became clear that AIDS was
endemic in American homosexuals, drug addicts and people from Haiti who
manifested many and varied opportunistic infections as well as immunoblastic
lymphomas, in addition to the early presentations described. Furthermore,
it became apparent that many people in the AIDS at risk categories were
developing ominous signs of 111l health such as persistent generalised
lymphadenopathy and severe systemic symptoms such as severe weight loss,
night sweats, diarrhoea, malaise etc., which did not qualify for a diagnosis
of AIDS, which was defined by the CDC as a reliably diagnosed disease
indicative of cellular immune deficiency with no known underlying cause
(CDC, 1982). Any doubt that the sudden emergence of these conditions in



three well defined groups was not due to an infectious agent was quickly
dispelled with the recognition that AIDS was spreading through blood and its
blood products such as factors VIII and IX used to treat haemophiliacs (CDC,

1982).

As the exponential rise in the number of AIDS cases continued
(Allen 1984), a search for a likely candidate ensued. A new retrovirus
was an attractive idea as many animal retroviruses cause immunodeficiency
and allied diseases. For instance, Friend virus and avian leukosis
viruses cause wasting syndromes in rats and birds respectively (Takeichi
et al. 1974; Weiss and Frisby 1982), equine infectious anaemia virus
induces multiple immunopathies (Henson and McGuire 1974) and Mason-Pfizer
monkey virus has also been associated with immunodeficiency (Fine et al.
1975). However, it was the feline leukaemia viruses of cats which cause
leukaemia-lymphoma in some cats (reminiscent of HTLV-I-induced disease in
humans), and T cell depletions and opportunistic infections in others
(Hardy et al. 1985) that suggested that a virus similar to HTLV-I (and
therefore a retrovirus) might be the cause of AIDS.

Although HTLV-I is occasionally associated it is not the cause of
AIDS. Indeed, the first isolation of a new human virus subsequently shown
to the causal agent of AIDS was reported in 1983 by Montagnier and his
colleagues at the Pasteur Institute (Barré-Sinoussi et al. 1983), who
detected reverse transcriptase and cytopathic activity as well as viral
particles on EM in PHA and TIL-2 stimulated cultured lymphocytes from a
patient with lymphadenopathy. Although the report by Barré-Sinoussi et
al. commented on the similarities of the new isolate to HTLV and suggested
the term T-lymphotrophic retrovirus, this isolate was called LAV-I
(lymphadenopathy-associated virus). Other similar cultures followed but
the causal association of LAV and AIDS remained obscure until Popovic and
Gallo reported 48 isolations from AIDS and at-risk patients of a new
retrovirus which they termed human T-cell lymphotrophic virus type
3(HTLV-I11) (Popovic et al. 1984). The studies reported here commenced in
early 1984 before the reports from Robert Gallo and his colleagues.

Early animal studies and the elucidation of the structure and biology of
retroviruses

The earliest studies of retroviruses occurred in the early 1900's.
Vallé and Carre (1904) described the infectious nature of Equine anaemia
and Ellermann and Bang (1908,1909) reported the cell and bacteria-free
transmission of leukaemia in chickens. Because leukaemia was not
universally regarded as a "cancer”, these observations did not have the
same impact as those of Rous (1911) who demonstrated that cell-free,
bacteria free, filtrates from a spontaneous chicken sarcoma could transmit
the disease to related, but normally sarcoma-free, chickens. This
experiment was tried following the successful transplantation of these
tumours and their growth at the site of inoculation. Repeated passaging in
the Plymouth Rock chickens (the non—spontaneous sarcoma chickens) was
associated with heightened transplantability as well as an increased
tendency for the tumour to spread beyond the original graft site (Rous
1910). These experiments established a virus as the aetiological cause of
the tumour and the name Rous sarcoma virus (RSV) is given not only to the
original virus, but also to a number of independently isolated chicken
viruses that induce sarcomas by a similar genetic mechanism. Further
experiments by Rous and his colleagues suggested that the immune system
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played an important role in deciding whether the virus (RSV) was going to
cause a tumour (Rous 1913,1961). Adult chicken recipients often showed
tumour regression whereas young chickens had a much higher susceptibility
leading to tumour progression. Other important “"landmarks” in the history
of the study of this virus include the demonstration that a single virus
particle could cause a normal cell to transform into a cancer cell (Keogh
1938), the development of a chicken fibroblast transformation assay in
culture (Temin and Rubin 1958), the demonstration that the restricted host
range of the first isolates could be greatly expanded by continued passage
(Svet Moldavsky 1957, Zilber and Kriukova 1957) and the demonstration that
resistant chicken fibroblasts were congenitally infected with closely
related non-oncogenic viruses that "interfered” with infection (Rubin 1960,
Vogt and Ishizaki 1966). The development of the Electron Microscope enabled
the RSV to be identified (Claude et al. 1947) and its structure detailed.
Biochemical characterization showed that the nucleoid contains RNA (Crawford
and Crawford 1961), and DNA inhibitor studies showed that RSV requires DNA
synthesis to undergo replication (Temin 1963, Bader (1964, 1965). This led
Temin (1964) to propose the provirus hypothesis, that a DNA provirus of the
RNA genome is required for replicatiom.

Temin and Mizutani (1970) and, independently, Baltimore (1970) located
RNA-directed DNA polymerase activity within mature particles of RSV and
other RNA tumour viruses, thus showing that reverse transcription was
possible. Hill and Hillova (1971) showed by DNA transfection experiments
that infectious virus was recoverable from DNA. The discovery that some
transforming RSV viruses are defective for replication (Hanafusa et al.
1963) and require the assistance of another "helper” virus, to achieve this
has helped unravel the mechanisms whereby RSV and other oncogenic
retroviruses cause tumours by introducing oncogenes of cellular origin.

Even though many of the important historical landmarks in retro-
virology were made whilst studying RSV, many other retroviruses were
being isolated from a variety of animal species with various malignant
and non-malignant associated pathologies.

Avian leukosis viruses (first studied by Ellermann and Bang 1908)
can induce leukaemia within months (as well as act as helper viruses for
RSV). Studies on these viruses have shown that related genomes may be
in the germ line as well as by infection from chicken to chicken. The
inherited endogenous viruses do not appear to be pathogenic, or from chicken
transmitted as integrated proviruses to egg.

A viral origin of mouse leukaemias was first demonstrated by Gross
in 1951. These followed observations that not only was the development
of leukaemia (thymic lymphoma) in mice strain-specific, but that the
tendency to develop one type of malignancy was not, necessarily, associated
with an increased tendency to develop a different cancer, as some mice C3H
with a very low leukaemia (1-2%Z) incidence have a very high (90%) incidence
of mammary cancer. The age of inoculation was shown by Gross (1951) to be
critically important for the development of leukaemia in some mice strains.
Irradiation of low leukaemia strains with large sub-lethal X-ray doses
induces virus particles and subsequent leukaemia. This implies that the
first step in oncogenesis could be the conversion of a latent leukaemia
virus to a pathogenic form. The same observations have also been made using
chemical carcinogens instead of irradiation. Later these viruses were shown
to derive from endogenous genomes (Lowry et al. 1971).
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Mouse sarcoma viruses were first isolated in 1960s (Harvey 1964;
Moloney 1966; Kirsten and Mayer 1967) and these were later shown to require
the presence of a related leukaemia virus as a helper virus. They cause
pleomorphic sarcomas and rhabdomyosarcomas as well as leukaemias. The
development of mammary tumours in high risk mouse strains was shown to be
associated with a virus which is transferred in the milk in 1936, (Bittner
1936,1942) although endogenous provirus strains also exist.

The following observations strongly support the "provirus"” hypothesis
of viral replication. (1) retroviruses do not behave like other RNA viruses
in that replication is blocked by DNA synthesis inhibitors (Temin 1963,
1967, Bader 1965), (2) The discovery of an RNA-directed DNA polymerase in
retrovirus virions (Baltimore 1970, 1976, Temin and Mizutani 1970) (3) DNA
from infected cells can infect other cells (Hill and Hillova 1972) and (4)
Molecular hybridisation studies have added additional support (Baluda and
Nayak 1970). (5) Mendelian inheritance of endogenous viruses. {(Payne and
Chubb 1968; Bentvelzen and Daams 1969).

Endogenous viruses were predicted to be of fundamental importance in
cancer long before their existence was conclusively demonstrated. Andrews
(1939) speculated on the possible activation of latent viral infections in
cancer and Darlington (1948) postulated that such viruses could arise from
cellular genetic elements or 'proviruses'. The first observation that
radiation induced tumours contained viruses (radiation Leukaemia virus in
mice) was by Gross (1958). Viral information (but not rescued virus)
expressed in normal cells was detected in some leukosis free inbred chickens
and shown to be related to a single autosomal Mendelian locus with a
dominant allele for the 'viral' expression.

Payne and Chubb (1968) suggested that this site contained an integrated
avian leukosis virus (ALV), the genome of which was probably defective, as
complete virus was not released but gag antigens were expressed. A helper
factor which complements defective RSV with endogenous envelope antigen found
in normal uninfected cells is also inherited as a dominant Mendelian trait
that co-segregates with gag expression. (Weiss and Payne 1971). Although the
significance of early hybridisation studies showing virus like DNA in
uninfected cells was not appreciated that the isolation of infectious virus
particles, Rous associated virus (RAV-0) from RSV uninfected cells provided
further evidence (Vogt and Friis 1971). Avian and murine viruses were
'rescued' from non-infected cells using halogenated analogues of thymidine, 5
bromodeoxyuridine (Brd U) 5-iododeoxyuridine (IdU) (Weiss 1971), and
irradiation Aaronson et al. 1971, Lowy et al. 1971). Virus associated mammary
carcinomas in mice fostered by virus negative animals (GR mice) were used to
demonstrate genetic transmission of the mouse mammary tumour virus (MMIV)
(Bentvelzen and Daams 1969). The following generalisations would now appear
to hold true for endogenous viruses in that they (1) Behave as stable genetic
elements, (2) are evolutionary unstable, (3) resemble normal proviruses, (4)
vary greatly in expression, (5) are mostly non-pathogenic, and (6) whatever
their role they are not essential to the host.

The discovery of endogenous retroviruses as well as the isolation of
mouse sarcoma viruses (Harvey 1964, Moloney 1966) which appeared during the
passage of leukaemia viruses in rodents, suggested that new pathogenic
properties could be acquired from the host animal. This led to the idea that
a retroviral gene (oncogene) could be the final common pathway for the
development of cancer by a number of difficult causes.
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The "Oncogene hypothesis” (Huebner and Todaro 1969) suggests that
carcinogens of many types act by inducing the expression of otherwise cryptic
retroviral genes already resident in the genomes of the target cells. Although
not strictly correct, this hypothesis stimulated the research into oncogenes
and their function which has revealed so much about these specific cellular
genes, i.e. thelr role in cell growth, differentiation and transformation,
their protein products, their site of action and how they may escape normal

control mechanisms.

Further details on the role and function of oncogenes are reviewed by
Wyke and Weiss (1984) and Weiss and Marshall 1985. Briefly, viral oncogenes
are probably derived from cellular genetic sequences. This is based on the
fact that cellular oncogenes are at constant loci in the genome (in striking
contrast to the diverse distribution and positioning of endogenous virus
retroviral genes) and the presence of intervening sequences within many of the

c-onc genes (a hall mark of eukaryotic genes).



Fig 1. Worldwide distribution of HTLV-1

World wide distribution of HTLV-1 where circles indicate endemic areas (large) or
disease clusters {small) and shaded areas represent areas of low endemicicity.

HTLV-1 endemic regions are shown in shaded relief
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Some Retroviruses (Distribution) and related entities

Table 1
Species virus type

Fish  Northern pike c
Reptiles (1) Russel Asian viper (VRV) C
(2) Cornsnake (CSRV) C
Avian - chicken ) C
)
turkey )
quail )
duck )
pheasant”®
quail®
Marsupials A
Murine C
B
Feral Mice C
Rat C

(
(
(
(
(

(
(

disease

lympho

? sarcoma

? rhabdomyosarcoma
Leukaemia
haemangiosarcoma
Sarcoma

osteopetrosis
Reticuloendotheliosis
nerve lesions

lymphomas

(° = endogenous)

none
leukaemia
lympho
rhabdomyosarcoma
pleomorphic sarcoma
erythroid and myeloid

leukaemia

osteosarcoma
osteoma
lung adenocarcinoma
mammary adenocarcinoma
lymphoma
hind limb paralysis
? sarcoma
? mammary adeno-

carcinoma



Table 1 (continued)

Tree Mouse
Hamster

Cavian - guinea pig

agouti
Rabbit
Feline
FeLV Feline leukaemia virus
FeSV Feline sarcoma virus
Mink
Porcine
Deer
Horse E1AV Equine infectious
anaemia virus
Bovine
Sheep LV lentivirus -
VM visna-maedi
Goat CAEV caprine arthritis

encephalitis virus

Monkeys (primates)

STLV
SIV-

Humans

(see text)

c,D

14

sarcoma
endogenous
endogenous ?

? lymphosarcoma

"see animal models"”

endogenous
endogenous

lymphosarcomas

Infectious anaemia

leukosis
lymphosarcoma
?leukaemia
pneumonia
demylination
arthritis
encephalitis

leukaemias,
immunosuppression

lymphoid proliferation
S "AIDS"

leukaemia

lymphoma

AIDS
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Taxonomy, structure, and life cycle of retroviruses

Taxonomy

No single method of classification is suitable for all retroviruses.
They may be classified according to their overall pathological effect
(viz, onco, lenti, or spumavirinae), the species of animal that they
effect (e.g. avian or murine), the specific disease that they cause (for
example leukaemia or sarcoma) or by their in vitro host range. Murine
viruses that replicate exclusively in murine cells are termed ecotropic
and are described as N-tropic, B-tropic or NB-tropic, according to their
ability to replicate preferentially in NIH Swiss, Balb/C or both types of
cells (Hartley et al 1979). Murine xenotropic viruses are able to
replicate in heterologous cells but not in murine cells, generally due to
a receptor block (Levy 1973). They are transmitted in mice only as
inherited genetic information. Amphotropic viruses are able to replicate
in both heterologous cells and cells of the natural host (Hartley and Rowe
1976). Polytropic, dual viruses or mink cell focus (MCF) inducing viruses
(Hartley et al 1977) can replicate in heterologous cells and natural host
cells, being N-tropic, but differ from the amphotropic class by being able
to produce cytopathic changes in mink lung fibroblasts. They are known to
be recombinants of the envelope genes of ecotropic and xenotropic viruses

(Elder et al 1977).

Morphology

The structure of retroviruses is described by electron microscop-
ical appearances. Virions appear as spherical particles approximately
100 nm in diameter. A dense core (lenti only) or nucleoid enclosed in
an outer envelope made of a unit membrane, with glycoprotein spikes
projecting from the outer surfaces (Rifkin and Compans 1971).
Morphological variations allow classification into 4 categories so called,

A, B, C and D type particles.

A type particles. These occur as intracellular forms only and do not
have any infectivity even when isolated in large amounts from cells
containing them. The particles are generally 60-90 nm in diameter with
an electron— lucent centre surrounded by a double shell. They may be
intracisternal or intracytoplasmic, and may be associated with C type or
D type, and B type precursor forms respectively.

B type particles. The mouse mammary tumour virus (MMIV) is the

prototype member of this group. The distinguishing features are:

(a) the budding particles at the plasma membrane show toroidal or doughnut
shaped cores about 75 mm in diameter with long spikes being seen at the
surface, (b) after budding the mature viruses contain electron dense
nucleoids that are eccentrically located within the enveloped particles

(125-130 nm diameter).

C type. The majority of retroviruses are C-type as are all the known
pathogenic human retroviruses in that no intracytoplasmic structures are
observed until budding has commenced at the plasma membrane, although
occasionally cytoplasmic vacuoles are seen. The first distinct feature
is an electron dense crescent shaped form that is to become the core of
the particle which becomes spherical with an electron-lucent centre as
maturation proceeds. Extracellular forms are classified as immature or
mature depending on whether the cores are lucent or electron dense,

respectively.
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D type particles. The Mason-Pfizer monkey virus (MPMV) now called SRV-3,
for simian retrovirus, type 3, is the prototype virus of this category.
They are not easily classified into 'B or C' as they have both intra and
extracellular forms. Intracellular A particles are U shaped, 60~95 nm in
diameter and are most abundant near the plasma membrane (immature D
types). The extracellular (mature) particles measure 100-120 nm in
diameter and contain an eccentrically located electron dense nucleoid and
bear shorter splkes than those on B type MMIV.

Genomic structure

Retroviruses encode RNA directed DNA polymerase [reverse
transcriptase (RT)] which upon infection catalyses synthesis from the
single stranded virion RNA, to a double stranded DNA intermediate; the
provirus. This subsequently becomes integrated into host chromosomal DNA
and serves as a template for viral genomic and messenger RNA
transcription by the host cell's RNA synthetic and processing systems.
Other features, of retroviruses, include a diploid RNA genome, high
frequency of intermolecular combination between related viruses, and the
ability to acquire host genes that encode functions responsible for
neoplastic transformation (oncogenes).

Most retroviruses carry three genes in the order 5'-gag-pol-env-3'.
Gag encodes a precursor protein that is cleaved to yield 3-4 internal
structure proteins, pol encodes the reverse transcriptase which enables
the virus to replicagg_bourtesy of the host cells' DNA, and env encodes a
precursor cleaved to form the two envelope proteins, at least one of which
is glycosylated. The genome is capped by long terminal repeats (LTR's) at
both ends and the RNA form by a polyadenylate tract at the 3' end. The
LTR's are responsible for integration of the DNA provirus with cellular
DNA, and contain promoter and enhancer sequences for viral gene
expression. Recently some retroviruses have been found to carry four or
more genes, one of which (X, lor or transactivating transcriptional gene
(tat) encodes a non-structural protein that acts in trans to stimulate
expression of viral and cellular genes. Both kinds of human T lympotropic
viruses to be described later have tat genes as do bovine leukosis virus
and the visna virus of sheep. Oncogenic retroviruses can acquire cellular
sequences which may cause neoplastic transformation and are therefore
known as oncogenes. These viruses are rarely complete, the oncogene being
acquired at the expense of one or more structural genes. As a consequence
viral replication is defective and dependent on a replication competent
'helper' virus for its propagation, as previously discussed in murine and
avian examples. Oncogene bearing retroviruses are not frequently
transmitted from host to host in nature, although they have been of
incalculable importance for cancer research (Wyke, J.A. and Weiss, R.A.
1984; Weiss, R.A. and Marshall, C.J. 1985). By far the most common
method of oncogenesis by retroviruses in nature occur by the retroviral
integration near a cellular oncogene resulting in enhanced expression (cis
acting). This process which is considerably slower than the oncogene
insertion into a new cell previously described (although integration per
se 1is not slow). However, these concepts are probably over-simplified as
it is likely that the disease process proceeds by more than one step. See

Fig. 2.

Src is the oncogene found in RSV. It is the region (2.0 kb)
responsible for the transformation of the infected fibroblasts in vitro
and is not required for replication. It is translated from a spliced
subgenomic sized mRNA into a 60-kilodalton phosphoprotein that has protein
kinase activity. Mutants that lack src function and most or all of the
gene arise frequently during passage of the virus in cell culture
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and are referred to as transformation defective (td-RSV). More than 20
other "oncogenes” have now been identified. With the exception of src in
some strains of RSV, all other genes are present only in replication
defective viruses, which although they may lack substantial portions of
gag, pol and/or env still retain their long terminal repeat sequences.

Infection and Replication

Viruses infect cells that express an appropriate receptor and assays
to investigate this property have been devised. Some retroviruses cause
cytoplasmic changes or induce syncytium (multinucleated giant cell)
formation in certain cell types, and this phenomenon can be adapted for
quantitative plaque assays. Some leukaemia viruses induce syncytial
plaques. The best known is the XC plaque assay for MLV (Klement et al.
1969), where the XC cells form syncytia upon exposure to MLV. Many other
assay systems, using different indicator cells for different retroviruses
have since been described. Such assay systems can be used to define
receptor groups among retroviruses. Infection of cells by one virus will
block virus receptors so if another similar virus is then added to the
cultures it will not be able to bind to the cell surface if both viruses
use the same receptor, a phenomenon known as receptor interference.
Similarly transforming viruses (TV) that do not cause syncytia may be
assayed by their ability to cause transformation in vitro or in vivo.
Neoplastic transformation of cells in culture was first demonstrated by
Halberstaedter et al. (1941) who observed morphological transformation of
chick fibroblasts in explant cultures infected with RSV.

A more sophisticated method of examining the host range and defining
viral receptors is the pseudotype (PT) assay (Rubin 1965, Ishizaki and
Vogt, 1966, Hanafusa et al. 1963). Briefly, this assay depends upon the
tendency of enveloped animal viruses to undergo phenotypic mixing of their
glycoproteins (Zavadova et al. 1977). Pseudotypes have been used to (1)
rescue and propagate defective viruses (2) determine the host range
determined by env proteins (Rubin 1965) (3) Manipulate viruses to alter or
broaden the host range, (4) detect and analyse the genetics of cell
surface receptors for retroviruses, and (5) detect latent infections.

Vesicular stomatitis virus (VSV) is particularly suitable for making
PT or transvestite viruses where the VSV is "wrapped” in retroviral
glycoproteins. The infectivity of PT's (which are selected for by using
hyperimmune anti-VSV serum) therefore distinguishes retroviral host range
properties determined by cell surface receptors for viral glycoproteins,
from those operating after viral penetration and uncoating, because the
VSV pseudotype replicates as a VSV virion once uncoating has occurred
(Zavada, 1972; Weiss et al. 1975, 1977).

Until recently the processes of adsorption to cells and penetration
of cells by retroviruses was not well understood. The major specificity
of viral-glycoprotein—cell-receptor interaction was thought to occur after
the initial attachment of the virions to the cell surface. Polycations
such as polybrene and DEAE-Dextran enhance the adsorption of retroviral
particles possibly by decreasing the net charge on the cell surface.
(Duc—-Nguyen 1968; Toyoshima and Vogt 1969).
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Genomic structure of retroviruses and mechanisms of action.
(a) Insertion of v-onc into retrovirus—mechanism of acute transformation

i.e. srec.
(b) Incorporation of v-onc usually leads to a defective virus.
(c) Usual mechanism of chronic retroviral infection causing activation of

(d)

c—-onc in cis.

Human retroviruses are able to activate cellular genes in trans.
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Restriction may operate at the stage of virus penetration or uncoating
rather than adsorption in some viruses. Both endocytosis and direct
fusion at the cel surface have been described. Specific binding to a
cellular receptor has now been demonstrated for HIV (McDougall 1986) and
electron microscopy studies (Dales and Hanafusa 1972) following adsorption
of high multiplicities of RSV indicate that much virus becomes
incorporated into endocytotic vesicles without uncoating. It is not clear
whether these particles represent the effective mode of penetration at
lower multiplicities of infection, and if they do, how they eventually
penetrate the vesicle membrane.

It is now clear that not all viruses use the same route of entry.
Binding to a cellular receptor may not be enough to infect a cell.

Receptor-mediated endocytosis via Clathrin-coated pits and vesicles
into cellular endosomes alters the viral genomic material to be released
into the host cell cytoplasm following fusion of the endosomal membrane
with the viral spike glycoprotein. This must be distinguished from
pinocytosis and phagocytosis. Pinocytosis is a constitutive property of
virtually all cell types through which the medium, macromolecules and
particulate ligands (<150 mm) are internalised. Phagocytosis is usually a
particular property of macrophages for uptake of large particles (>200 mm)
(Marsh 1984).

Whether viruses that enter cells by the endocytic pathway need to
bind to cell-surface components that normally mediate the endocytosis of
physiological ligands is unclear, as most cell surface glycoproteins
appear to get internalised. Multivalent ligands such as viruses will
induce the formation of receptor clusters, although it 1is possible that
clustering alone is insufficient for ligands to be trapped in coated pits
and internalised in coated vesicles (Helenius et al. 1980).

It has remained unclear how viruses are internalised and which
pathway leads to productive in infection. Internalisation does appear,
however, to occur through specialised regions of the plasma membrane the
"coated pits" which appear to invaginate into the cellto form coated
vesicles, encapsulating any ligand associated with them.

After leaving the cell surface, coated vesicles rapidly uncoat and
studies using the Semliki forest virus (SFV) show the virus in vesicles
termed endosomes (Helenius et al. 1980). These compartments are
pre—-lysosomal vacuoles which fuse with lysosomes at which point virus
products of degradation are seen in the medium (Marsh and Helenius 1980).

The fact that a number of enveloped viruses require low pH to
trigger the membrane fusion activity, the observation that virus
particles are endocytosed and pass to lysosomes, and the low pH of
lysosomes suggest that virus penetration occurs intracellularily in
lysosomes. This 1s especially so if virus fusion is not seen at the cell
surface, antigens from infecting viruses are not detected on the
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cell surface after entry (Helenius et al. 1980). Furthermore,
acidification experiments strongly suggest that fusion occurs prior to
lysosomal degradation (Marsh 1984). Weak bases such as ammonium chloride
will inhibit virus infection in cultures and in some cases in vivo (Oxford
and Galbraith, 1980). The fact that base inhibitors have to be present
within 10 minutes of virus infection suggests that fusion occurs in the
acidic environment of the endosomes or lysosomes.

Replication cycle

Replication occurs in two major phases. Firstly, the steps leading
to the synthesis and integration of a complete DNA copy of viral RNA (this
includes adsorption and penetration into the host cell), priming and
polymerisation of both strands of viral DNA leading to production of
linear and circular forms and linkage of viral DNA to host DNA. Secondly,
expression of viral genetic information i.e. synthesis of viral RNAs (both
messenger and genomic RNA), synthesis of viral polypeptides, cleavage and
modification of viral proteins, assembly of viral nucleocapsids, and
budding and maturation of viral particles. (See Fig. 3.) The necessity for
the three genes gag, pol and env has already been discussed, as well as
the fact that although the genes necessary for transformation are not
necessary for replication, their expression is intimately linked to the

replication pathway.

The detection of RNA-directed DNA polymerase (reverse transcriptase
RT) activity by Temin and Mitzutani and by Baltimore in 1970 not only
confirmed that RNA tumour viruses (as they were then called) replicated
via a DNA intermediate, but also provided an assay for the detection and
rate of multiplication of retroviruses. This is because the RT is
packaged in the virus core and a measure of enzyme activity gives an
estimate of the number of virus particles.

The evolution and overall importance of retroviruses

Retroviruses probably have their origins in movable genetic
elements which have genomes similar to endogenous retroviruses such as
the 17.6. element found in Drosophilia. Another group of retro-
transcripts are called retrovirus like sequences. One such example is
the intracisternal A particle (IAP) which has gag and pol but no env
coding sequences. Some of these particles are probably able to produce
accurate reverse transcriptase because they have been found to integrate
into new positions in the cellular genome over a historical time period.
Other retrovirus like sequences have integrated into new positions in the
cellular genome because they are amplified and dispersed therein.

Other retrotranscripts include copia and Ty elements of Drosophila
and yeast, which share much of the sequence organisation of onco
retroviruses with the major exception that they lack any env gene.

Another LTR-containing group of cellular genetic elements is the
E.Tn sequence of mice which although they have LTR sequences have no open
reading frames and thus may have only cis—acting sequences acted upon by
retrovirus and retrotransposon proteins. A complementary group of
cellular genetic elements in mammals has been variously called the Bam
H1l, Kpn-I, LINES or LI family, which do not have LTR's. Smaller versions
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of the above (truncated copies) have been described. These elements
could be thought of as primative or degenerate retroviruses and
retroviruses may have resulted from a combination between LI and E.Tn

elements (Temin 1988).

Retroviruses may be modified by mutation or recombination. These two
mechanisms can result in significant evolutionary changes. Mutations may
result from deletions, duplications, base pair changes, insertions,
inversions and translocations. Evolutionary pressures may select for
increased autonomy of replication, both intracellular and intercellular.

Animal models for retrovirus infections that suggested a role for
retrovirus infections in humans.

The first description of a transmitted retrovirus in "higher"” mammals
was not made until 1964 when Jarrett and colleagues showed that
lymphosarcoma and feline leukaemia in cats was exogenously transmitted
(Jarrett, et al. 1964).

Other similar exogenous retroviral factors have been since described
in cows - Bovine leukaemia virus (BLV), (Miller et al. 1969), Horses -
equine infectious anaemia virus (EIAV) (Valle and Carree 1904), Monkeys -
Mason Pfizer monkey virus (MPMV) (Chopra and Mason 1970), as well as sheep
and goats (lenti-viruses) (Haase 1986). Feline leukaemia virus (FeLV) of
particular interest as the same virus causes leukaemia, lymphomasarcoma,
various haematological diseases as well as an immunodeficiency syndrome in
infected cats, even though many cats infected do not manifest any overt
disease (Hardy 1985). This led to the consideration that oncogenic
retroviruses might be involved in the acquired immunodeficiency syndrome.

Other models of retroviral infection in higher animals with obvious
allegorical implications for human disease include the visna-maedi virus
which causes a pneumonia, as well as a progressive demyelinating disease
in sheep (Haase, 1986). The transmissible nature of this virus was well
established when a major outbreak of disease in Iceland followed the
introduction of sheep from Germany. Slaughter of infected flocks was
required in order to affect control. The long period between infection
and the manifestation of disease has led to the nomenclature of lenti or
slow viruses for this group of viruses. Also included in this group are
caprine arthritis encephalitis virus of goats (Crawford et al. 1980) which
causes arthritis and encephalitis in these animals, as the name suggests,
and the Equine infectious anaemia virus (EIAV) of horses which causes

bouts of infectious anaemia.

Therefore, in the selected examples mentioned animal models for human
disease exist in higher mammals, [leukaemia lymphoma/sarcoma, various
haemopoietic disorders, acquired immunodeficiencies, multiple sclerosis,
encephalitis, as well as arthritis].

It was not surprising that an intensive effort was mounted with the
aid of molecular techniques using 'probes' of these viruses to look for
similar disease in humans (Gallo 1984a,b). This, unfortunately, was to
prove so unrewarding that most groups eventually abandoned such studies.
Most of the probes used, however, were of murine origin and, in retros-
spect, had the Bovine leukaemia virus (BLV) probe had been investigated
more thoroughly, the first human retrovirus may well have been detected
prior to the first report in 1980 (Poeisz et al. 1980). It is now known
that this animal retrovirus shares homologous sequences with the human
T-cell leukaemia lymphoma virus I (HTLV-l), as does the simian T-cell
leukaemia virus STLV-1l, which was detected much later (Yamamoto et al.

1983).
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Methods and patients

2.1. Cell culture and virus isolation

Two types of cell were used in these studies.
Adherent fibroblastic cells such as the human osteosarcoma
line (HOS) and lymphoid lines such as the T4 (CD4) positive
leukaemia lines (CEM,JM,H9). Adherent cell lines were grown
on flat bottomed plastic plates (Nunc or Falcon) in Dulbecco
Eagles medium supplemented with 5% foetal calf serum. (All
serum used for supplementation was heat inactivated at 56° C
for 1 hour - which to remove complement activity). The cells
were kept in an incubator at 37° C, with 5-8% carbon dioxide
and passaged twice weekly. Lymphoid cells were kept in
suspension at a concentration of approximately 5 x 10® cells
per ml in RPMI-1640 medium supplemented with glutamine(lmM)
and 10% foetal calf serum.

All media were supplemented with penicillin
{100ug/ml),streptomycin(100ug/ml), and amphotericin and were
supplied by the central sterile supply department at the
Institute of Cancer Research.

Several cell 1lines ( both murine and human
,1lymphoid and non lymphoid cells), used in this study were
"manufactured or transfectant cell lines" i.e. they were made
to express either CD4 or CD8 antigens, the genes of which
were transfected either by calcium precipitation or

amphotropic retroviral vectors. These were selected for
either hypoxanthine, aminopterin and thymidine (HAT), or
neomycin resistance . BAll the cells ( except L cells

expressing CD4), used in the studies reported here were
selected by the inclusion of the neomycin resistance gene and
these cells were thus maintained in 500mg /ml G418 ,which was
added to the medium at each passage of the cells.

2.1.(1) Primary lymphocyte culture

Peripheral Dblood lymphocytes (PBL's) were
obtained by pipetting 20-30 mls of preservative- free
heparinized blood onto 10-15 mls of Ficoll-paque (also known
as lymphoprep) and centrifuging at 3000 g for 15 minutes.
The Ficoll-paque allows red cells to remain as a " buffy
coat" at the interface between the plasma and Ficoll-paque.
The white cells were carefully removed, washed twice in RPMI
and cultured in RPMI medium supplemented with glutamine and
20% fetal calf serum. T-lymphocytes were activated by the
addition of phytohaemagglutinin (PHA,100 ug/ml). After 24-72
hours, interleukin-2 (IL-2) was added to the medium (1% per
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volume). Both recombinant (Biogen) and culture derived IL-2,
(used when the Biogen IL-2 was not available), were used in
this study). PBL,s infected with the human T-cell
lymphotropic viruses whether transforming (HTLV-I,II) or
cytopathic (HIV) required to be cultured in-vitro for 10-14
days before virus replication could be detected. This was
shown by reverse transcriptase (RT) activity or syncytial
formation (SF) in indicator cell lines expressing receptors
for the wviral envelope protein, as described below.
Lymphocytes from an HTLV-I positive patient, cultured as

described, eventually become a permanent cell line,
independent of exogenous 1IL-2. (Poeisz et al 1980, Miyoshi et
al 1981b). Similar techniques wusing mononuclear cells

derived from spleen tissue were used to isolate HTLV-II
(Kalyanaraman et al 1982). In contrast to HTLV-I and
HTLV-II, HIV is cytopathic for lymphocytes and no transformed
cell lines emerged from any HIV infected patient. Thus, in
order to isolate this virus a cell line that allowed the
virus to replicate faster than it killed the majority of
cells was needed. Co-cultivation techniques were used,
whereby the "infected" primary cells are co-cultivated with
other cells, either fresh lymphocytes, cord cells from
another patient or a permanent cell line.

2.1.i1) Isolation of virus from lymph nodes.

Lymph nodes were dissected into a homologous mixture of
cells using a pestel and mortar and a fine mesh gauze .The
cells were separated by Ficoll-paque and their wviability
assessed by trypan blue (0.15%) exclusion. To different
subcultures dexamethasone(1-10ug/ml), cyclosporin A ( 1
ug/ml) , 5-azacytidine( lug/ml) and anti-alpha interferon(
100ug/ml) were added. Virus replication was detected using
syncytial induction , RT, and autologous immunofluorescence
(IF).

2.1.1iii) Co-cultivation

Following stimulation with PHA and 1L-2,
lymphocytes were co-activated with fresh lymphocytes or cord
mononuclear cells. The transforming viruses HTLV-1 and
HTLV-II were used to immortalise patient lymphocytes by
irradiating the virus positive cells (50 Grays), prior to
co-cultivation with uninfected cells and immortalisation or
transformation sought. HIV however is not transforming but
cytopathic, and was therefore mixed with uninfected permanent
CD4 positive-leukaemic 1lines without prior irradiation.
Fresh peripheral mononuclear cells from healthy controls were
used on some occasions. The difficulties encountered in
producing a cell line chronically infected with HIV were
twofold : firstly identifying a cell line that could produce
virus without being destroyed by it and secondly the
inability of most non passaged viruses to infect cell lines.
This was first successfully carried out by Popovic et al.
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1984. The first identification of HIV-like retroviruses
(Barnésinoussi et al 1983) was made using anti-alpha
interferon antibody. This and anti-gamma interferon antibody
(Burroughs Wellcome), were used during the 1lst year of this
study, although virus detection and in vitro infection was
performed without either anti-interferons on many occasions.
Cells which were used for co-culture were treated with DEAE
dextran or polybrene (2ug/ml) for 30 minutes prior to
co-culture.

2.2 Syncytial Formation (SF)

Some retroviruses induce the formation of
syncytia (giant multinucleated cells). This phenomenon can
form the basis of a plagque assay system such as the XC cell
plaque assay for mouse leukaemia virus ( Rowe et al 1970).
SF occurs within 6-18 hours for both HTLV-1 and HIV systems.
It does not, necessarily, require virus replication but
depends on appropriate cell surface receptors being present
on the indicator cells. This reaction is is probably
mediated by viral envelope glycoprotein in the case of both
HTLV-1 and HIV. Although frequently observed, SF is a poorly
understood phenomenon, as some cell lines spontaneously form
syncytia in an acid environment. It is a useful indicator of
viral (HTLV-1 and HIV) production, but does not correlate
quantitatively with release of particulate RT activity (Weiss
et al 1985a).

Syncytial formation was demonstrated for HTLV-I
producing cells as follows. Approximately 5 x 10% cells
from an HTLV-I producing line C91/PL were co-cultivated with
an equal number of Human osteosarcoma (HOS) cells in a total
volume of 100 wul in a 96-well plate (Nunc). Following
incubation overnight at 37° the HOS cells adhere to the
plastic substratum. After washing in Phosphate buffered
saline (PBS) the cells were then stained Dby the addition of
5% methylene blue in ethanol and 5% fuchsin red in ethanol
for 10 minutes , after which the cells were washed (using tap
water) and examined under a light microscope. The dyes
highlight the large multinucleate HOS cells which are not
present in the absence of wvirus replication. HTLV 1II
syncytial formation assays were performed in the same manner
except that the HTLV II producing cell line SGO/MO was used
instead of C91/PL. Antibodies to surface antigens or
sera from infected patients were added to the SF assay at
a final concentration of 1 in 10 or 1 in 50 to see if SF was
inhibited. This constitutes the basis of the syncytial
formation inhibition (SFI) assay. Other cell 1lines wused
during these studies were C10/M52, an HTLV-1 producing cell
line, and XC cells which were used as indicator cell 1lines
instead of HOS.



The conditions for SF assays using HIV were
discovered whilst studying the trophism of the virus and are
reported in chapter 3. Briefly,the indicator cell lines used
were the Jurkat sub-line,JM., the Hut 78 subline H4., and the
defective HTLV-1 genome containing line c8166. Using various
volumes from 10ml flasks to 100ml microtitre plates the cells
were used at a final density of 5x10® per ml to which 5x 10¢
virus producing cells were added. Supernatants of virus
producing cell 1lines were occasionally used although they
only resulted in syncytia in the JM and cB8166 cell lines.

3. The VSV Pseudotype assay.

The HTLV families of retroviruses are not
suitable for wuse in direct plaque forming assay systems.
However, an indirect method for such retroviruses has been
devised (Zavada 1972), using the vesicular stomatitis wvirus
(VSV) which readily forms plaques on susceptible cells.
When VSV 1is grown through HTLV-producing cells at a
multiplicity of infection of 10 at 37° C for 12-18 hours,
hybrid viruses are produced, where the core virus (VSV)
becomes wrapped with the HTLV or HIV envelope antigens. VSV
is then assayed by titration on various monolayer cell types
in 30mm wells. The virus is incubated for 1 hour at 33° C
with and without excess heat inactivated anti-VSV serum, thus
allowing the titration of VSV and non-VSV envelope antigen
bearing pseudotypes. Serial dilutions can be titrated on 10°
mink cells, pretreated with 25ug of DEAE Dextran per ml.
After agar overlay, the assays were incubated at 33° C and
the plaques counted after 2 or 3 days.

The harvested pseudotype supernatant grown
through HTLV producing cells was aliquoted into 1 ml wvials
(nunc) ,and stored at -70°C. The virus was serially titrated
in logarithmic dilutions. Agar for cell overlay was prepared
as follows:- 100 mls of Dulbeccos Eagle medium, 10 mls of
glutamine, 5 mls of foetal calf serum and 120 mls of Agar
liquified in a microwave with 20 mls of TPB .

The pseudotype virus could then be used to
investigate the biological properties of envelope membrane
antigens of the retrovirus from whence it was derived. This
is only possible if the host cell has the compatible
receptors for the retroviruses as VSV will not gain entry
into those cells unless it is wrapped in the envelope of the
retrovirus under study. Following entry the VSV core will
undergo replication. The cells were overlaid with 10® bovine
MDBK cells (following viral adsorbtion) before the addition
of the agar overlay. The MDBK cells thus provided a plaque
assay for replicating VSV.

In addition to assaying viral replication, the
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pseudotype assay was also used to investigate the effect of
anti-receptor antibodies and the neutralisation properties of
patients' sera. At the stage where the pseudotype was added
to the cells treated with DEAE-Dextran, a monoclonal to a
surface determinant (receptors) or serum from a patient was
added the total assay volume remaining constant. Positive and
negative control sera were included in the assay. For
example, virus was used at 10% volume with 10% volume of
a-VSV antiserum made up in complete phosphate buffered
saline.

2.4. Reverse transcriptase assay (RT)

The RT assay exploits the capacity of the wviral
enzyme to synthesize DNA from RNA or DNA templates.
Different retroviruses have different RT characteristics.
The reaction requires a divalent cation for which manganese
is most efficient for most mammalian C-type retroviruses.
However the HTLVs and related viruses preferentially use
magnesium as a co-factor. Furthermore, there is no antigenic
cross over between HTLV-I RT and the RT of animal
retroviruses, with the possible exception of bovine leukaemia
virus.

The method used to assay RT in this study is
essentially that described by Rho et al, 1981. Some
modifications were made following discussions with workers
from Dr N. Teich's and Dr R.Gallo's laboratories.
Additionally, some original amendments, were made which were
similar to those published by Hoffmann et al, (1985).

Briefly,to 4 ml of infected cell culture
suppernatant were added to 2.5 ml of 30% polyethelene glycol
in PBS. Samples were incubated overnight on ice at 4°C.
The mixture was then centrifuged at 2500-3000 g (at 4° C
where possible). The resulting pellet was resuspended in
100 -300 ul solubilizing buffer which was made up as follows
and stored at 20°C: 50mM Tris pH 7.5-7.9, 1mM Dithrothreitol
(DTT), O0.05mM EDTA, 5 mg MgCl, O0.1M KCl and 0.05% <triton
X-100.

For the assay, 20ul of virus sample was used.
Two different cocktails were then prepared, one with an RNA
template and the other with a DNA template as a control.
Samples wusing the RNA template were assayed in duplicate.
The reaction mixtures were made up immediately before use.
Quantities for 90 samples were prepared as follows and
maintained at 4°C:

Dry 90%% deoxythymidine 5! triphosphate, was
evapourated o dryness in a silicon glass tube. Reaction
mixture A. contained 900/A TTP[® H] (Amersham), 450 ) Tris
pH 7.5 1M, 90) DTT (0.1M), 45 )\ ATP



28

(0.016M), 450 poly rA poly rT (10ug/ml (RNA template),
6000 H, O,an 90 MgCl, (IM). Reaction mixture B was
iden¥ical except fdr the substitution of 450 of poly da
poly 4T (10ug/ml) ,as a DNA template instead of the RNA
template in reaction mixture A.

To 20 of the sample BOAX of the reaction mixture
was added. hey were vortexed afid incubated at 37° C for 1
hour in a shaking water bath. The reaction was stopped by
placing tubes on ice. 15 of t-RNA 15ug/ml was then added
for 10 minutes before adding cold 10% TCA. The samples were
then filtered through a millipore filter box, washed 3 times
with 5% TCA and once with 70% ethanol before drying under a
heat lamp. When dry, the filters were counted in 10 mls of
scintillation fluid in a B scintillation counter (Beckman)
for 1 minute.

2.5. Electron Microscopy (EM)

Virus producing cell lines were examined by EM
for the presence of viral particles. Approximately 1 x 10°®
cells were washed and resuspended in 1% glutaraldehyde in
PBS. Cells were fixed in 1% osmium tetroxide, dehydrated in
graded ethanol, embedded in araldite, sectioned on a
Reichert-E ultramicrotome, double stained with uranyl acetate
and lead citrate and viewed on a Philips EM 300.

Immunogold labelling was used to examine the
role of antibodies to receptors and viruses. Briefly 10°
cells were incubated for 45 minutes at 37°C, with serum
diluted 1 in 20, in PBS , and washed 3 times at 4° C in PBS
and then incubated with gold labelled anti-human
immunoglobulin IgG (Kindly supplied by Prof. M. Greaves) for
human sera or anti-mouse IgG 1labelled gold where mouse
monoclonal antibodies were used.

2.6. Immunofluorescence for viral and cellular antigens

Immunofluorescence (IF) was carried out on both
live and fixed cells in order to detect viral antigen on the
cell surface or 1in the cytoplasm, respectively. Virus
positive human sera or experimentally raised sera or
monoclonal antibodies (MCAb) were assayed in this way.

2.6.(1i) Live IF.

10 virus producing cells were washed in PBS
and incubated at 37° C for 45 minutes with human sera or an
appropriate MCAb. They were subsequently washed 3 times in
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PBS and incubated at 37°C for 45 minutes with
fluorescein-labelled anti-human or anti-mouse 1gG, as
appropriate. Finally they were washed 3 times in PBS,
resuspended in 25-30ul PBS with 10% paraformaldehyde and
placed on a glass slide and covered with a coverslip secured
with clear nail varnish.

2.6.(ii1) Fixed cell TIF.

10® washed cells resuspended in 20-25ul of PBS
were placed on a glass slide and dried in a fast air flow
for at least one hour. They were then fixed for ten minutes
in acetone and ethanol in a 1:1 ratio. The slides were again
air dried and at this stage could be stored at -20° C.
Serum diluted 1:30 (approx 20-25 ul) was incubated with the
fixed cells for 45 minutes at 37° C. After binding of the
antibody, the cells were washed 3 times in PBS for 10
minutes each wash, prior to incubation with the
FITC-conjugated second antibody for 45 minutes at 37° C. The
slides were placed in a sandwich box on moist tissues to
prevent dehydration, covered with a coverslip applied with
50% glycerol in PBS. Cells were examined as described
above, using an immunofluorescence microscope (Zeiss,with
an ultraviolet light source and the appropriate filters.
Magnification was 100x).

2.7. Studies on the mode of entry of HIV

Inhibition of infection by raising the endosomal pH
with Ammonium chloride at different concentrations (0.1-10
mM) were added to 4x 10®°ml of JM cells in 2mls of RPMI prior,
during and at various times (30,60, and 180 minutes) after
adding HIV. Cells were examined daily for the presence of
syncytia and every 2 or 3 days for the presence of viral
antigens by IF.

Amantadine ( 20mM) as well as Monensin ( 20uM) and
Chloroquine ( 200uM) were substituted for ammonium chloride
in parallel experiments.

2.8. Uridine uptake study for investigating inhibition
of HIV infection.

2.4 x 10° CEM or c8166 cells, were washed and
seeded in a 24 well tray at a concentration of 10® cells per
well. Ammonium chloride or Amantadine was then added prior
to infection with a constant volume of HIV . Actinomycin D
was added to all cells after 1-2 hours incubation, except for
the controls, and the wells incubated for 3 hours. 1 ml of
50 ci ™ uridine was then added per well , before incubation
overnight at 4 © C. The cells were then washed with
uridine and counted in a Beckman scintillation counter.
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2.9.Activation of mouse hybridoma cells

The 3DT T4 + cells were suspended in fresh media
at 10° /ml. Two Balb c mice were then splenectomised, the
spleens homogenised and the cells allowed to adhere to
plastic 10 ml dishes for 2 hours. The adherent cells were
removed by EDTA and by scraping, resuspended and irradiated
(40 Grays).

0.5 ul of spleen cells and 0.5 ml of 3DT T4 +
cells were then resuspended in 5 ml of RPMI with 10% Foetal
calf serum containing 2ul of 2 mercaptoethanol and incubated
at 37° C in 7% CO2 for 24 hours after which the supernatant
was assayed for IL-2 using CTLL IL-2 dependent cells.

2.10. Effect of 1low pH treatment on murine cell
infectability by HIV.

Prior to the exposure of HIV, murine CD4 positive
cells were incubated for 30 minutes at 37° ¢ with a CD4
monoclonal anti-body which did not block HIV infection such
as OKT4. Acid shock was acheived by exposing the cells to a
pPH of 5.5 for 3 minutes prior to HIV binding for 45 minutes
at 4° C. Evidence of infection was sought by syncytial
formation and IF, as previously described.

2.11. Testing of drugs for anti-HIV activity

The drugs used in this study were phosphonoformate and
suramin derivatives. The method is similar to that described
for investigating the efficacy of weak bases. Two mls of
supernatant from H9 HTLV111B cells with an average RT count
of 10,000 counts per minute ,was added to 3mls of uninfected
H9 or JM cells (5x10.°ml), and the drug added at previously
determined non toxic-doses. 1In the case of phosphonoformate,
the 1levels of 50,100,150 and 200ug/ml were used as these
doses were known to be readily attainable in vivo. Infection
was assessed daily by looking for syncytial formation and for
viral antigens by IF every second or third day. The cultures
were passaged twice weekly with fresh drug added to maintain
a constant concentration throughout the experiment.
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2.12. Assays for detecting antibodies

A wide range of assays:- IF, Enzyme linked
assays (ELISA) and various forms of radioimmunoassays (RIA)
were used to detect antibodies to HIV.

2.12.(i) 1IF (live or fixed cell)

This was performed as described under IF (2.6), in
the above section.

12(ii) Immuno alkaline phosphatase staining of
cytocentrifuged cells

This method was investigated since it is
considered to be highly sensitive. However, it was not used
routinely for screening because it is more complex and time
consuming. Furthermore the background staining was not
significantly less than that encountered by live or fixed IF.
The methodology 1is briefly described as follows:- white
bloodcells were suspended at a density of 1 x 10® per ml in
buffer containing 1-5% bovine serum albumen and
cytocentrifuged, prior to being air-dried at room temperature
for 18-24 hours. Slides could then be wrapped in aluminium
foil and stored at -20° C. Before staining, the cells were
allowed to reach room temperature.

Slides were fixed at room temperature in acetone for
10 minutes or in buffered formol acetone (BFA) for 30
seconds. If acetone fixation was used, smears were allowed
to air-dry thoroughly for at 1least 15 minutes, before
applying primary antibody. After BFA fixation, slides were
rinsed in distilled water and transferred to Tris buffered
saline (TBS). Monoclonal antibody was added and incubated for
30 minutes, followed by washing and further incubation with
anti-mouse immunoglobulin for 30 minutes. Alkaline
phosphate anti-alkaline phosphatase, (APARP) immune complexes
were added after further washing, and incubated for 30
minutes. After additional washes, alkaline phosphatase
substrate (obtained from D. Mason, Oxford) was added and
incubated for 15 minutes. The slides were then washed with
tap water and counterstained with haematoxylin prior to
mounting in a suitable aqueous mounting medium.

2.12.(1ii) Enzyme linked immunoassay (ELISA)

Colormetric enzyme linked immunoassays are
widely employed for the detection of HTLV antibodies.
Antigen from purified virions is bound to a solid phase in
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mitrotitre plates. Positive ELISA registers binding of
antibody in HTLV-1 sera. Commercial assays (Dupont) were used
to check HTLV-1 sera that had previously been tested by IF or
SFI.

2.12.(iv) Competitive Radioimmunoassay (RIA)

Competitive RIA was not carried out by the author
being part of collaborative exercise in Dr.R. Tedder's
laboratory at the Middlesex Hospital (Tedder et al 1984).

Antigen was prepared from an efficient virus
producing cell line (C91/PL, Popovic et al (1983) in the case
of HTLV-1 and Cem-CBL-1 lines using an HTLV-IIT like isolate
for HIV (Weiss et al 1985b). Cells were harvested, washed
and pelleted (approx 10° cells). The pellets were
resuspended in distilled water to give a 10% suspension,
frozen and thawed three times, pooled and stored at -40° C.
This preparation was used as antigen for the RIA.

The assay was performed briefly as follows.
Globulin fraction (100ml), prepared from a seropositive
patient, either HTLV-I,II or HIV, were used to coat strips of
flat bottomed polystyrene wells (Removawell, Dynatech Ltd).
IgG was purified by ion exchange chromatography from a
similar serum and labelled with 257 (Amersham
International). Free binding sites on the binding phase were
washed and blocked with Bovine serum albumin (BSA). To each
well was added 100ul of a dilution of HTLV antigen which was
then incubated overnight to immobilise HTLV antigen, via the
intermediate antibody, on plastic. The antigen coated solid
phase was then washed. 25ul of anti HTLV positive and
negative sera (controls) and test sera were then added
separately to single wells. 75ul of a dilution of **°
Iodine anti HTLV IgG (containing approximately 60 Ci **% 1)
were added to each well and the mixture incubated overnight
at room temperature. The wells were then washed and **° I
anti HTLV binding measured. The test variables were arranged
so that negative sera for anti HTLV bound only 1-2% of the
label while sera or serum dilutions were considered to
contain anti-HTLV if they reduced specific binding by greater
than 50%.

2.12.(v) Competitive ELISA

This test was performed by Dr R.Cheingsong-popov
and Ms S.Clayden. It is a development of the competitive RIA
retaining the sensitivity and specificity of the RIA, whilst
replacing the radioactive label with an enzyme-based assay
system. The test is easier to use than RIA as well as being
able to dispense with radiocactivity.
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Anti HTLV IgG was coupled to  horseradish
peroxidase  (HRPO) (instead of ™®®1 ) to achieve a
substitution ratio of 3HRPO:1 IgG (performed by Wellcome).

The rest of the test was then carried out as for
the RIA, with the exception of the final wash which was done
with saline containing 0.1% Tween- 20. The cells were
subsequently aspirated to dryness. 100ul of
tetramethylbenzidine in citrate/acetate buffer pH6.0
containing 0.003% H, 0., were added to each well. After 20
minutes the reaction was stopped with 2mol/l sulphuric acid
and the colour produced measured spectrophoto-metrically at
an optical density of 450nm. Sera or serum dilutions giving
50% or less of the colour generated in wells containing
negative HTLV markers, were considered to contain anti HTLV
antibody.

The same methods were essentially used for
HTLV-I, II and III, where the appropriate antigen and
conjugate are used (Serwadda et al 1985).

2.13. Preparation of DNA from peripheral blood
lymphocytes and cultured cell lines

Approximately 107 cells were pelleted by
centrifugation, washed in PBS and resuspended in 1ml of
buffer A ( 10mM Tris pH 8,10mM NaCl and 10 mM EDTA pHS8).
10ml of 20mg/ml proteinase K mixture were added to the buffer
aggregate followed by 25ul of 20% SDS mixture and the whole
incubated at 37° C overnight in 5-10% CO2 .

10 ul of RNAse A (10ug/ml) was then added and
the whole incubated at 56° C for 2-3 hours, following which
an equal volume of ethanol/CHCl® was added slowly and was
mixed gently. Following centrifugation, (10,000 g) for 15
minutes, the aqueous phase was removed, and 1/40 volume of 4M
NaCl added. Cold ethanol (2.5 volume) was then added before
freezing in a dry ice- methanol mixture for 5 minutes.

Following centrifugation (11,000g) for 20
minutes and washing in 70% ethanol, the pellet was dried
under vacuum prior to resuspension in TE. (at least 200 ul).

2.14. Southern Blotting

An agarose gel electrophoresis was carried out for 12
hours at 25V.( constant voltage). An orange marker was
included in the DNA samples to act as a tracker dye. The
gel was observed under a UV transilluminator, and washed for
7 minutes in 250 mL 0.25M HCl with gentle agitation. It was
rinsed in distilled water , washed in denaturing solution
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(0.5M NaOH, 1.5M NaCl), 250mL, and rinsed in distilled water
again prior to washing in 3M Nacl, 0.5M Tris HCl, pH 7.4)
250mL, neutralising solution.

The blotting apparatus consisted of a large
plastic tray on which was placed a glass plate in such a way
that a sheet of Whatman 3mm paper placed across the plate
hung down into the tray at both ends. 20x SSC 3M NaCl, 0.3M
Na citrate pH 7.0 was poured onto the paper and bubbles
squeezed out with a glass rod in order to maximise contact.

The neutralised gel was placed on the blotting
apparatus and a Hybond-N nylon membrane placed on top. The
membrane was protected from the filter paper stack, placed on
top of the whole, by cling film. The Whatman no. 1 filter
paper was soaked in 3 x SSC and a stack of paper towels
secured by a heavy weight placed on top. The 'blot' proceeded
for about 2 hours with frequent changes of wet towels, as
they drew the SSC through the filters, (every 5 minutes at
first, slowing to every 15 minutes as less SSC was drawn).

When the blotting was complete the filter was
marked with a biro and peeled from the gel, rinsed in 3 x
SSC, Dblot dried and placed in air oven at 65°C for 10
minutes, following which it was wrapped in a single layer of
Saranwrap. The wrapped filter was then placed on the UV
transilluminator for 30 seconds. (The UV 1light covalently
links the DNA to the filter). The blot was then cut in half
as marked by biro previously, in order to fit the
hybridisation chambers.

2.14.(i).Blot hybridisation

Filters were washed with gentle shaking for one
hour at 65°C in a pre wash solution made up as follows: 1.5
X SSPE, 0.5% dried milk (Marvel), 1% SDS and 6% polyethylene
glycol 8000 or 6000. (1.5 x SSPE is 0.27M NaCl, 15mM Sodium
phosphate (pH 7.7), 1.5mM EDTA). Hybridisation solution was
the same as the pre-wash. The probe was denatured by boiling
for 10 minutes and cooled rapidly in ice/water. The probe
was added to the hybridisation mix (20 ml) and mixed gently
prior to hybridisation at 65° overnight with gentle shaking
in a special perspex chamber sealed with wing nuts. Post
hybridisation washing was performed in a solution of 150 ml
of 3 x SSC, 0.1% SDS preheated to 65° , 3 times, 10 minutes
each, with change of solution (Reed and Mann 1985).

The filter was then washed for 15 minutes each
in stringent wash solution 0.5 x SSC, 0.1% SDS. The filter
was blotted dry (but not allowed to dry out completely) and
wrapped in Saran wrap prior to autoradiography.
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2.14.(1ii).Autoradiography

The filters were placed on a piece of card and
wrapped with a further layer of Saran wrap and placed in an
X-ray cassette fitted with intensifying screens. A sheet of
film was then placed over the card indexing the top left hand
corner of the card and film (Laskey 1980)

The cassette was then put in a -70° freezer for 2
days.

2.15. Western blotting

Chronically HIV infected cells ( HS,CEM or U937)
were pelleted at 2000 r.p.m. for 5 minutes and washed in
phosphate buffered saline (PBS). Prior to electrophoresis on
7.5.-15% acrylamide gels, 1x10® cells per track were boiled
in 0.1M Tris-HCL, 4%SDS, 2% 2-mercaptoethanol, and 20%
sucrose, ph 7.0. After completion of the run, the proteins
were blotted onto nitrocellulose. Blots were blocked in milk
proteins (3% dried milk in PBS) and washed with 0.5% PBS
Tween20, followed by cutting into strips and incubating with
various anti-HIV sera. After washing the blots were incubated
with anti-human IgG conjugate with horse radish peroxidase.
The bands were visualised with 4-chloro-1-napthol after three
futher washes in PBS Tween.

2.16. Studies on cell lines established by the author
2.16.(i). Cellular proliferation assay.

The rate of DNA synthesis was measured with and without
stimulation with PHA, phorbyl myristate acatate (PMA),
conconavalin A(con-A) at 2ug/ml and interleukin 2 (IL-2) .
Cultures were set up in quadruplicate in 96 well plates for
72 hours.(10® cells per well). Five hours before collection
each well was pulsed with 0.5uCi Me®H thymidine with a
specific activity of 5 Ci mM-1.({(Amersham). The plates were
collected wusing a multicell cell collector and Titertek
collection filters. Tritiated thymidine incorporation was
determined by a liquid scintillation counter (Beckman).

2.16. (ii) 1IL-2 production.

10®° cells in 1 ml of RPMI was incubated in 24-well flat
bottomed tissue culture plates, with 20ug/ml of PPD. After 48
hours incubation at 37° C the supernatants were collected and
tested for the presence of IL-2, using an IL-2 dependent cell
line CTLL. 10® CTLL cells were incubated in triplicate in 96
well round bottomed plates in the presence of serial
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dilutions of IL-2 containing supernatants. Six hours before
harvesting 1uCi of Me®H thymidine was added to each well.

The specific activity of the thymidine was 5Ci mMol.
CTLL cells were harvested after 24 hours with a multicell
harvester and thymidine incorporation was determined by
liquid scintillation counting. Radiocactivity was expressed as
counts per minute (c.p.m.), of triplicate cultures.

2.16. (iii) Cytotoxicity assay.

Cells were cultured with PHA Sug/ml or PMA 10 ug/ml for
24 hours, washed once and resuspended in 0.5ul supplemented
RPMI. 0.1 ml of cells set up as triplicates of four threefold
dilutions were seeded in 96 well plates (Sterilin) and
incubated in a total volume of 0.2 ml with K562 or T24 target
cells at a density of 3 x 10® per well. The target cells were
labelled with Na, (®**Cr),OH,(specific activity 100-400Ci per
mg Cr,Amersham). The Cr-release was stopped after 3 hours
incubation by centrifugation (300g for 10 minutes at 4° ().
Y Cr release ( c.p.m.) were determined by counting gamma
counter, using 100ul of supernatant aliquots. Maximum release
c.p.m. were obtained from wells containing radio-labelled
target cells in 5% Triton X-100 (BDH).Specific 1lysis was
calculated as follows:
%specific lysis=experimental.- medium control cpmx100
maximum release.- medium control,cpm.
These methods are as described in Malkovsky et al
1982, and Collizi and Malkovsky 1985.

2.16.(iv) Growth factor assay.

To examine the effect of culture supernatant from these
new cell lines on the growth of cells, round bottomed plates
were used, with 100ul of cells with supernatant or medium as
control. The target cells were pulsed with tritiated
thymidine, as described, and harvested at 48, 72 and 96,
hours. )

- 2.17 Preparation of Monocytes.

Mononuclear cells were separated by centrifugation over
Ficoll-paque, as previously described (2.1.(i)). Monocytes
were purified on a discontinuous density gradient of percoll.
Stock percoll was prepared by mixing 9 parts of percoll
density 1.13 g/ml with 1 part to 10 parts medium. Three
densities of percoll were made by mixing with Eagles medium
in the following ratios: 40:60, 50:50, 60:40 to give percolls
of 1.057, 1.066 and 1.074g/ml respectively. Mononuclear cells
( approximately 40 x10° were suspended in 2ml of percoll at
1.074 g/ml) and placed in a 10 ml tube with the above
dilutions gently 1layered on top in aliquots of 2ml. After
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centrifugation at 2200 g for 90 minutes at room temperature,
the monocytes were found to be at the interface of the 1.057g
and 1.066g/ml density bands of percoll. The band was removed,
washed, and the viability checked with trypan blue exclusion
prior to counting. Non specific esterase staining was used to
confirm that the cells were of the monocyte lineage (Al
Sumidaie et al . 1984). Some monocyte cultures were prepared
by spinning on Nycodenz as recommended by the manufacturers.
(Nyegaard, Norway). This method was not as efficient as the
one described above.

Monocytes were expanded using a monocyte growth factor
obtained from Dr M. Dexter of Manchester University. This was
used at a 5% dilution. Later on in the project GM-CSF and
IL-3 from Biogen were used in preference when available.

2.18 Transfected cell lines expressing CD4.

L cell transformants that expressed the CD4 molecule
were constructed using genomic DNA from the T cell leukaemic
line HUT-102. Subtractive hybridisation from the mRNA of
peripheral blood lymphocytes, allowed the cDNA encoding the
CD4 molecule to be used as a probe to isolate a cDNA
encoding the CD4 molecule . This work was performed by P.
Maddon who also transfected the other cells described
hereafter, (Maddon et al 1985). The CD4 gene was introduced
into two retroviral expression vectors ; pvcos’7 and
pMvetk/neo, which contain the Moloney murine leukaemia virus
long terminal repeats (LTR's) flanking a single ECo Rl
cloning site. The 5'LTR promotes transcription through the
cloning site and the 3'LTR contains sequences necessary for
cleavage and polyadenylation. The vector pMV6/tk contains the
HSVtk promotor fused to the coding region of the neomycin
phosphotransferase gene. The construct employing pvcos?7
requires transformation with an in-linked selectable marker,
whereas pMVetk/neo carries the neomycin resistance marker,
which permits co-transformation. WNeo+ colonies of NIH 3T3
cells obtained after transformation were selected for by
their ability to grow in media containing the neomycin
analoque G418, and they were screened using the rosetting
procedure to detect the expression of CD4 on the cell
surface. Cb4 positive cells were confirmed by
cytofluorometry.

The first lines tested were the transfected mouse L. and
NIH 3T3 cells.

Initial studies showed that these cells were unstable
with regards to the expression of CD4. Prior to infection
assays the cells were checked for the expression of CD4 by
I¥. Preliminary studies used a 1:1 ratio of the highest virus
producing cells and the transfectants. The virus producing
cells were allowed to die in the HAT or G418 media. Infected
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cells were also killed with radiation (5000 rads) prior to
co-cultivation. Known infectable cell lines were used as
controls throughout these studies.

e &

The production of Mouse Molony retrovirus (MMV) gave
positive results in the (?T‘aéég)as/a murine ecotropic virus
would not plate, (receptor interference). The cells caused
syncytia in XC cells upon co-cultivation.

A CD4 expressing NIH 3T3 cell 1line that did not
produce Moloney virus was therefore constructed. Briefly a
full 1length CD4 cDNA was subcloned into an eukaryotic
retroviral expression vector containing the neo gene which
was subsequently transfected into a Moloney packaging mutant
cell line. Viral stocks were collected and used to infect NIH
3T3 cells and a CD4+ line VIT4 was identified by rosetting
with the OKT4 anti CD4 monoclonal antibody. These cells did
not produce MMV. The same techniques were used to infect
another mouse fibroblast cell line Balb/c 3T3.

Mouse T cell lines ( Greenstein et al 1984), were
tansfected with CD4, as well as CD8, and both transformants
were single cell cloned. The early transfected mouse
fibroblasts where the cells produced MMV, were reconstructed
using a retroviral expression vector pMV7.

2.19 Human transfected cell lines.

The Human cells were constructed differently, wusing
defective murine ecotropic and amphotropic proviruses
containing NIH 3T3 cells , Y2 and Y4 respectively. As both
cell 1lines are incapable of encapsulatig endogenous viral
RNA, the introduction of pMV7 into these cells 1leads to
replication defective stocks, which can then be used to
introduce CD4 sequences into other cells. Further details are
given in Maddon et al 1986.

2.20 PATIENTS

HTLV-1 studies using SF and Pseudotype (PT)
assays as well as the competition RIA were carried out on 4
groups of patient's sera. Those known to be at risk of
HTLV-1 infection due to their ethnic origin, those presenting
with a lymphoma with characteristics of ATLL, those with
neurological conditions and patients in the "at risk" groups
for AIDS and its related conditions.

The presence of HTLV-1 associated ATLL had been
described by Catovsky et al 1982 in patients of Caribbean
origin. Marked geographic and familial clustering had been
described in Japan (Hinuma et al 1982). It was, decided to
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look at a general practice in the West Midlands (Dr. A.P.
Joseph) with a large number of immigrants of caribbean
origin. 100 black patients were interviewed and a sample of
serum collected for HTLV-1 antibody analysis. The aim was to
study the family members in those patients who were found to
be seropositive. This study was then extended to a 1large
general practice in West London (Dr. A. Haines) in order to
establish the frequency of infection and the extent of
familial clustering.

A further group of patients who presented with
ATLL or similar T cell lymphomas were also tested to
establish the connection between infection and the
development of malignancy. A large number of patients with
aggressive lymphomas, not typical of ATLL, were also screened
using the above mentioned techniques as well as IF. Sera was
used at high concentrations diluted to 1/4., in order to
maximise the ability to detect similar retroviruses.

Sera from patients at risk of AIDS and related
conditions were examined for HTLV-1l antibodies after it had
been reported that HTLV-1 could be isolated from some of
these patients (Gallo R.C. 1983) and a similar but different
virus had been detected by Montagnier's laboratory (Barr
-Sinoussi et al (1983). These patients included 22 with
AIDS, 80 patients with persistent generalised lymphadenopathy
syndrome (PGL), 28 contacts of the above patients, 621
asymptomatic homosexuals, 113 drug addicts, 85 haemophiliacs
and a 1000 blood donors taken at random used as controls.
Some of these patients who showed weak HTLV-1 reactivity were
also tested for HTLV-II antibodies.

Patients with AIDS and at risk of AIDS were also
studied with the intention of isolating a (then) wunique
retrovirus. With the availability of isolates from Dr.
Montagnier's and Dr. Gallo's laboratory (Gallo et al. 1984),
the epidemiology of these viruses was established in these
groups using similar techniques to those used to detect
HTLV-1 antibodies, with the use of HIV antigens instead of
HTLV-1.

Furthermore, using a well documented group of 28
homosexual patients seen at St. Stephen's Hospital (Gazzard
et al 1984) the pattern of <transmission from symptomatic
patients to asymptomatic patients was investigated.

Using immunofluorescence the serological
similarities and differences of the BAmerican and French
isolates was investigated.

During the course of these studies it became
evident that AIDS was epidemic in Africa. 2 groups of
patients were investigated for HTLV-III antibodies and virus
isolations attempted where possible. The first group of
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patients were those with Kaposi's sarcoma from Zambia and
Uganda. Patients with the classical or endemic variety as
well as those with the atypical or aggressive variety similar
to the KS seen in AIDS patients in the West were examined for
HIV antibodies. These patients were examined by Prof. Anne
Bayley and Mr. William Carswell and lymphocytes and serum
supplied by Prof. Anne Bayley and Dr. R. Downing, who also
described and supplied samples from patients suffering from a
new disease, known locally as "Slim" disease. Since many of
these features, such as weight loss, diarrhoea and oral
infections had been described in AIDS and AIDS at risk
patients in the West, these patients were also investigated
for HIV antibodies. These studies lead to widespread
screening throughout Africa, which confirmed that HIV was
endemic .

The knowledge that previously undiscovered
groups of human retroviruses could cause disease, including
malignancy and acquired immunodeficiencies, suggested that
other diseases hitherto suspected as having an as vyet
unproven infectious aetiology, led to the screening of large
numbers of patients from these groups.

Sera and fresh lymphocytes were obtained from
patients with:- Sarcoidosis, supplied by Dr. D. Mitchell and
Prof. M. Turner Warrick of the Brompton Hospital. Hodgkins
disease, supplied by Prof. M. Peckham and Dr. A. Horwich of
the Royal Marsden Hospital, ICR and Dr. R. Cartwright of the
Leeds lymphoma registry. Non-Hodgkins lymphoma, seen at the
lymphoma clinic of the Royal Marsden Hospital by the author.
Non A, Non B hepatitis, supplied by Dr. H. Thomas at the
Royal Free Hospital and Dr. G. Alexander of Kings College
Hospital. Crohn's disease, supplied by Prof. J. Herman Taylor
of St. Georges Hospital. Multiple Sclerosis, supplied by
Prof. 1I. McDonald and Prof.I. Davison, National Hospital,
Queen Square. Guillain-Barr Syndrome from the same source.
Tropical spastic paresis, from the same source. Lymphomas
arising in Coeliac disease from Prof. Isaacson, University
College Hospital (UCH). Hairy cell leukaemia, Dr. Cawley
(UCH). Hypogammaglobulinaemia from Drs. D. Webster and G.
Asherson, of the Northwick Park Hospital. Aplastic anaemia
from Prof. Hoffbrand, Royal Free Hospital. Rheumatoid
arthritis from Prof. G. Panayi, Guys Hospital. Systemic Lupus
Erythematosus, from Dr. Venables (Kennedy Institute. The post
infectious syndrome or encephalomyelitis syndrome by Dr.
Behan, Glasgow. Other assorted autoimmune diseases from the
Department of Immunology, Middlesex Hospital.
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3. RESULTS: Serological studies on HTLV-1 and HTLV-11.

3. 1. Syncytium Formation (SF) and pseudotype (PT) assays
on HTLV-1

Initial investigations were performed to determine

the prevalence of HTLV-1 and HTLV-11 in London homosexuals.
Optimumal conditions for the syncytial formation assay were
first assessed, e.g. the ratio of indicator to infected cell
concentration. Three cell lines were used. Two HTLV-1 producing
lines, C91/PL and C10MJ2, and an HTLV-11 producing cell line;
SGO/MO. The indicator cell line was the human osteosarcoma
line , HOS which was seeded at the following concentrations ;

3, 4, and 5 x 10%. 50ul of 6x10® virus producing cells were
added to the above concentrations of HOS cells in 50ul of RPMI.
SF was read after overnight incubation. The wells with the
most syncytia were those with the highest concentration of
HOS cells. HOS cells at a concentration of 5 x 10* were used

in the following experiments.

The concentration of cells required to induce syncytia
in HOS and XC cells were also examined with and without the
addition of dexamethasone. The results are shown in Table
11.
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TABLE 11

The effect of Dexamethasone on HTLV-1 induced syncytia.

Dexamethasone HOS cells
ug/ml
No. of C91/PL cells per well.
10°% 10¢
20 5 25 18 25 6 6 8 6
Pre 2 16 26 16 70 11 14 8 11
incubated 0.2 27 29 34 40 7 5 4 o
0.1 34 32 33 32 14 12 4 19
20 29 33 35 33 9 11 16 19
not 2 28 30 22 29 21 14 20 22
preincubated 0.2 23 23 29 30 13 23 15 15
0.1 28 25 39 35 18 20 17 27
Control 22 35 30 23 913 8 7

Number of syncytia per well.

Prior to mixing with 5x10“ HOS cells, two concentrations of
91/PL cells were incubated for 1 hour at 37°C, with different
concentrations of dexamethasone, in a total volume of 100ul.
The lower columns show the effect of the same doses of
dexamethasone added at the same time as the HOS cells.

TABLE 111
Inhibition by Patients Sera of HTLV-1 and HTLV 11 SF assays.

MO cells (HTLV 11) C91/PL (HTLV 1)

SERA 1/50 1/10 1/50 1/10
AB{-ve control) ++4+ +++ +++ +++
HTLV-I (ATLL)(+control) - - - -
PGL (4 patients) +++ - - -
No sera +++ +++ +++ +++
Other sera +++ +++ +++ +4+4
where - = no syncytia and, therefore, inhibition.

{ from Tedder et al 1984)

Using the optimal conditions previously established in
the SF inhibition assay using €91, MO and HOS cells, was carried
out. Serum at a dilution of 1/10 or 1/50 was added to a final
volume of 100 ml per well. Syncytia were sought after overnight
incubation.
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Dexamethasone had no effect on the SF assay even when
pre-incubated with virus producing cells overnight.
(data not shown). The above experiments were repeated using
cyclosporin A at doses between 0.25 and 10 ug/ml. No effect
on the SF assay was seen with either drug at any dose.

One of the first 10 sera investigated was positive
for HTLV-1 antibodies by the SFI assay. The inhibition was
as marked at 1 in 50 dilution as it was at 1 in 10, and

weak cross-reactivity to HTLV-II antigens was seen.( Table IIT).

Further SF assays were performed on sera from
homosexuals with AIDS, PGL, their contacts and well patients
attending one of 3 sexually transmitted disease clinics in
London. 1 other PGL patient was found to be positive on SFI
as well as by live cell IF.

Peripheral blood lymphocytes were cultured from this
patient using PHA and interleukin-II as described under
Methods. After 1 week 1% of cells expressed HTLV-I antigens
as determined by live cell IF, using a known HTLV-I positive
sera. At 6 weeks, 100% of cells expressed HTLV-I antigens by
IF.

Sera found positive by SFI were also positive on
C91/PL cells by IF. Approximately the same percentage of
cells fluoresced with different positive sera.

It was concluded that inhibition of SF using the
method described is an efficient and reliable method for
detecting HTLV-I antibodies.

Induction of syncytia by the HTLV-II line (MO) was
found to be less reliable as the amount of antigen produced
varied. (as determined by SF and IF.)

Pseudotypes (PT) of HTLV-I and 1II were prepared as
described under Methods and the neutralizing titre of each
positive sera determined. The results showed a greater
degree of sensitivity than SFI. These results are shown in
Table IV and were performed with P. Clapham. Table V shows
the overall prevalence of HTLV-1 anti-bodies in the different
populations studied.



Table 1V. Titre and specificity of HTLV antibodies
in homosexual patients and drug addicts.

RIA SF PT

serum donors HTLV-1 HTLV-1 HTLV-11 HTLV-1 HTLV-11
PGL 1 300 300 10 1250 <10
PGL 2 1000 300 300 1250 250
PGL 3 30 30 <10 250 <10
PGL 4 30 100 <10 50 10
control 1 30 100 <10 50 10
control 2 10 30 <10 50 <10
drug addict 1 10 30 1000 50 6250
drug addict 2 3 10 1000 10 6250
drug addict 3 3 30 1000 50 6250
drug addict 4 3000 300 30 31,250 250

Antibody titres are given as the reciprocal of serum dilutions.

Two PGL patients are positive for HTLV-1 antibodies by all three
assays. Patient PGL 2 is also positive in the HTLV-11 SFI assay.
This probably represents a cross reaction, as the reactivity of
sera from the drug addict patients are clearly HTLV-1 or 11..

Table V. HTLV antibodies in patients attending
genito-urinary medicine clinics, haemophiliacs, drug addicts
and blood donors.

Serum donors Proportion with
antibody to HTLV-1.

AIDS 0/22
PGL 4/80
LA 1/60
AIDS contacts 0/27
Control homosexuals 2/621
Drug addicts 4/113
Haemophiliacs 0/85
Promiscuous male heterosexuals 0/26
Unselected blood donors 0/500
Blood donors born outside NW Europe 0/440

These results were obtained using the competitive RIA. The
identification of HTLV-1 antibodies in drug addicts lead to the
more detailed studies shown in table 1V, above.
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3.2. Further investigations on sera from homosexuals from the USA.

SFI was performed by the author and PT assay by P.
Clapham. The results were completely consistent between the
two assays. they were performed "blind" and compared afterwards.
Sera in the SFI assay were tested at 1 in 10 and 1 in 50 dilutions.
Four of the sera (out of 48) were positive for
HTLV-I1. Only 1 was positive at 1 in 50 dilution in both
assays.

3.3. Sera from a Birmingham G.P. practice.

100 persons of families of Caribbean origin who
responded to a request for a blood sample were tested using
the Radioimmunoassay (RIA). One, a 45 year-old 1lady was
HTLV-I positive by this assay. Her husband and 4 children, 2
of whom had never been outside the UK, were then tested.
Her husband and 2 eldest children over 20 years of age were
found to be positive by RIA, SF, and PT assays.
PBL's from the index case were grown in culture and
were found to display HTLV-1 antigens as measured by IF. Both
her own and her husbands sera were positive against her own cells
grown in vitro. None of her children were positive against her
own cells, which suggested that her 2 children who were positive
in other assays had lower titres of antibody.(Matutes et al 1986).
PBL obtained from her seronegative children did not
show HTLV-I antigens by IF. Cells were not obtained from her
2 seropositive children.

3.4. Lymphoma Patients

During the course of these studies, various patients
with T-cell 1lymphomas were referred for HTLV-1 antibody
testing. Two of these patients were positive by SF and PT
assays and later confirmed by RIA. These 2 patients were of
particular interest as they had none of the recognised risk
factors for HTLV-1 such as originating from an endemic area,
with the possible exception of patient 1, who had spent 2 years
as an English teacher in Japan returning home 2 years prior to
his presentation. He denied blood transfusions, injections or
extramarital relations whilst in Japan.

Patient 1: A 50-year old white school teacher presented in
Norwich with a 6 month history of night sweats and a facial
and abdominal erythematous rash. On examination he had
moderate splenomegaly and mild lymphadenopathy. A full blood
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count showed 90,000/mm3 abnormal lymphocytes reported as
suggestive of hairy cell leukaemia. A bone marrow
aspiration/biopsy revealed lymphocytic infiltration with
depression of other elements. The lymphocytes were of T cell
phenotype, post thymic at the prolymphocytic stage of
differentiation. His wife was seronegative.

Patient 2: A 67 year old white lady presented with
hypercalcaemia, hepatoplemomegaly and lymphadenopathy (the
classic features of ATLL). She had never left the U.K. and
never had a blood transfusion. She worked in the dockland
area of Glasgow during the war, frequented by sailors, many
of whom were from the Caribbean. A possible sexual origin
appears to be the only possible mode of contact (Cunningham
et al, 1985).

Pseudotype titrations on these and other patients
with T cell lymphoma patients are shown in Table VI.

TABLE V1

HTLV-1 PT. neutralisation studies on lymphoma patients' sera

Controls Patients 1-6
- + Pl P2 P3 P4 P5 Po
Dilution 1 in 10 35 - - 5 4 30 40 35
1 in 50 35 - - 5 22 30 40 40

no. of plaques per well

Patient 3 was seropositive by RIA at low titre and had a
T cell non Hodgkins lymphoma not classical of ATLL. She was
from the Caribbean.

Patients 4-6 were non Hodgkins lymphomas (T cell origin)
Caucasian, with no known risk factors.

In view of the above findings, all patients with ATLL
were actively sought and relatives tested for HTLV-1
antibodies where possible. The initial studies are shown
in Table V11l.
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Table V11.

Studies on ATLL patients and their relatives.

age/sex, Relationship, Place of Years in HTLV-1

birth , UK., antibodies
(SFI,IF and RIA)
1. ?/M Husband Granada 0 +
2. 50/F Wife Jamaica 20 +
3. 64/M Father Trinidad 30 -
4. 62/F Mother Trinidad 30 +
5. 27/M Brother UK 27 -
6. 24/F Sister UK 24 +
7. 46/M Father Jamaica 24 +
8. 43/F Mother Jamaica 24 +
9. 25/F Daughter Jamaica 18 +
10. 22/M Son UK 22 +
11. 21/M Son UK 21 -
12. 18/F Daughter UK 18 -

Donors 1,2 and 3-6 are relatives of three ATLL patients; donors
7-12 are members of a caribbean family in which many are HTLV-1 +
but none has ATLL. Patients 3,4,5 and 6 have visited the Caribbean
for 4-6 weeks and patients 7and 8 for about 1 year.

(From Matutes et al 1986).

In order to extend our knowledge of HTLV-I in the UK, a
collaboration between Prof. Greaves, Dr. Catovsky, Prof. A.
Lister, A. Haines and R.A. Weiss and the author was formed in
mid-1985 to pool all data and screen as many sera as possible
by competitive RIA. These results are being prepared
for publication. They clearly show that HTLV-1 tends to
cluster in families and that seropositivity is rare in
children. The occurrence of HTLV-1 in subjects who were born
and reared in the UK suggests that the infection may be
acquired perinatally or via breast feeding. This pattern
strongly supports data from Japan by Tajima et al.(1982),
although why seroconversion occurs after some 15 years is not
clear.

HTLV-11 was first isolated from a patient with hairy
cell leukaemia ( Kalyanaraman et al.1982). Using sera obtained
from Dr. J. Cawley at U.C.H., 28 sera from patients
with hairy B cell leukaemia were examined for HTLV-1 and 11
antibodies by SFI and IF. One was positive for HTLV-1l and
weakly positive for HTLV-II which probably represents a cross-
reaction. It is therefore unlikely that HTLV-11 is an
aetiological agent of hairy cell leukaemia, as previously
suggested by Gallo et al. (1983).
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3.5. T-cell lymphomas seen at the Royal Marsden Hospital.

Three patients with unusual T cell lymphomas were
tested for HTLV-1 and 11 antibodies by SFI. They were all
negative. However, one of these patients, a 52 year old
woman with an aggressive mediastinal lymphoma, was faintly
positive by IF using sera at a concentration of 1 in 4. At
this level there was an increased level of background on
uninfected cells.

This result may indicate the presence of a related virus to
HTLV-1. A virus isolation was not attempted as the patient
was not available for a repeat blood sample.

3.6. Viral isolations from patients with AIDS and at risk of AIDS

At the time of commencemgpt of this project,
Montagnier and his colleagues (BaryxSinoussi et al. 1983),
had reported the isclation of a new retrovirus from a lymph
node biopsy of a PGL patient which was stimulated in-vitro
with PHA followed by IL-2 and anti a -interferon. RT activity
was detected on the 15th day and budding virus-like particles
were observed on EM. A second biopsy from a different patient
did not produce RT, yet antigens were detected on the cell
surface by serum from the first patient, as well as with
autologous sera. The sera also cross reacted with membrane
antigens by IF on cells producing HTLV-I. However, antibodies
prepared against pl9 and p24 of HTLV-I did not react with
cells infected by the new virus. It was therefore tempting to
think that the new virus was related yet different from
HTLV-1 and 11. In spite of the EM and RT findings, further
characterization was not obtainable at this time due to the
lack of a permanent virus producing cell line.

From February 1984 attempts to obtain such a cell line
were made in these laboratories using patients with AIDS or
PGL. A similar disease to AIDS known as simian AIDS had been
reported in rheusus monkeys and a-D-type virus isolated in
Raji (EBV-transformed) B-cells (Gravell et al 1984; Marx et
al 1984; Daniel et al 1984). It was therefore decided to try
co-cultivating lymph node (LN) samples with Raji cell lines.
Four lymph node samples from 4 PGL patients were dissected
and established in culture using PHA and IL-2 (prepared from
human tonsils). Co-cultivation with Raji cells were made on
days 2-5. IF and syncytial formation (on HOS cells) were
performed weekly. The RT assay was not performed during
this period.

After 14 days in co-culture, positive IF was observed in
some cultures, with certain sera. Only one line was
positive at 21 days and no syncytia were observed in Raji
cells (Table V111). Patients 1 and 2 were positive for
HTLV-1 antibodies. 1In retrospect patient AIDS 3, may have
expressed evidence of HIV production on day 14. Results
obtained on patients 1 and 2 are more difficult to interpret
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as these patients were positive for HTLV-1.

During these attempted isolations supernatant from
Montagnier's LAV-1 isolate was received (20/2/84). The
supernatant was co-cultivated with four CD4 positive leukaemic
cell lines,( CEM,HUT-78,C10/Mj2 and MOLT 4), as well as Raji.
They were incubated with 0.2 ml of DERE-Dextan for 30 minutes
prior to overnight incubation.

The cells were grown up into 50 ml flasks and passaged
twice a week with anti-o interferon (10 units/ml).

Every week the cells were examined by IF against a
range of sera (at 1 in 10, or 1 in 50, dilution), including
controls, as well as patients with AIDS and PGL (Table 1X).
After one week, large syncytia were observed in the CEM
cell lines and occasional syncytia noted in HUT-78 and Molt
4. TFurthermore, 5 x 10® cells added to 10° C91/PL cells
{containing HTLV-1) produced enormous syncytia. CEM cells
alone added to C91/PL cells produced no syncytia. Other
co-cultivations did not produce syncytia. It was concluded
that the CEM/LAV-1 co-cultivation was a productive source of
the French virus and that the CEM cell line may be the most
useful production vehicle.

TABLE V111

Short term cultures using lymph nodes from AIDS patients:
results of IF studies using sera from PGL patients.

DAYS

Patients LN + Raji cells sera 7 14 21 28
AIDS 1 (PEK) ab - - - -
PEK - + - -

other PGL - - - -

AIDS 2 (FOG) ab - - - -
FOG 2 - + + -

other PGL - (+) + -

AIDS 3 (VAN) ab - - - -
VAN 3 - + - -

other PGL - n.t. - -

AIDS 4 (GEA) ab - - - -
GEA 4 - - - -

other PGL - - - -

C91/PL (HTLVI + control) HTLV-I + + + + +
PGL sera (+) (+) (+) (+)

Raji cells (-ve control) ab - - - -
HTLV-I+ - - - -

PGL sera - - - -

(1-4)
+ = >10% cells positive

some sera fairly positive
negative

(+)

i

Expression of antigens in lymph nodes co-cultured with Raji cells
as recognised by sera from patients with PGL, using IF.
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TABLE 1X

Serological screens using IF on the CEM/LAV cell line.

Serum IF +ve % of cells +ve by IF
(at 1 in 50) Day 7 Day 14 Day 7 Day 14
ab Control - - - -
FR1 HS - - - -
SP1 HS - - - -
KEM AIDS + + 20-30 >50
DAN PGL + + 20-30 >50
MA1l AIDS + + 20-30 >50
MOR PGL + + 20-30 >50
STON HTLV-I+ve - - - -
FOG PGL NT + NT >50
WIL PGL NT + NT >50

HS = well homosexual

n.b. These results correlated 100% with the sera when tested
on an HIV competitive RIA assay at a later date.
(Cheingsong-Popov et al 1984).

The above sera were all tested in an SFI assay using
CEM/LAV (10® cells), against C91/PL cells (10®), in a micro-
titre well plate,( 2.2). All wells showed evidence of syncytia
after overnight incubation. It was concluded that none of these
sera had significant anti-syncytial neutralising activity.
HTLV-1 particles did not induce syncytia in control CEM cells.

Other co-cultures were tested by live cell IF on day 14.
“Only the HUT 78 and Molt 4 cells showed positive IF with
the same sera as CEM/LAV, although less than 10% of cells
were positive.
( These results were obtained up to the 10th of April,
1984 prior to the publications by Dr. Gallo's laboratory and
the announcement of HTLV-111).
With the establishment of a permanent cell line
producing LAV-1, this was sent to Montagnier's laboratory.

3.7. Isolations attempted from patients with PGL and AIDS

A lymph node (JW) received from the Middlesex Hospital on
the 29/3/84, and prepared as described in section 2.1.ii. The
following cells were used for co-culture: HUT-78, C10/MJ2,
Molt 4, CEM, and Raji. To each of the three wells from each
co-cultivation was added, dexamethasone, cyclosporin A and
5-Azacytidine. All trays contained of PHA and IL-2.
The cells were passaged twice a week and observed for
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syncytia over 3 weeks.

No syncytia were seen in any co-culture. The cells
exposed +to 5-AZA did not grow well and eventually died out,
which was consistent with a toxic effect. Cells exposed to
dexamethasone did 1less well than controls. Cyclosporin A
appeared to be toxic for Raji cells only.

IF studies were positive in less than 10% of the HUT 78
co-culture although the background was high with the
ab(control) sera. 10% of the C10/MJ2 coculture showed
positive IF on <10% of cells, using positive sera (as
determined by the CEM/LAV cell line). None of the co-cultures
induced syncytia in C10/MJ2 cells.

Two other co-cultures with lymph nodes from patients with
PGL were attempted without the addition of dexamethasone,
cyclosporin A or 5-AZA. They were followed for 3 weeks and
no significant IF or SFI were observed.

3.8. First successful isolation from a lymph node

A lymph node was obtained from a male homosexual with

AIDS who had been treated for a B cell lymphoma. The lymph
node was obtained from the para-aortic regions at laparotomy
following radiotherapy. Histopathological examination showed
no evidence of lymphoma. The lymph node was prepared as
previously described (2.1.ii), and co-cultivated with CEM
cells as well as H4 and H9 cells which are sub clones of HUT 78.
These cell lines were obtained from Dr R.Gallo. The co-
cultures were treated with PHA, IL-2 and anti a-interferon

as previously described.

After 4 weeks of co-cultivation, at which time no wviable
lymph node cells were identifiable, syncytia were observed

in the CEM cells. The CEM cells induced syncytia in JM cells,
a CD4 +ve leukaemic cell line, which had been noticed to be
susceptible to the induction of syncytia with HS HTLV-1II
infected cells, (Fig. 4).

The infected CEM cells were positive by IF with sera
known to be positive for HTLV III antibodies, and were
positive by RT assay. The line has been designated CBL-1
(Weiss et al 1985b ). An EM of the virus is shown in Fig. 5.
This cell line was thought to contain an original isolate,
although the possibility that a cross contamination from
CEM/LAV or HTLV-III producing cell lines could not be
excluded at this time. The virus has since been
characterized by partial sequencing by Peter Highfield of
Wellcome laboratories, Beckenham, and has been reported as
having several base pair differences in the envelope region.
As the patients from whom these 3 isolates were made probably
contracted the virus at about the same time and probably from
the same area (New York), it is probably not surprising that
the 3 isolates are very similar. Recently J.Farrant of the
CRC has shown that the CBL isolate has different B cell
stimulating properties from HTLV-111 and LAV-1,irrespective of
what lines they are grown in. Nevertheless the fact that CBL-1
is a contaminant of one of the HTLV-111B virus clones, cannot
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During this time, many other isolations were attempted,
including from patients with acquired hypogammaglobulinaemia
and a further isolation of an HTLV-III like virus was made
using the same technique. This will be reported in full
under HGG isolations.

3.9. Other HIV isolations

During the course of this project many short term

isolations were made. They were positive for RT and
induction of syncytia in CEM cells, (which were not very good
indicators when mixed with high producing cell lines such as
HOIIIB or CEM LAV-1). It became clear that the establishment
of a permanent cell line from such cultures was not easy as
the co-cultivated cell lines rarely became permanently
infected.

The short term isolations were useful, however, for
monitoring virus in seropositive haemophiliacs and
seropositive and seronegative well homosexuals. They could also
be used to detect virus in patients receiving RT inhibitors,
as reported under 'Foscarnat trial'.

Two other positive co-cultivations were made as
follows:

3.9.(1). REU. A 70 year old man with a rectal lymphoma who was
seropositive for HTLV-III antibodies following a blood
transfusion was investigated by growing his PBL's as
previously described and co-cultivating with JM, CEM and

H9 cells when the primary cultures stopped proliferating
after about two weeks. Within 1 week, 5-10% of JM cells were
positive by IF for viral antigens while control JM

cells were negative. The cells were passaged for 2 weeks
when there was no evidence of virus by SFI or IF. The

H9 cocultivated cells were positive by IF at 1-5%, 10%

and 20% 1, 2 and 4 weeks respectively after

co-cultivation. ' The cells were grown up and frozen down.
They were then thawed for DNA analysis at which time less
than 1% of the HY cells were positive. Probing with an
HTLV-III clone obtained from Dr. Gallo showed only a
borderline positive Southern blot. (not performed by

author).

3.9.(1). A 30 year o0ld HTLV-III positive homosexual (CD)
underwent tonsillectomy for obstructive symptoms.

His tonsil was prepared as a LN, grown as a primary culture
until cell numbers started to decline. Discussions with Dr M.
Popovic who had successfully established the H9 IIIB line
suggested that permanent cell lines were more likely to

be obtained after the cells had been concentrated by
centrifugation prior to co-cultivation. The cells were
cultivated with H9 and CEM cell lines using DEAE-Dextran,
anti- a and anti-y interferons. The cells were passaged
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twice weekly using centrifugation prior to co-cultivation
with fresh cells (as recommended by M. Popovic). 1 week
later the H9 co-cultivated cells were positive (<5%) by

IF. At 2 weeks >5%, and at 4 weeks 10%, were positive by

IF using sera from HIV infected individuals.

These cultures were subdivided and 5 azacytidine was used

to try and induce increased expression in these cells.

A dose of 0.1uM 5 azacytidine (5AZA) was not toxic

and induced increased membrane antigen expression as measured
by IF. Greater than 80% of the cells were positive using

a known HIV positive serum, after one week in culture.
Uninfected cell lines were not affected at this dose of S5AZA.
Syncytia induction in JM cells, at 1 and 3 weeks post 5-AZA
treatment, was observed using the IF positive cultures. At one
month only 10% of the cells remained positive by IF although
they continued to induce syncytia in JM cells.

3.10. African Isolates

In October 1984 39 sera from African patients with KS
were received from Dr. R. Downing (Porton Down), and Prof. A.
Bayley (Zambia). These were tested for HTLV-III antibodies
by membrane cell IF and fixed cell IF. Twenty two of these 39
were found to be positive. KS is the commonest tumour
associated with AIDS in western homosexuals, although it is
rare in haemophiliacs and drug abusers with AIDS. An increased
incidence of B cell lymphoma in AIDS patients is thought to be
due to the oncogenic effect of EBV or other similar agents.
It seemed likely that KS may be associated with virus other
than HIV. Cytomegalovirus (CMV) had previously been thought
to be a causal agent, although no convincing evidence exists.

It was therefore decided to culture lymphocytes from
HIV negative patients with Kaposi's sarcoma to look for
a different but perhaps similar virus.

Endothelial cells from KS patients obtained from Dr.
R.Downing did not appear to be susceptible to HIV
infection, as assayed by SFI and IF.

Lymphocytes from 2 patients HAN & HAA seronegative by
membrane IF, were co-cultured with HY and H4 cells after 14 days
of primary culture. H4 and HS cells were treated with
polybrene and DEAE-dextran prior to co-cultivation .

After 1 week's co-cultivation with HAN lymphocytes, H4

(30% of cells), and HS (50%), were positive for HIV antigens by
IF using HTLV-III positive sera. A line was established
from the H9 cells (treated with DEAE-dextran) after 3 weeks,
with 100% cells virus-positive by IF. EM studies showed
the virus to have the morphological features of HTLV-111.
The line was tested against the 39 sera and a perfect
correlation with results using HS cells infected with the
HTLV-111B isolate was obtained. A second serum sample from
HAN was positive for HIV antibodies by live cell IF. 1t was
concluded that this isolate represented HIV rather than a
new virus associated with KS.

Further analysis of these sera showed a correlation
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between HIV antibodies and the aggressive KS disease but

not the endemic or classical K8 variety. These results are

reported later under African serology (Bayley et al 1985).
Dr.R. Downing and Prof.A. Bayley also brought to our

attention the existence of a new disease in Uganda known by

the locals as "Slim" disease, the clinical features of which

were similar to enteropathic AIDS reported in Zambia and in

some Western homosexuals. Nearly all these patients proved

to be positive for HIV antibodies (see African serology

- Serwadda et al 1985).

During the period when many patients from St. Stephens
Hospital with AIDS or ARC were being tested for the presence
of virus by short term lymphocyte cultures, a 40 year old
Zambian army officer presented with "Slim" disease
(severe weight loss, diarrhoea and oral candidiasis). He was
initially reported as negative for HIV antibodies by
RIA although a later sample was positive using the
competitive ELISA. Realising that he might have a variant of
HIV not detectable on the assays then in use, his PBL's
were cultured as previously described. After 2 weeks,
syncytia were seen and the cultures produced high RT levels
in the culture medium. The PBL's were co-cultivated with HO
cells and sent to M. Popovic in Dr. Gallo's laboratory when
the cells were positive by IF (30%), using the patient's
own sera. A permanent cell line, known as RUT, was established
which has been shown to have different neutralising and
syncytia properties from other HIV isolates.(Weiss et al,1986).

3.11. Isolates from patients with common variable
hypogammaglobulinaemia (HGG)

Patients with acquired HGG have an acquired
immunodeficiency affecting the B cells and therefore
production of immunoglobulins. The patients are young (19-40
yrs), and the onset is often heralded by idiopathic
thrombocytopenic purpura (ITP), similar to that seen in AIDS,
where ITP is commonly reported in HIV positive persons
independent of the development of AIDS or AIDS related
complex (ARC).

Dr. Webster of the MRC Clinical Research Centre,
Northwick Park Hospital, suggested that we may be able to
isolate a causative retrovirus by similar techniques to those
described for HIV isolation. HGG is thought to be a
disease of B cells and the value of expanding T cells in
vitro was not immediately plain. However, 10-30% of HGG
patients develop low T helper cell counts during the course
of their disease, and furthermore T helper cells have been
shown to control B cell function (reviewed in Dalgleish
1986a). It was therefore decided to culture PBL's from these
patients and co-cultivate them with H4, H9, CEM and JM cells
as previously described.

10 samples were received from Dr. Webster over a 3 month
period and 5 of these were consistently negative for virus
activity as measured by SI, RT activity and IF against
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mixed HGG sera as well as HIV positive sera.

After 3 weeks one of these, SKL in H9 cells, induced
syncytia in H4 and JM cells, and was positive by RT. A faint
positive IF result was obtained against his own sera and a
strong positive (30% of cells ) against HIV positive
sera. EM of these cells showed HIV like particles.

A further sample was obtained which was cultured by P.
Clapham in our laboratories who observed syncytia induction
on several occasions. However, a productive cell line was
not obtained.

It was thought that this isolation probably represented a
laboratory contamination and enthusiasm for the isolation was
not maintained. Dr. Webster repeated the cultivation of
fresh PBL's in his laboratory (Northwick Park), and again
observed syncytial induction in CEM cells. An HTLV-IIIB
probe, provided by ﬁ(“Q,Gallo, strongly hybridised to a
Southern blot of PBL's from this patient. Only one other
patient showed strong hybridisation with this HTLV-IIIB probe
(MAT) and syncytial induction in CEM cells was observed on one
occasion. The serum from this patient showed weak IF on
H9IIIB cells. A permanent cell line was however obtained by
Dr.A. Webster after a second attempt and the proviral genome of
this virus is different on restriction enzyme analysis from
other isolates present in both our laboratories. However,
there was good hybridization under stringent conditions,
indicating that this was a variant of HIV rather than a new
virus. None of the relatives were positive for HIV
antibodies.

Both these patients had received intravenous
gammaglobulin and it is not yet clear whether or not these
patients obtained their viruses as a therapeutic contaminant
(Webster et al 1986).

Further attempts to isolate virus from patients who have
not received i.v. HGG are in progress and one of these has
evidence of a retrovirus as determined by RT activity and
SFI in CEM cells.

Serological studies in patients with HGG are difficult as
by definition they have little if any gammaglobulin. One
patient, however, a 9 year old Portuguese boy, who presented
with low IgG and cytococcal meningitis and a clinical picture
suggestive of AIDS gave a weak positive reaction for HIV
antibodies by IF yet was negative by RIA. He had received
a blood transfusion at the age of 4 months from a donor from
North Africa. A co-culture of his PBL's with H9 cells did not
lead to a permanent cell line. Radioimmunoprecipitation of
his sera showed reactivity with the envelope antigens
(gpl120 and gp4l), but not the gag antigens of HIV.

This would explain the differing serological results on IF
(live cell) and RIA. (Pippard et al 1986).

A serum sample was subsequently received from Lisbon from
a 50 year old Portuguese sailor with weight loss and
cryptococcal meningitis. This sample was negative by
competitive RIA yet weakly positive by direct ELISA. He
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died before a culture could be obtained. He had spent most
of his life in North Africa (Dalgleish et al. 1986).

It seems probable that these 2 patients were infected
with an HTLV-III like virus which may have come from North
Africa. In retrospect they may have been LAV-2 variants.

3.12. Immunodeficiency syndromes in children

During the course of the HGG study, 3 patients were
referred because of clinical symptoms that suggested the
possibility of a chronic virus infection.

3.12.(i). A.M., A 6 yr old Iranian boy with chronic
diarrhoea, neutropenia and thrombocytopenia, treated
with i.v gammaglobulin.

3.12.(11). M.C., An 8 yr old haemophiliac with chronic ITP.
He had had numerous factor V111 infusions.

3.12.(111). T.Q., A 10 year old Pakistani girl with

chronic ITP and persistently elevated liver enzymes.

Her brother had died from Hodgkins disease at 8 years of age.
She ha received i.v. Sandoglobulin every 3 weeks for 3 years.
All sera were initially negative for HTLV-III antibodies,
although a later sample from M.C. (patient 2) was

strongly positive.

None of the cultures produced evidence of a virus,
although the sera from T.Q. and A.M. both showed weak IF
against H4 HTLV IIIA infected cells. It was initially
thought that the reaction was stronger against H4
.co-cultivations from both patients. However, no SF or RT
activity was ever seen.

It was concluded that these children warrant a more
detailed investigation for the presence of retroviruses
especially in the light of our experience with the HGG
patients who also had received i.v. gammaglobulin.
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4. The Cellular Biology of HIV.
Host cell range and envelope properties

With the arrival of H9 cells infected by HTLV-IIIB
{courtesy of M. Popovic and R.C. Gallo) a more thorough
attempt to define the host cell range for HIV was
possible. Tt had previously been done in part using the
LAV-1 cell line.

A range of cell lines were co-cultivated with HO cells
releasing HIV, looking for SF after an overnight incubation.
(Table X).

TABLE X.
Correlation of CD4 antigen expression
with infection by HIV in vitro.
Antigen expression SF.
HOS - -
HOS S+L- - -
CCl - -

Mink fibroblasts - -
Rat fibroblasts

JM ({Human T cell line) + ++
CEM " " + ++
HsB2 " - -

HL60 Human Monocyte line
K562 Human line

oH1 Human T cell line + +
Molt " " + +
H9 n n + +
H4 m"n " + ++

H9 cells infected with the 111B isolate were added to
the above cells at a ratio of 1:1, and incubated in a 24
well plate overnight. The presence of syncytia is expressed
in the right hand column. Expression of the CD4 antigen was
determined by live cell IF using the anti-leu-3a antibody.
(as described in section 2.6.)

Using the H9IIIB and the CEM/LAV-lines, comparative

syncytial formation studies were performed as well as
attempting to induce syncytia in other cell lines (Table X1).
These studies show that the H4 cell line is a better indicator
of HIV production, as evidenced by syncytia formation,

than CEM or H9 cells.
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TABLE X1

The induction of syncytia by HTLV 111B and LAV on H4, HO
and CEM cells, both uninfected and infected.

H4 H9 CEM H4IIIA HOIIIB CEM/LAV
H4 - - - ++ +++ ++
H9 - - - + + -
CEM - - - - - -
HAIIIA + (+) (+) - - -
H9IIIB +++ (+) (+) - - -
CEM/LAV +++ (+) (+) - - -

An equal number of uninfected and infected cells (10%) were
1xed in a 24 well plate in the above matrix fashion,so that
every possible combination would be tested.

It was concluded that CEM/LAV and H9IIIB induced syncytia
in the same cell lines. Furthermore, they appear to use the
same receptor as "infected" cells were no longer susceptible
to syncytial induction.

Using a given number of H9IIIB cells the number of
indicator cells were varied from 10® to 10® per microwell.
The best indicators were found to be JM cells at a density of
5 x 10® to 10® . This varied from week to week and a
study to investigate possible reasons for this is reported
later.

Syncytia were induced more readily when the virus
producing cells were mixed with indicator cells at a ratio of
1:10. Syncytia occurred within 6 hours of mixing and
increased in size for about 48 hours when up to 50% of nuclei
were contained within syncytia. As can be seen from table X1
no syncytia were observed with HOS, HelLa or CCC cells which
formed abundant syncytia with HTLV-1 and HTLV-11. Thus SF can
be used as an alternative to the PT method (described later) for
determining the presence of HIV receptors on the surface
of uninfected cells.

Using pseudotypes prepared with H9111B and LAV-1, the
host cell range (those bearing specific receptors for
HIV) was determined, using HTLV-1l and 11 PT's as
controls. This work was carried out by P. Clapham with
assistance from the author (Table X11).

Table X11 shows that VSV(HTLV-1) and VSV (HTLV-11)
plate on a variety of cell types, whereas VSV (HTLV-111) is
restricted to the two T cell lines tested. CEM cells
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preinfected with LAV-1 blocked pseudotypes of both LAV-1 and
HTLV-111B (the French and American isolates) but not
pseudotypes of HTLV-1 and HTLV-11, consistent with the SF data
shown in table X1 . In contrast HOS and CCC cells infected
with HTLV-I blocked pseudotypes of both HTLV-1 and HTLV-11.
These data indicate that HTLV-1 and HTLV-11 utilize

the same receptor which 1is expressed on lymphoid,
“fibroblastic and epitheloid cell types, whereas HTLV-111 uses
a different receptor with a more restricted distribution. 1In
a more extensive set of human cell lines, both SF and

PT infection were used to determine the presence of HTLV-111
receptors. At the same time the presence of CD4 (T4) and CD5S
(UCH.T2) was determined by IF. Results are shown in Table
X111l. It was noticed that all the infectable cells contained
the CD4 antigen, including 2 non T cell lines (CD5 negative)
viz. LCO.B, (a B cell line) and U937, a human myelomonocytic
cell line.

Table X11. The ability of HTLV-1,HTLV-11,HTLV-111 and LAV,
VSV pseudotypes to plate on different cell lines.

Cells VSV Pseudotypes of
Type line HTLV-1 HTLV-11 HTLV-111 LAV-1
Human T cell JM + + + +
Human T cell CEM + + + +
Human sarcoma HOS + + - -
Human carcinoma Hela + + - -
Cat kidney Cccc + + - -

Using the above pseudotypes prepared and plated
as described in 2.3, the above cell lines were
investigated for the ability to form plaques with
the different pseudotypes. A + sign represents a
positive plaque assay.

Antibody studies

Antibodies against antigens adjacent to the receptor
or against epitopes of the receptor molecule site for HIV
might compete with HIV binding or obscure the receptor. This
has been shown for baboon endogenous virus (Thiry et al 1983).

Dr P.Beverley procured the use of 155 MCAb's to T cell
surface antigens. One hundred and thirty five of these were
from the 2nd international workshop on human leukocyte
differentiation antigens. These antibodies were screened
without the knowledge of their antigen specificity, in the
SF. Using H9111B, H4111A CEM/LAV and numerous indicator cell
lines, the best assay was found to be 10® of H9111B cells
mixed with 10® JM cells. The results together with
confirmational PT assays are shown in Table X1V.
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All anti CD4 MCAbs blocked infection. Two other unclassified
MCAb's, one of which blocked both SF and PT and the other
only SF, have since been classified as anti-CD4 MCAb's.
Antibody against Leu 8 an antigen present on T cells as well
as monocytes and macrophages, blocked in the SF assay only,
at dilutions above 1/20. The two class II major histo-
compatibility complex (MHC) MCAb's, (SG41 and SG 171),

only weakly blocked SF and did not inhibit the PT assay.

To determine if the antibodies were binding to indicator
cells or to virus producing cells, the SF assay was repeated
with four anti-CD4 MCRbs, known to inhibit SF. Each MCAb
was incubated with the virus producing cell line and on a
separate occasion, the indicator cell, line for one hour prior
to mixing the virus producing and the indicator cell lines.

In each case strong inhibition of cell fusion was observed

when antibody was pre-adsorbed to indicator cells but not
when the antibody was pre-adsorbed to virus producing cells.
This indicates that the MCAb's blocked SF by binding to cell
receptor sites rather than to viral envelope antigens.

These experiments demonstrate that either pre-incubation

with MCAB to CD4 or preinfection with the LAV-1 isolate of
HIV blocks the receptor or penetration of VSV(HTLV-111B)
pseudotypes in CEM cells. Therefore the effect of HTLV-111
infection on CD4 antigen expression was determined (Table
XV).

These results show a reciprocal relationship for
expression of CD4 antigen to the HTLV111B envelope antigen
expressed on the cell surface. 1In contrast, cells expressing
membrane antigens of HTLV-1 and HTLV-11 also expressed high
levels of CD4 antigen.

These results indicated that the amount of CD4 antigen
available at the cell surface for MCAb binding was greatly
reduced in HIV infected cells, whereas expression of
major histocompatibility complex (MHC) Class 1 and other
membrane antigens (CD2, CD3 and CD5) was unaffected. (Data
not shown). These results show that HTLV-111 receptors are
restricted to cells expressing CD4 antigen, suggesting that
the CD4 antigen itself is an essential component of the
receptor. Receptor blocking by MCAbs required high
concentrations of antibody and these were more effective in
inhibiting formation of syncytia than in preventing infection
by pseudotypes.

The other MCAbs that blocked SF in the SFI assay may have
done so by steric hindrance. This raises the question
whether or not HTLV-111B envelope antigens mimic at the
molecular level, class 11 MHC antigens.

These results shown in tables X111,1X and XV, left unanswered
the following questions.
1. TIf CD4 is an essential component of the HIV
receptor, is there another component and if so, what is
it?
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2. Polymorphism of the CD4 antigen has been reported in
African and Japanese populations. Could this be a
protective adaptation against HIV infection?

(reviewed in Sattentau et al 1986).

3. What (if any) is the role of MHC class 11 antigens with
regard to HIV infection, and is infection restricted to
MHC class 11 antigen positive cells (or a certain subtype
thereof)?

4 Do cells fluctuate with regard to the expression of CD4
antigen and does this correlate with their ability to
become infected?

During the course of the above experiments, it was noticed
that the cells which were the best indicators of infectivity
by fusion varied from week to week.

The 4th question was answered first as this was easily
performed. The variability of 2 samples of the same JM line
{obtained on different occasions, JM1 and JM1l) to
infectivity with HTLV-111 led to an experiment which
correlated CD5 and CD4 antigen expression on a variety of
cell lines with the ease of SF using the same quantity of
H9-HTLV111B cells. The IF and SF were performed weekly for 4
weeks. Results are shown in Table XV1. It would appear from
this study that the % of cells expressing CD4, and the
intensity of staining as measured by live cell IF, correlates
with SF in some but not all cell types. The correlation was
most marked in the JM cell line.

This data has since been supported by transfection
experiments using cloned envelope to investigate the nature
of syncytia fusion and cell death. It has been shown
that CD4 is an absolute requirement for HIV induced
fusion, and that by this process many uninfected CD4 cells
may be fused and die (Sodroski et al 1986; Lifson et al
1986).



Table XVIII

Induction of syncytia in T4% human transformants

Syncytium induction

Human cells H9/HIV H9/HIV + a-T4A
JM (Th) - -
8166 (T4t) - -
HSB2 - ND
HSB2-T87T - ND
HSB2-T4* + -
Raji - ND
Raji-T8% - ND
Raji-T4t +H+ -
HeLa - ND
HeLa-T8%t - ND
HeLa-T4t EUEE. -

2 x 105 cells were co-cultivated with 2 x 104 HIV-producing H9 cells
(H9/HIV) and incubated at 37°C. The cultures were examined for syncytia
formation after 18 hr. The results are expressed as the approximate
percentage of nuclei contained within syncytia: -, no syncytia; ++, 257;
++, 50%; +++++, >90%; ND, not determined. Syncytium inhibition was
assayed by adding anti-T4A monoclonal antibody (aT4A; 1:20) to the mixed
cultures at the time of seeding. The naturally-isolated T4t T cell lines
JM and 8166 served as positive controls in these studies.



Table X1V .
antibody
group specificity
CD1 cortical thymocyte
CD2 Pan-T,E receptor (T1l1)
CD3 Pan-T
CD5 Pan-T +B-CLL(T1)
CDho Pan-T
CD7 Pan-T
CD4 T4
CD8 T8
CD25 Tac
Leu-8
MHC class 2
Others

Blocking of HIV receptors by monoclonal antibodies.

no. positive/tested

SF

0/9
0/16
0/13
0/11
0/7
0/11
14/14
0/21
0/9
1/1
2/8
2/35

PT

NT
0/1
0/2
0/4
NT

NT
14/14
0/2
0/1
0/1
0/5
0/10

The above MCAb's were added to the SFI and PT assays as described
in the method section. Antibody dilution was 1 in 10. Columns

show the number that inhibited the assay on the left and the total
number tested on the right.



Table XV

Expression of CD4 antigens on the cell surface of infected
and uninfected cells

Line cell IF (2.6) as detected
by a MCAb against CD4 and HIV

Lymphoid cell lines positive sera

Virus Cell type CD4 antigens HIV antigens

Uninfected H9 ++ -
CEM ++ -
LCo-B + -

HTLV-III H9/HTLV-III + ++
H9/LAV-1 t ++
CEM/LAV-I + +H+
LCo-B/LAV-I * ++

HTLV-I C91/PL +++ ++
C10/MJ2 -+ ++

HTLV-II C12/18M +H+ +++
Ton-1 +++ +

H9, CEM and LCo.B are uninfected cell lines which express CD4 but no
HIV antigens. Following infection with HTLV-IIIB or LAV, not only do
they express viral antigens as measured by live cell IF (2.6) using
an HIV positive sera, they no longer express CD4 antigen in contrast
to cells infected with HTLV-I or HTLV-II. HTLV-I and HTLV-II
antigens were detected using live cell IF using appropriate positive
sera.
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Is CD4 the only cellular component of the HIV receptor?

These studies show that he HIV receptor includes the
CD4 antigen. However another component may still be required.
Clinical studies show that a reduction in the number of CD4+
lymphocytes is one of the earliest markers of HIV infection
{Klatzmann et al 1984a). In addition other markers such as
Leu8, 4H4, and 4B4, present on mononuclear cells also
decline following HIV infection. (reviewed in Dalgleish, 1986).
Other activation markers such as the Tac antigen, which is a
component of the interleukin-2 receptor, and the transferrin
receptor, were also considered as alternative receptors
or as additional components to the CD4 receptor.

SFI and PT assays using MCAbs to 4H4, 4B4, Tac and
transferrin showed no blocking activity, either alone or in
combination. LeuB showed incomplete blocking in the early
screening assays, 1i.e. although a significant reduction in
syncytia were seen overnight , infection was not blocked at
48 hours, as demonstrated by the presence of syncytia and
membrane IF to HIV antigens at 48 hours. Transferrin MCAbs
obtained from Prof. M. Greaves, (L.R.F.) that were tested,
were as follows: OK9, SE9, D51 and L51.

In the light of the fact that no other component of the
HIV receptor had been demonstrated it was logical to
transfect the T4 gene into cell lines which did not normally
express CD4, and then examine wether or not susceptibility
to HIV infection occured. The T4 gene had been cloned by P.
Maddon in Richard Axel's laboratory. (Columbia college.New York).
This was then transfected into mouse fibroblast L cells
and we were able to test these for infectivity.

Studies on transfectant cell lines

The constructed L-cell transformants that expressed
the T4 molecule, were as follows:

Line Media (DME,+) Description

L L+k-

LTD-4 HAT CD4+ transfectant
NIH-3T3 mouse fibroblast
NIH-3A+t G418 Cb4a+ transfectant
4C2.81+t " CD4+ transfectant
NIH-218+t " CD8+ transfectant

t = Moloney virus producing

LTD-4 and the T4C2.S1 lines were reported as being
unstable with regards to the expression of CDh4.
Cytofluorometric (FACS) analysis graphs showed that the
NIH-3A+ line expressed the most CDA4.

Cells were tested for the expression of CD4 prior to
infection assays using OKT4A or HT-310, anti-CD4 mouse MCAB's,
followed by anti mouse IgG-FITC conjugate (2.6.).
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Initial studies used a 1:1 ratio of the highest virus
producing cell line, i.e. (H9IIIB, CBL-1) with the given
cells, These studies allowed for the death of the virus
producing cells in G418 or HAT media. The studies were
repeated using X-irradiated cells (50Gray's) as well as
supernatant. A known HIV infectable control (CEM), was used
throughout these studies. The results of SF, PT and
infectivity studies were tested at twice weekly intervals

for 3 weeks. The production of Mouse Moloney virus (MMV)

by some cells (see above), meant that the controls for the

PT assay would not plate due to receptor interference
preventing entry of the murine ecotropic pseudotype. ( Active
producion of murine virus was demonstrated by the ability of
cells to induce syncytia in XC cells). None of these

cells were able to be infected with HIV. (Table XV1).

A CD4+ NIH.3T3 cell line that did not produce Moloney
virus was therefore constructed by P. Maddon. These cells
did not produce MMV. Similar techniques were used to

successfully infect another mouse fibroblast line, Balb/c.
(designated- Balb/c 3T3-T4#2). These cells were also
uninfectable with HIV.

A1)l mouse cells expressing human CD4 remained uninfectable
with HIV. Therefore it appeared that another component of the
cell receptor or cell membrane property was required for
infection. {The PT assay shows that the restriction is at
the membrane and not the intracellular level).

It was decided that further studies would require
mouse T-cells transfected with T4 as well as human cells, both
lymphoid and non lymphoid in origin.

Simultaneously, 3 murine/human hybridoma cell 1lines
expressing human CD4, were obtained from Dr R.Taylor of
Manchester. None of them were infectable with HIV.

The mouse mastocytoma cell line P815 was
also transfected with T4 and T8 cDNA's and neither became
infectable with HIV.(table XV11).

The first mouse T cell lines transfected by Maddon,
were the T cell hybridomas described by Greenstein et al

1984. Four cell lines were tested ,they were;
Cell Media Phenotype
1. 3DT 52.5 M/D L3T4+
2. 3DT 52.5.8 M/D L3T4-
3. T8PFZ -1 c4 of 2 M/D+G418 L3T4- T8+
4. TAMVT# cl of 2 M/D+G418 L3T4- T4+

{Where L3T4+ is the mouse equivalent of the T4
molecule and MD = Mishell-Dutton media, which contains DMEM,
10% ¥FCS, glutamine, non-essential amino acids. Sodium
pyruvate 100mM stock 100x and 5 x 10-> M B mercaptoethanol.
GA18 was used at 1.25mg/ml.)

These cells were also resistant to HIV infection by SF,
PT and infectivity assays.
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As the early mouse fibroblasts produced MMV, Balb
3T3 and NIH.3T3 transfectants were also constructed using a
retroviral expression vector (pMV7) transfected into a
Moloney packaging mutant as previously described. Again none
of these cells were infectable and neither did they produce
MMV as determined by the XC indicator cell SF assay.
Therefore the expression of MMV is not responsible for the
failure to infect CD4+ve transfectants with HIV.

Human cell transfectants

Having shown that mouse CD4 transformants were not
infectable with HIV, human cell lines not expressing CD4
were transfected with T4 to see whether or not the cells
would then become susceptible to the virus. The following cells
were transfected :- 2 different T cell lines, HSB2 and RPMI,

a B cell line Raji, and 2 non lymphoid lines, the HeLa human
epithelioid line and HOS.

All the human cell lines previously mentioned with the
exception of HOS made to express high numbers of

human CD4 molecules on their surface. SF was seen in all
CD4+ve cells and in no other «cell 1lines, including CD8+
transfectant control cell lines constructed in a similar
manner to the T4+ve transformants. The CD4+ cells were also
positive in the PT assay, allowed replication of virus over
several weeks as measured by RT levels, and expressed viral
antigens by IF. (Tables XVIII,XIX and XX).

In summary, all human cell lines tested whether T, B or
non lymphoid origin, were rendered infectible by HIV when
they expressed CD4 , but not when they expressed CD8. In
contrast no mouse cell line could be made susceptible to HIV.
These results suggested that a property or component
of human but not murine cell membranes is necessary for HIV
infection.

Binding of HIV to the CD4 molecule.

Dr.J.McDougall showed that not only does HIV bind
to the CD4 molecule, but also that the envelope glycoprotein
of HIV co-immunoprecipitates CD4 and no other molecule.
He further demonstrated that HIV binds to all the CD4
transfectant cells, whether mouse or human .
(McDougall et al, 1986).

Studies on the endocytic pathway.
Early EM studies suggested that HIV, bound to CD4 entered

by endocytosis (L.Chess , personal communication).
Studies with other viruses which infect via the endocytic
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pathway (reviewed by Marsh et al 1984 ) have shown that
the process can be 1inhibited by raising the endosomal pH,
and that this can be inhibitory for cell entry.

The effect of adding Ammonium chloride to cells before
during and after exposure to HIV was assessed using SF and
IF assays .{(Table XX1)

These results show that NH; C1 at a concentration of
20mM, (a variety of concentrations were tried to detect
cell toxic levels) delays but does not prevent infection
, provided it 1is present in the first 30 minutes of
infection, which is the time period in which the virus
binds and enters the cell. If the virus enters by
endocytosis of the virus/CD4 complex then one would expect
inhibition of endocytosis to occur in the first half hour or
so. The endocytic pathway is dependent on an acid pH
for fusion. In order to see if the effect was reversible,
cells were incubated with NH,Cl which was removed,prior to
the addition of virus which was itself removed by washing
after one hour. These cells became infectable at the same
rate as the controls, suggesting that the effect was
reversible. The cell lines Molt-4 and HS, were substituted
for IM cells and the above experiments repeated.
Unfortunately Ammonium chloride was toxic to both these cell
lines at a concentration of 20mM, which was the minimum dose
which clearly inhibited viral expression. This suggests that
the observed inhibition of HIV replication may not necessarily
be due to effects on the endocytic pathway.

Amantadine, Monensin and Chloroquine which are
also known to inhibit the endocytic pathway (Marsh 1984),
were ‘then investigated for their ability to inhibit HIV
infection. BAmantadine delayed infection in a similar manner
to that seen with ammonium chloride. No effect could be seen
with chloroquine and monensin that could not <clearly be
separated from cellular toxicity.

A more quantitative approach was tried using
the uridine uptake assay, as had been used
successfully for Semliki Forest virus studies. Actinomycin-D
inhibits RNA transcription from DNA and it was used in an
attempt to selectively inhibit the host cell's DNA
replication. However it will also inhibit HIV
replication, as HIV also uses the host cell's DNA
replicative machinery. The possibility that Actinomycin-D
inhibits cellular DNA more avidly
than RNA virus replication had previously been
suggested (Marsh 1984 ). The uridine uptake assay (2.8), was
performed on cells exposed to HIV in order to determine if
this difference in inhibition between viral and cellular
replication with Actinomycin-D, would allow for the testing
of endocytic pathway inhibitors. These studies were unable
to demonstrate such a window. A major problem with attempts
to assay endocytic pathway inhibitors is the lack of an assay
system that will allow just one cycle of replication.



Table XVI

Correlation between CD4 antigen expression and the ability to form syncytia post-infection

Cell line week 1 week 2 week 3 week 4

yA A A 7 A 7 7% 7 7 % 7 A

CD4 CD5 SYN CDh4 CD5 SYN CD4  CD5 SYN CD4 CD5 SYN
JMI 5 100 + 10 95 + NT NT NT NT NT NT
JMII 70 100 +++ 90 95 +++ 100 70 +H+ 90 90++ ++
CEM NT NT  NT 80 100 + 30 80+ + 20 95 (+)
HO NT NT NT 80 90+ + NT NT NT 80 95 (+)
U937 NT NT  NT 90 10+ + 90+ 5 +H NT NT NT
CEM/LAV-I 0 100 - 0 100 - NT NT NT 0 100 -

Each cell line was assessed weekly for surface expression of CD4 and CD5 as well as their ability to
form syncytia. The percentage of cells staining with CD4 and CD5 antibodies is shown in the appropriate
columns. The intensity of fluorescence is shown on a scale of 1+ to 3+. The number of cells showing
syncytia is shown on a scale of + to 3+ where 3+ = >507 of all nuclei contained within syncytia.



Table XVII

Mouse transfectant cell lines: Susceptibility to infection with HIV

Maximum
reverse Supernate Syncytium VSV(HIV) Virus

Mouse cell transcriptase subculture induction pseudotype binding

3DT(L2T4%) 1575 - ND ND -
3DT(L3T4™) 3922 - ND ND -
3DT-T8t 3122 - ND ND -
3DT-T4t 4195 - - - +
38B9 5607 - ND ND -
38B9-T4t 5211 - - - +
P815-T8*t 4757 - ND ND -
P815-T4t 7210 - - - +
373 3725 - ND ND -
3T73-T8% 2690 - ND ND -
373-T4t 3355 - - - +
L 3948 - ND ND -
L-T8%t 2490 - ND ND -
L-T4t 3671 - - - +

3DT(L3T4%) is a T cell expressing the murine homologue of Té4;
3DT(L3T4~) is a spontaneous variant no longer expressing L3T4.
ND = Not determined.




Table XVIII

Induction of syncytia in T4t human transformants

Syncytium induction

Human cells H9/HIV HO9/HIV + a-T4A
JM (TH) - -
8166 (T4t) B -
HSB2 - ND
HSB2-T8* - ND
HSB2-T4t ++ -
Raji - ND
Raji-T8% - ND
Raji-Ta4t e -
Hela - ND
HeLa-T8T1 - ND
HeLa-T4%t -+ -

2 x 105 cells were co-cultivated with 2 x 104 HIV-producing H9 cells
(H9/HIV) and incubated at 37°C. The cultures were examined for syncytia
formation after 18 hr. The results are expressed as the approximate
percentage of nuclei contained within syncytia: -, no syncytia; ++, 25%;
+++, 50%Z; ++++, >907; ND, not determined. Syncytium inhibition was
assayed by adding anti-T4A monoclonal antibody (aT4A; 1:20) to the mixed
cultures at the time of seeding. The naturally-isolated T4% T cell lines
JM and 8166 served as positive controls in these studies.



Table XIX

VSV pseudotype cytopathic plaque assay on T4+ and T8+
human transformants

VSV Pseudotype titre (pfu/ml)

VSV(HTLV-1I) VSV(AIDS)
Human cells + aHTLV-I + aHIV +aT4A
CEM (T4+) 20,000 50 42,000 50 200
HSB2-T8+ 10,000 50 0 ND ND
HSB2-T4+ 12,000 50 1,000 100 300
Raji-T8+ 5,000 ND 0 ND ND
Raji-T4+ 5,000 50 1,500 25 150
Hela 10,000 ND 0 ND ND
HelLa-T4+ 10,000 50 17,000 50 200

2 x 105 cells were incubated with VSV(HIV) psuedotypes for 1 hr at 37°C.
The cells were then washed with 1 x 10° mink CCL84 or bovine MDBK plaque
indicator cells, permissive to VSV infection but resistant to VSV(HIV) were
added to each well. The cultures were then overlaid with agar medium.and
scored for VSV plaques 2 days after infection. Anti-T4A monoclonal
antibody (aT4A; 1:20) or anti-AIDS virus serum (aHIV; 1:10) were used to
inhibit VSV(HIV) pseudotype plaque formation by pretreatment of cells 30
min before exposure to pseudotypes. VSV(HTLV-I) pseudotypes, which plate
on a wide variety of human cell types, were used as controls in these
experiments. Anti-HTLV-I serum (1:10) was used to block VSV(HTLV-I)
pseudotype plaque formation. The results are expressed as pfu/ml. ND = not
determined.




Table XX

Susceptibility of T4+ and T8+ human transformants to HIV infection

Maximum

Human cell reverse
lines transcriptase

CEM (T4+) 675,223
HSB2 4,245
HSB2-T8+ 4,460
HSB2-T4+ 198,915
Raji ND
Raji-T8+ 5,595
Raji-Ta+ 103,500
HeLa 6,438
HelLa-T8+ 4,375
HeLa-T4+ 48,125

VSV(AIDS)

Supernate Syncytium  pseudotype Virus
subculture induction  infection binding
+ + + +
+ + + +
ND - - ND
+ + + +

=
- - N’D -
+ + + +

5 x 10% cells were inaculated with HIV incubated at 37°C for 24 hours,

washed, and replaced in fresh media.

Cells and supernatants were removed

twice a week for 1 month and tested as shown by methods described in

section 2.
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TABLE XX1

The effect of incubating cells with Ammonium
chloride , before during and after incubation with HIV.

. Percentage of cells in flasks 1-6 expressing
HIV antigens.

Day 5 1. <1% 4. 50%
2. 10% 5. 30%
3. <1% 6. 1%
Day 9 1. 10-20% 4, 50%
2. 30-50% 5. 50%
3. 50% 6. 50%

An infectivity assay using 2 ml of JM cells at 2 x 10°
/ml as indicators and 2 ml of HTLVIIIB Supernatant (SN) was
used to assess the effect of Ammonium chloride (NH4 Cl),
added at different stages of HIV infection.

The number of cells expressing HIV antigens
as measured by 1IF (2.6),are shown as a percentage figure
for each flask on day 5 and 9, following infection.
Syncytia were not seen until day 5 and
then only in flasks 2, 4, 5, 6.
The flasks 1-6, contained virus and ammonium
chloride added in the following order at the following times:

Virus + NH, Cl, time O

Virus time 0 (positive control)

Virus time 0 + NH, Cl time O +1/2 hr.

Virus time 0 + NH, Cl time O + 1 hr.

Virus time O + NH, Cl time O + 3 hr.

Virus + NH, Cl time 0, removed by repeated washing,
time O +1/2 hr, and then NH, Cl added 1 hour later.

O UL WN
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Attempts to induce infection of mouse cells expressing
Ch4 by trying to induce endocytosis of the CD4 molecule.

Mouse cells expressing CD4 bind HIV as well as their
human counterparts. Dr. L. Chess working with R. Axel had
reported ( personal communication), that using
immununogold labelled anti-CD4 monoclonal antibodies and
electron microscopy, he could detect evidence of CDh4

endocytosis on human cells but not on mouse cells
expressing CD4. However he could detect endocytosis of the
mouse CD4 equivalent L3T4+. Secondly, he noted that a
marked difference existed Dbetween human and mouse
cells expressing CDh4 not in the amount of
Ch4 expressed but in the distribution of CD4 on the
surface, {personal communication). Human and therefore

infectable cells had CD4 expressed as clusters, whereas the
mouse cells sported an even distribution of CD4. An attempt
was therefore made to induce clusters of CD4 on mouse cells
by capping with anti CD4 monoclonal antibodies not known to
inhibit HIV infection such as OKT4 and OKTAC. This was
acheived by incubating the MCAb with the cells at 4°C prior
to HIV infection. None of the mouse cell 1lines became
infectable by this technique.

As elevation of the endosomal pH inhibits endocytosis,
an attempt was made to incubate the cells in an acidic
enviroment in order to induce endocytosis. These experiments
(2.10), did not lead to detectable infection of mouse cells
expressing CD4, with HIV. As marked clumping of CD4 on mouse
cells capped with OKT4 had been seen by IF, the two
techniques were combined and the KM 352.3 CD4+, p815 CD4+,
and NIH 3T3 CD4+ mouse cells were all exposed to the acid
shock treatment after the CD4 molecules had been capped with
OKT4. These experiments also failed to infect mouse cells
expressing CD4.

The KM 3DT cells are known to be readily
activated in vivo by Balb/c mouse spleen cells, whereupon

they produce Interleukin-2. It was suggested  that
activation of T cells in wvivo renders them more
susceptible to infection with HIV, both in vitro where
peripheral blood 1lymphocytes are stimulated with
phyto-haemagglutinin prior to infectivity or viral
isolation studies, or in vivo (Klatzmann and Cherman,
1986). These M 3DT cells expressing CD4 were activated as

described in methods,(2.9). No evidence of infection could
be detected by SF or IF.
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Epitopes of the CD4 antigen

With the availability of the OKT (Ortho) series of
non-competitive CD4 epitope monoclonal antibodies OKT4,
4n,4B, 4C,4D,4AE and 4F, it became clear that not all of the
CD4 epitopes were required for HIV infection as OKT4 and
OKT4C did not block the SF assay, (2.2). Serial dilutions of
OKT4B,4D,4E and 4F showed them to be relatively weak
blockers, i.e. only blocking at dilutions of 1 in
200-1in 2,000,when. compared to Leu3a, MT151 and OKT4a
which were able to block SF at dilutions of greater than 1
in 3000,at a concentration of 0.12mgs/ml.

A range of Dblocking of different anti CD4
MCAB's at different dilutions was demonstrated in
collaboration with Q.Sattentau in Dr Beverley's laboratory.
(Table XX11). Furthermore, using competitive binding against
other MCABS to CD4 with **®I radiolabelling of MT151, Leu
3a and OKT4a, Dr Q.Sattentau |has shown that a
putative map of the HIV-I binding site can be drawn
which shows that MT151 and Leu3a map to different parts
of the CD4 molecule.

Heterogeneity of the CD4 antigen has been reported in
some patients of African and Japanese origin. However, this
appears limited to the absence of the OKT4 epitope which does
not support the contention that persons with the above
heterogeneity might be immune from HIV infection. A sample of
African patients and white controls (attending the Middlesex
STD clinic were initially investigated by the author
{using IF on PBL's) and then by Dr Q. Sattentau who was unable
to demonstrate any significan homogeneity of the OKT4, A-F,
epitopes in 35 patients. A minor reduction in the non blocking
epitopes was seen in 10% of both black and white patients.

One cell 1line prepared from a black patient HUT-102, which
lacked the OKT4 epitope, was readily infectable with HIV.
Therefore the lack of the OKT4 epitope was not associated
with any protection against HIV infection (Sattentau et al 1986).

Anti idiotype antibody responses to CD4.

Initially attempts to raise an anti-idiotype to
MT151 did not show any antiviral activity. Following the

binding studies described above, Dr.P. Beverley tried to
raise an antibody to Leu3a which appeared to have weak
antiviral activity in the polyclonal form
and Dr R. Kennedy (Texas) has reported similar results using
Leu-3a and OKT4A. This approach could have considerable

therapeutic implications (Dalgleish 1984, 1986a,b).
The role of class 11 MHC antigens in HIV infection
Class 11 antigens play a major role in CD4 antigen recognition.

(Dalgleish 1986a). 1t was therefore of interest to examine the
possibility that Class 11 antigens may be involved in HIV
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infection.

Initial results (table X1V) showed SF (but not PT)
inhibition, using anti-class 11 MHC MCAbs. These were
therefore repeated on different assay systems. Using class 1
(W631), and class 11 (anti DR-DQ & DP specificity), different
CD4 positive <cell lines were investigated by indirect IF.
Almost all of the H4 and HY9 cells expressed class 1
and class 11 antigens. In contrast CEM and JM cells

expressed no class 11 DR antigens. Repeated studies

using other anti class 1ll's have shown that IM
expresses some class 11 antigens whereas CEM expresses none
at all.

A "matrix" experiment using both HTLV-IIIB and CEM/LAV
as virus producer cells and CEM, JM and H4 as indicator cells
in a SF assay, showed that the anti-DR did not block SF in H4
cells Dbut reduced SF in JM cells when either HTLV-IIIB or
CEM/LAV cells were used (data not shown). A full
series of positive and negative controls were used to assess
virus concentration and cell culture conditions. The weak
blocking effect seen on JM and total blocking effect seen on
CEM with SG171,( an anti-class 11 antibody used in table XIV),
suggests that anti-class 11 may have a steric blocking
effect on the cell surface receptor.

Pre-incubation experiments confirmed that the blocking effect
was on the indicator cells (as previously described for anti
CD4 MCAb's). Other anti-class 11 MCAbs obtained from Dr P.
Beverley (ICRF) and Prof. M. Greaves were then tested in the
SF1 assay using JM, H4 and CEM cells as indicator cells.
Delay in the appearance of syncytia were seen with IB5 and
L203 which have DR and DQ specificities. Partial blocking,
with SDR 4.1 (DQ), SG171 (DQ,DR,DP), and B721 (DP), was
observed across all indicator cell lines. Further anti-class
11 MCAbs were obtained from Dr. Julia Bodmer, ICRF.

The following had no activity: DA2, CA2, F-4, Gennox 2 and Tu-22.

Electron microscopy studies (2.5) using immunogold
labelled anti-class 11 MCAb's failed to demonstrate binding
to the virus, but recognised class 11 antigens on the
appropriate cell 1line (Fig. ©).

The HTLV-1 and HTLV-11 receptors

HTLV-1, HTLV-11 and HIV are all CDh4
lymphotropic, in wvivo and in vitro. However, previous
studies have shown that HTLV-1 has a broader host range
than HIV. (Clapham et al. 1983). Using the HOS cell as an
indicator for the SFI assay, 160 MCAB's to human T cell
antigens which included those previously mentioned in the
HIV receptor studies, as well as antibody to the Tac
antigen, a series of 6 MCAb's to the transferrin receptor,
and 20 MCAb's to wvarious class 11 MHC's,were examined for
their ability to inibit HTLV-1 induced fusion. None did .

The HTLV-1 receptor has yet to be defined.



Table XXIf

Differential inhibition of SF by various anti-CD4 Monoclonal antibodies

Highest inhibitory 50Z inhibitory
McAb dilution of ascites McAbs Ig concentration
(ug/ml)
Leu 3a OKT4a 0.12
MT151 >1:3200 MT151 0.16 strong
blocking
VIT 4
91dé6 OKT4b 0.59
T418T3A9 OKT4e 0.5
T4/19Thy5D7
13B8.2
94bl1
F101-69
F101-5 1:200-1:3200 intermediate
blocking
NUTH/ 1
EDU-2
MT310 _ OKT4d
MT321
CLB-T4/1
BL410T4
66.1 OKT4 >20 non-blocking
G19-2 <1:50 OKT4c >20

(Table from Sattentau et al. 1986)

The above McAbs were used in the SF1 assay (2.2) and the highest dilution
which inhibited fusion recorded.







82

5. HIV Serology
5.1I. Early Studies.

Supernatant from the Lco EBV B cell line infected with
the LAV isolate, obtained from Dr. L.Montagnier's laboratory
was used to infect CEM cells. Twenty sera from patients with
PGL and AIDS obtained from Dr. D.Shanson at St. Stephen's
Hospital were tested by live cell IF (2.4) on the infected
CEM cells. Ten of these patients showed weak membrane
immuno-fluorescence. All of the 10 control sera from well
homosexuals were clearly negative .

The sera from these patients were later shown to be
positive by live cell IF using the H9-HTLV-111B cell line which
was obtained from Dr. R.Gallo in May 1984. They
were also positive by the RIA test performed by Dr R.
Cheingsong-Popov.

HIV Epidemiology in London (1984)

With the availability of this cell line the epidemiology
of HIV infection in London was established using the
sera obtained from groups of patients shown in table XX111l.

All the AIDS patients were screened using
live cell IF, and 20 of these were also tested by fixed cell
IF. Sixty patients at risk from AIDS, 40 haemophiliacs and
20 drug abusers were also tested. 1In addition control sera
from patients with Rheumatoid Arthritis (20), Systemic Lupus
Erythematosus (20), Multiple Sclerosis (20), Hodgkins disease
(40), Crohns disease (20), Non-Hodgkins lymphomas (10), and
Sarcoidosis (40), were all screened using 1live cell IF (2.4).
The sera were initially used at 1 in 20 dilution, followed
by 1 in 4, and 1 in 10 dilutions. When the 1lst screen was found
to be negative. A weak cross-reaction was sought, which could
indicate the presence of a serologically similar but distinct
virus.

The results of this screen correlated 100% with the RIA
assays which was used to screen larger numbers of sera than
performed by IF. These results which established the
prevalence of HIV in London in July 1984 are shown in
Table XXITI1. The only HIV seronegative AIDS patient was a
well homosexual who had a few Kaposi's sarcoma lesions which
have not progressed over 2 years, and which in retrospect
would probably not now qualify for a diagnosis of AIDS.

5.2 Serum titrations, HTLV-111 = LAV

The IF on AIDS, PGL and at risk patients were performed

on H9-HTLV-IIIB cells and CEM/LAV infected cells, with no
discordance. H9 cells were then productively infected with
the 'LAV' isolate and one high titre sera positive at greater
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than 1:2000 dilution was absorbed to excess, at a dilution of
1/10,000 on control cells, and on the same cells infected with
HTLV111B and LAV. The diluted sera was then tested by IF on
infected cells. Each infected cell line but not the control
cell line absorbed antibody reacting with both viruses, thus
demonstrating close similarity between the membrane antigens

of HTLV-111 and LAV-1. The results independently confirmed by
Professor R. Weiss. { This experiment was later to be confirmed
at the molecular level when both viruses were cloned and their
sequences published).

5.3 Infectious clusters

A detailed history of sexual contacts from patients
from St. Stephen's Hospital, revealed a marked clustering of
symptomatic patients who had sexual relations with each other.
One of these clusters published by Gazzard et al (1984), is
shown in Fig.7. The HIV serology was performed by IF (2.4).
These results were in complete agreement with the RIA results.
Patient 6 is of some interest as detailed sexual histories
showed that he should have infected patient 7. However at
the time of this study he was traced to Australia ( his sera
was sent by Air-mail), he was sero-negative and had remained
asymptomatic.

0f the many other serological screens performed , the most
interesting was a screen of 38 sera from Edinburgh intravenous
drug abusers of which 16 were positive by IF. This result
showed that Edinburgh drug addicts were carriers of HIV.
More detailed studies have shown that by 1986 up to 80% of
i.v. drug abusers in Edinburgh were positive for HIV anti-bodies.

5.4. HIV and Africa

5.4.(1). Kaposi's Sarcoma (KS) is common in central Africa.
The endemic form runs an indolent course with many patients
surviving at least 10 years. It is similar to the KS seen in
elderly men of Jewish and Mediterranean origin in the West.
KS was reported in early AIDS cases in the West, where it
appears to be a much more aggressive disease, often leading
to death in 6 months. An atypical form of KS was recognised
by Prof.A. Bayley in Africa in 1983, where it appeared to be
increasing. As AIDS was increasingly being recognized in
Africa at this time, a number of KS patients from both
Zambia and Uganda of either the endemic or atypical forms
were screened for HIV infection by live cell IF. The sera
were collected and documented by Prof. Bayley and Dr. Robert
Downing.

Results are shown in Table XXIV and show that
HTLV-III (HIV) seropositivity serves to distinguish the
atypical form from the endemic form of KS in those countries
and that the pathogenesis of the atypical form, like its
western counterpart is extricably linked to HIV infection.

Lymphocytes from 2 HIV seronegative patients with
atypical KS were cultured as described in methods (2.1), to
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see if another retrovirus could have a possible association
with KS. A retrovirus was isolated from one of these patients
(HAN) as reported under "African isolates". The virus was
morphologically and serologically similar to HTLV-IIIB.

It was concluded that either the patient was HIV positive
and antibody negative or that the isolate was a laboratory
contaminant.

The alleged sera from this patient although initially
seronegative was seropositive on both cell lines on a sample
taken 6 months later, which suggests the former, but does not
exclude a laboratory contaminant.

At this time an attempt was made to infect 2 endothelial
cell lines supplied by Dr. Downing, who thought they were
infectable with HIV. The author could not confirm this by
SF and IF. They were CD4 negative for Leu3A by IF.

5.4.(11).S1lim disease

In 1985 a local Ugandan paper described the emergence of
a new condition characterised by extreme weight loss, malaise
and death. This condition was known locally as "Slim" disease.
The clinical features are shown in table XXV. Many of the
features are similar to AIDS. We therefore sought sera from
this condition.
29 patients of whom 13 were women aged 17-37 years (mean
26) were identified on a field visit to Masaka and Rakai
districts and thoroughly investigated by Prof. A.Bayley, Dr.
W.Carswell and Dr.R.Downing. Suspected patients and their
relatives were screened for evidence of wasting,
lymphadenopathy and oral or pharyngeal candidiasis. Patients
with any of these features were fully examined and a full
history taken. Skin test antigens (PPD, mumps,
streptokinase, streptodornase and dermatophytia) were
administered intradermally and responses read after 48
hours. Fecal and sputum samples were taken where possible
and a sample of blood for HIV testing taken as well as some
heparinized blood for short term culture for viral isolation
studies. Control sera was taken from healthy relatives,
other hospital inpatients and hospital staff in both Kampala
and Masaka. The 29 sera were tested by IF, as well as by
the competitive ELISA assay performed by S. Clayden.
Results are shown in table XXV1. Not only were the
sera from slim disease patients positive on the H9-HTLV-IIIB
and CEM/CBL-I infected cells, but there appeared to be no
difference in reactivity as compared to Western HIV infected
sera. It was concluded that "Slim"disease was in fact
another manifestation of AIDS and was caused by  HIV
infection.

Detailed questioning of both local and visiting doctors
suggested that the disease did not exist in Uganda until
1982, a date which coincided with a series of Tanzanian army
invasions, widespread civil unrest and general disturbance of
the population. The first cases appeared to come from Rakai,
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a village of alarming squalor, even by Ugandan standards (Dr.
W. Carswell personal communication). The villagers slept on
the earth in huts freely shared with animals (goats) and

infested with "bed lice". This raised the question of
whether or not mosquitos might be involved in transmission of
the virus. The serological data show that the virus remains

confined to sexually active persons and is extremely rare in

children or old people. Furthermore it was established that

heterosexual promiscuity is common amongst the infected
peoples and that there was 1little evidence found for
homosexual transmission.

Witch doctors travel the country giving injections

from the same needle for various ailments. Nevertheless, fewer

than 10% of our study population could remember having had an

injection of any kind within the preceding 5 years.
From this study we concluded that:

1) "Slim" disease was just another manifestation of "AIDS"
and was caused by HIV infection.

2) Heterosexual transmission was the main form of spread and
that evidence to incriminate mosquito or bed lice
transmission was lacking.

3) KS was rare in this study group. This was surprising
considering that it is endemic in Africa and that we had
previously identified the new atypical form as being
associated with HIV infection.

One patient is of special interest. He presented to Dr. C.
Farthing of St. Stephen's Hospital . He had been a Tanzanian army
officer at the time of the Ugandan invasions and admitted to
heterosexual contacts (he denied homosexual contacts).

A serum sample was positive for HIV antibodies by

competitive ELISA assay. Blood from this patient (RUT)
was cultured as described in methods (2.1). Syncytia were
observed in his own lymphocytes by day 4 and an elevated RT
level of 4,000 c.p.m.(background maximum 1,000) by

day 7 which rose to 12,000 c.p.m.by day 10. The cells were
co-cultivated with H9 and CEM cells and a sample of the
primary culture sent to Dr M. Popovic in Dr. R.Gallo's laboratory,
Washington. After 2 months of passaging in H9 cells, the
envelope region of the virus was characterized by restriction
enzyme analysis. Partial sequencing at Frederick National
Cancer Institute showed that this isolate was more different in
the envelope region than any other virus isolate tested at

that time. Sera from Western HIV infected patients were
strongly positive by IF against this isolate suggesting
that it is just another variant of HIV . This isolate is
known as RUT, or CBL-4.

Further serological studies on sera from well pregnant
women giving birth at Xampala Hospital showed that of 120
sera tested 28 were positive for HIV as tested by the
competitive ELISA, thus establishing that HIV was already
endemic among well pregnant women. Further studies were
abandoned due to renewed civil war in Uganda and the reluctance
of other African nations to allow results of HIV screening
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in their countries to be published. A situation which has since
improved.

These studies have documented the emergence of a new
disease in certain populations in the West, as well as in in
Eastern Africa. Not only are the conditions associated with
HIV, but also the same serotype of the virus appears to be
associated with a broad spectrum of immunodeficiences as well
as malignancies.



Table XXIII

HIV antibodies in defined patient groups screened by RIA

Proportion with HTLV-III

Serum donor antibodies

AIDS patients 30/31 (97%)
PGL patients 110/124 (897)
Symptomatic homosexuals 41/69 (59%)
Contacts of AIDS or PGL 15/36 (427%)
Homosexuals at risk 53/308 (17%)
Heterosexuals from genito-urinary

clinics 0/35 (0z)
Haemophiliacs who have received

pooled clotting factors 63/184 (34%)
Intravenous drug abusers 4/269 (1.5%)
Unselected blood donors 0/1042 (0%)

PGL = persistent generalised lymphadenopathy. Sera from the
above groups were screened by competitive RIA as described in
2.12. The first figure represents the total number of that
group positive for HIV antibodies, the second the total number
tested and the percentage seropositivity is given in
parenthesis.



Table XXIV

HIV antibodies among African subjects

Sex Mean age No (%) with
(M/F) in yrs. HTLV-III
antibody
Group n (range)
Zambia
AIDS-related disorders 15 7/8 26(19-47) 13 (87)
Endemic KS 17 16/1 44(16-67) 4 (24)
Atypical KS 22 17/5 29(17-56) 20 (91)
Controls 158 26/132 35(1-58) 3 (2)
Uganda
AIDS-related disorders 4 3/1 21(11-27) 4
Endemic KS 13 13/0 46(34-67) 1
Atypical KS 4 3/1 31(19-44) 4
Controls 51 31/20 27(2-60) 10 (20)

KS = Kaposi's sarcoma

HIV antibodies were measured by IF (2.6) and competitive RIA (2.12). The
percentage of patients with antibodies positive in each group is shown in
parenthesis in the right hand column.



Table XXV

Clinical and laboratory features of 29 patients with Slim disease

Features Proportion positive

Signs and symptoms

Hospital admission required 21/29
Weight loss greater than 20% 18/29
Fevers and sweats 20/29
Oral candida 14/29
Lymphadenopathy 11/29
Persistent diarrhoea 16/29
Genital warts 5/29 (3M, 2F)
Anaemia 25/29

Laboratory findings

Acid-fast bacilli in sputum 4/8
Anergy on skintests 27/29
Maculopapular rash 9/29
Biopsy-prove Kaposi's sarcoma 3/29
Kaposi's sarcoma on rectal biopsy 0/16
Taenia hominis in stools 1/16

Anergy on controls 2/16



Table XXVI

Prevalence of antibodies specific to HTLV-III in study groups

No. positive/
Study group No. tested

Slim disease patients in Masaka 29/29

Slim patients not thoroughly investigate
(Kampala) 34/42

Patients with generalised aggressive Kaposi's
sarcoma (4 of these patients had evidence

of slim disease) 11/11
Classical, endemic Kaposi's sarcoma 1/12
AIDS-related complex (ARC) 7/7
Controls (no significant weight loss) 41/410
Controls from paediatric ward in Kampala

Hospital 0/34
Sexually immature patients (seropositives

aged 9, 11, 13, 13) 4/10
Traders from Tanzania 10/15

HIV antibodies were tested using the competitive ELISA assay
(2.12). [Positive sera were tested against the HTLV-IIIB,
CBL-1 and HTLV-III RF isolates by IF (2.6)].



Fig.7. Cluster of HIV infection from Gazzard et al 1984.

Clustering of homosexual cases linked by sexual contact

O Symtomless subjects

with PGL NEG = negative .
NT = not tested for serum HTLV-111 antibody

Lines joining circles represent anto-genital intercourse

+ = positive

with AIDS
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6. Therapy of HIV infection
The Phosphonoformate study

The foregoing studies agree with the concept that HIV is
the causative agent of AIDS. If the replication of HIV could
be prevented then the development of AIDS should be halted,
or at least delayed. Drugs known to be effective against animal
retroviruses were the obvious candidates for anti HIV testing.

Suramin had been shown to inhibit HIV infection in-vivo
(Mitsuya et al. 1984). This led to a clinical trial which

showed that its toxicity was a major limiting factor for
in-vivo use ( Broder et al 1985).

In 1985 Dr. C.Farthing of St. Stephens Hospital made

the observation that a 37 year old homosexual male with an 18
month history of KS, who had presented with an acute
encephalitis and retinitis (thought to be due to cytomegalovirus
(CMV)), made a dramatic recovery to a 2 week course of
phosphonoformate (PPF).

The patient recovered from his encephalitis following
four courses of treatment. In addition a greater than 50%
improvement in the size and the number of his KS lesions
was observed.

PPF is an anti-viral agent which specifically inhibits
herpes virus DNA-polymers and is active in-vitro against all
human herpes viruses including CMV. It was noted that whereas
most RNA viruses were not inhibited, inhibition of RT of some
animal retroviruses had been reported (Berg 1983).

The recognition that the brain was an important target
site for HIV (Shaw et al. 1985), may be relevant in this case.

The effect of PPF on HIV infected cells was therefore

tested in-vitro.(2.11 )

The results (Fig. 8) show that doses of PPF above
200ug/ml completely suppressed HIV infection.

Furthermore, exposure of the primary supernatant of HTLV-IIIB
cell culture to 200ug/ml PPF for only 5 minutes completely
inhibited RT. ( From 12,000 c.p.m. to background ). Other
authors have reported similar findings. (Sandstrom . et al.
1985).

Using Suramin as a control, PolyD glutamic acid, a suramin
analogue ,as well as other compounds such as Ribavirin, were
tested for anti-HIV activity in-vitro. Only suramin showed any
significant anti-HIV activity.

6.1. A pilot study of PPF (Foscarnet) in AIDS and AIDS related
complex (ARC) in-vivo.

Having shown that PPF inhibited HIV in-vitro at doses
readily attainable in-vivo, a clinical trial was performed
with Dr.C. Farthing and Dr.B. Gazzard at St. Stephen's Hospital
on 11 patients, (table XXV11).
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The aim of this study was two fold. Firstly to document
the clinical response to a continuous plasma infusion of PPF
of between 70 and 150 ug/ml.(To reach this state a bolus
injection of 20mg/kg body weight was given over 10-30 minutes
followed by a continuous intravenous infusion of a solution
of 8mg/ml at a dose of 0.05-0.11lmg/Kg/min, adjusted according
to the serum creatinine). Secondly, to assess the effect of PPF
on virus isolation. This was monitored by RT levels of the
supernatant of short term (3 week) lymphocyte cultures, which
were stimulated with PHA and IL-2 in 20% , as previously described.
Virus isolation was attempted prior to treatment and
again at 48 hours, 1 week, 3 weeks and 6 weeks following
cessation of therapy. Initially Twenty eight patients
were screened by viral isolation, 11 of whom were treated
with PPF, and 4 of whom were used as controls to assess the
reliability of multiple virus isolations.
Clinical evaluation included weekly full blood counts,
urea and creatine levels, and other biochemical parameters,
including liver function tests. Immune complex levels, CD4/CD8
ratios and B2 microglobulin levels were also monitored.
Supernatant was taken from the short term cultures on
days 7, 10, 14 and 21, and stored at -70° C, before polyethelene
glycol precipitation of the virus and measurement of RT levels.
The RT assay was optimised for HIV, and modified by varying
the virus solubilisation procedures and the Magnesium ion co-
factor concentration in the assay. In this way Dr M.McClure was
able to improve the sensitivity of the assay 2-3 times. The assay
was virtually identical to that published by Hoffman et al 1985.

6.2. Viral isolation studies

Control patients were those who were assessed as eligible
for treatment, but who declined therapy and were happy to
attend for wviral isolation studies at the required intervals.
All patients were HIV positive by the competitive RIA or ELISA
assays.

The details of the patients are given in Table XXVII and
the results of the virus isolation studies in Table XXVIII.

The short term cultures were regularily examined
microscopically. The presence of syncytia in the primary PBL
cultures correlated with positive RT results.

Increased RT was detected in 16 out of 28 (60%) PBL
cultures from the patients screened for possible inclusion
to the trial, on the first attempt. This figure rose to 22 (80%)
when multiple isolation attempts were made. This compares to
figures of greater than 80% for 1 isolation and 100% for 2 or
more attempted isolations of HIV from seropositive patients
reported by Dr. R.Gallo's laboratory.(Dr M.Popovic, personal
communication).

In addition 2 patients who were seronegative but who had
clinical disease consistent with HIV infection gave a
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positive RT result on culture. One of these later
seroconverted.

The results show a reduced ability to detect
virus following PPF administration. However the ability
to detect virus following cessation of treatment is similar
to the results of viral isolation studies in patients who
have received Suramin and Azidothymidine.

Two patients (both treated with PPF) had high levels
of RT activity detected at the commencement of therapy and
after therapy was ceased. The RT levels of these patients were
consistently elevated, ranging between 10-16,000 c.p.m.
(background of 1,000). One of these patients deteriorated
rapidly and died. Furthermore syncytia were also observed in
these primary lymphocyte cultures. The average positive RT
result was 2.5-3,000 c.p.m. with a background of less than
a 1,000 c.p.m. An RT result was considered positive if it was
more than 2.5x the background count.

This suggests that some patients have a high level of
viraemia and may act as "“super carriers". Moreover,
in future drug trials where viral isolations are used to
monitor anti-viral therapy, these patients with high titre
viraemia should be considered separately.

The clinical results of this study were not encouraging
as only 4 of the 11 patients treated were classified as well or
stable 3 months following cessation of therapy.

Conclusions

1) The efficacy of virus isolation is variable.
The viral antigen load is also variable.

2) PPF as used in this study will not eliminate HIV, from
the patient. It does appear to reduce the rate of replication,
probably only during administration.

3) The variation in the amount of virus detected from
patient to patient makes studies such as this difficult

to interpret. It is suggested that patients with high titres
of wvirus should be examined as a separate group for their
response to therapy.

4) Recognition of some patients with a high degree of viral
activity raises the possibility of "super carriers". This
might in part explain differences in infectability and
progression to disease in reported studies.

5) Because of the very high cost in time and materials in
carrying out of multiple viral isolations it is suggested that
future studies could be monitored with one of the viral
antigen assays which will soon be available.

An attempt was made to develope an antigen assay during this
study, in collaboration with Dr R Tedder's laboratory.
Although antigen detection tended to occur in those patients
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with positive RT results, the assay did not give significant
differences between positive and negative values.

Since this study was performed the value of the new
generation of antigen assays in monitoring patients
longitudinally has been reported by Goudsmidt et al. (1986).



HIV isolation from peripheral blood lymphocytes

Treated group 1 Aids + + | - - - - -
2 NA + | - - - - Died
3 NA + | — -— - - NA

4 + +1- - - - -

5 + —-1- - - - -

6 + + |- NA - - -

7 Ads+ + 11— -— + - -

8 Aids + + |} — -— + NA —

9 + + |1+ - + - -

10 + NAl+ -— + + +
1M Aids + — |+ + - - NA

12 + +

Untreated group | Aids + + | — + + + NA
2 + + |+ - + - NA
3 - + |+ + + - NA

4 Ads+ + |+ + + - NA

0o 1 2 3 4 5 6 7 8 9 10 11 12

pretreatment treatment \X/eeks after treatment

period

Legend to table XXVIII

Results of virus isolation from PBL's following culture with pHA and IL-2.
Syncytia were sought three times a week and RT measured twice. +2Z positive
isolation by RT and or syncytia. -2 negative result. NA not available.



Preand post-treatment data. Note delayed type hypersensitivity skintesting (DTH) score isread x/y where yis the number of antigens out
of seventhat showed reactionand xthe total diameter inmillimetres of all positive reactions.

. Post-PFA
Patientno. Pre-PFA
and pretreatment Pre-PFA CD4cells Post-PFA Post-PFA DTH CD4cells/mm’
clinical status Toxicity DTHscore (no/mm?) clinic status 24 h 6weeks 12weeks Median Range
Treated .
1 AIDSKS:wellbut Headache 0/0 30 KS progression 0/0 21 N/A 139 83-249
KSprogressive ' .
2 ARC:nightsweats/ Hbdrop 0/0 290 Died 2/12after 2/1 0/0 N/A 153 30-398
oralthrush 9.8-7.9 g/d! treatment ? cerebral
toxoplasmosis
3 ARC:nightsweats/ Nit 0/0 87 Well 0/0 0/0 NA 57 20120
malaise
4 ARC:malaise Headache, phiebitis 21 334 Well/but episode of 8/2* NA 0/0 502 217-992
facial cellulitis
5 ARC:malaise/ Phlebitis 0/0 160 AIDS: deveioped PCP 0/0 2/1 N/A 196 115-277
widespread 5/12atter PFA
dermatitis
6 ARC:malaise/ Elevated serum 0/0 396 AIDS: developed 0/0 - NA 0/0 263 56—431
widespread creatinine cytomeg alovirus
follocutitis 85—335 pg/ml retinitisend of PFA
(commenced DHPG and
retinitis stabilized)
7 AIDS-PCP:well/ Nil 21 229 Well 9/3 15/4* 4/2 529 379-768
butfatigue
8 AIDS-KS:well/KS Nil 512 804 Well/KSstable 15/4 NA 16/5" 463  230-607
progressive .
9 ARC:malaise/ Headache 0/0 242 AIDS: developed 0/0 0/0 NA 60 20-119
non-specific cryplosporidiosis
proctitis 7/12afterPFA
10 ARC:nightsweats/ Phlebitis, headache  2/1 124 Nochange 21 0/0 NA 564  371-846
malaise
11 AIDS-KS: well/KS Nil 4/2 440 KS progression 512 NA NA 148  150-146
progressive
Untreated
1 AIDS-PCP:malaise 2/1 335 Malaise/diarrhoea 2/1 78 48-134
2 ARC:malaise/night 4/1 223 well 0/0 435  290-592
sweals
3 ARC:well 0/0 655 Well 0/0 533  482-585
4 AIDS-PCP:well 8/2 180 Well 10/4 237 NA

*Improved DTH scores. NA, resultnot available. Abbreviations asintext.

Legend to table XXVII

Pre and post treatment data. Note delayed hypersensitivity testing is read
x/y where y is the number of antigens out of seven that showed reactivity
and x the total diameter in millimetres of all positive reactions. CDh4
cells are the number per mm3,



Fig.8. The effect of Phosphonoformate on HIV infected cultures.
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7. Retrovirus Neutralisation Studies.

With the successful development of a sensitive syncytial
induction assay that was able to detect the surface antigen
receptor for HIV, and the development of an VSV (HIV)
pseudotype assay, which also enabled further study of the HIV
receptor, examination of sera capable of neutralising virus
penetration or infection was possible.

Initial studies showed that none of 60 sera from patients
with high titre antibodies by the ELISA and IF assays prevented
SF in JM, 8166 and H9 cells, using both HTLV-IIIB and CBL-I virus
producing cell lines.

This was in marked contradistinction to sera from
patients with HTLV-1 or HTLV-11 antibodies which inhibit SF
at high dilution (1:1000), (Nagy et al. 1983).

Sera were then tested for inhibition by the PT assay.

Four putatively different isolates, were prepared in association
with P. Clapham and were titrated on adherent CEM cells.

This cell line was developed from the CD4 positive CEM cells
which are normally propagated in suspension. Some were noted

to adhere to the flask wall and these were selectively cultured
using DEAE-dextran as described under methods.

Plaque reduction in the presence of sera indicated the
greater sensitivity of the PT assay as compared to the SFI assay.
Two of the sera were from patients from whom virus had been
isolated, namely BRU and ARG from LAV-I and CBL-I respectively.
Results of these experiments are shown in Tables XXIX and
XXX.

Only low dilutions of sera (1:10) were found to be
effective in reducing PT plaque formation in the majority of
patients, although one patient (SEL) had slightly higher titres
(1 in 50). 1In an infectivity assay carried out by P. Clapham,
identical to that described for testing PPF and other compounds
(2.11), SEL reduced the number of infectious units (TCID 50),
obtained by 2 logs, and the other weakly inhibiting sera by 1 log
(data not shown).

Clearly the neutralising ability of HIV infected sera is
very low, as measured by these assays, whereas the amount of
antibody to the envelope titrates to similar values obtained
for HTLV-1 as measured by IF and ELISA.

HIV is closely related to the lentiviruses which
include the caprine arthritis-encephalitis virus (CAEV)
(which also does not elicit significant neutralising titres:
Klevjer-Anderson and McGuire 1982), Visna Virus (VV), and the
equine infectious anaemia virus (EIAV). Although they both
elicit neutralising antibodies (Kono et al. 1973; Montelaro
et al. 1984; Narayan et al. 1978; Scott et al. 1979), they
both have a narrow range of specificity of neutralising activity
allowing NON-neutralizable variants to emerge.

These early studies did not exclude this later
possibility (Weiss et al. 1985b), as serial sera samples were
not used.
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Studies on different HIV isolates

Further studies were performed on different unrelated isolates,
namely AIDS related viruses (ARV) 2 and 4 , from Dr.J. Levy, RF a
Haitian isolate from Dr.R. Gallo, 2 Zairian isolates from Dr.D.
Zagury, (z84, Z129), and the Tanzanianian isolate RUT mentioned
previously.

These studies were performed mainly by P. Clapham and

demonstrate the presence of both common and strain specific

epitopes for neutralisation of HIV-I . It is of particular
interest that BARV-2 elicits significantly higher neutralising
titres both with autologous and allogenic HIV infected sera,
than any other isolate.

This begs the question: does the neutralising epitope(s) reside
solely on the envelope region? This was addressed by taking

12 sera which had been tested for neutralisation on the PT assay,
and carrying out RIPA. This study was performed in association
with M. Exley, and showed that all the sera which

had some neutralising activity on the PT assay

immunoprecipitated the gp 160 and gp 120 bands (Envelope), but
not all of the sera that precipitated the envelope

glycoproteins, elicited neutralisation. Further studies on a
larger number of sera from a cohort of homosexuals from St. Marys
performed by Dr. J. Weber confirmed this observation.

Cloned envelope expressing cells

DR P Berman and Dr L Lasky of Genetech , expressed the
cloned envelope of the HTLV-111B isolate and immunised a number
of rabbits from which two batches of 20 samples of sera were
obtained for neutralisation testing.

Using HTLV-IIIB, CBL-I, RF and RUT, isolates in the SFI
assay on 8166 cells, no significant neutralisation by any of
the sera to any of the isolates was detected. PT assays
on these sera performed by P. Clapham, showed some neutralisation
(1 in 50), with the autologous IIIB isolate and weak
neutralisation with 2 other USA isolates from Dr R.Gallo and
Dr J.Levy (MN and MAZ). None was detectable using the RF,
ARV-2, RUT and Z129 isolates. In contrast, sera from British
and Ugandan patients pre-selected as having neutralising
activity to the RF (Haitian) isolate, cross neutralised
nearly all HIV-1 isolates. The rabbit anti-gp 130 serum
recognised non-neutralising epitopes of HIV-I isolates,
{HTLV-IIIB, RF and ARV-2) by indirect (live cell) IF, thus
suggesting that non-neutralising antibodies bind to virion
envelopes (as previously suggested by the RIPA study). These
studies do not exclude other targets for neutralisation that



101

might lie outside the gpl20 envelope such as gp4l or the gag
gene products. (Weiss et al. 1986).

The role of complement

All sera used in these studies were heat inactivated at
56° C for 1 hour thus destroying complement. Neutralisation
studies were performed by SFI and the PT assays, to see if
complement enhanced neutralisation. No enhancement was seen.

The At risk Sero negative study.

Results of serological screening surveys previously
reported (Cheingsong-Popov et al. 1984, Gazzard et al. 1984)
showed that some at risk homosexuals and haemophiliacs
remained consistently seronegative for HIV over 2 to 3 years
follow up. Analysis of patients attending the Middlesex G.U.
clinic showed that some HIV seronegative patients had similar
exposure, as determined by number of partners (known to
be seropositive) and sexual practices, as did those patients
who developed AIDS. Furthermore, haemophiliac patients treated
with the same batch of factor V111l at the Royal Free Hospital,
also showed different serological responses on HIV testing.

Patients who were seronegative but virus positive were
sought.

PBL's from 50 patients clinically documented by Dr. I.Weller
of the Middlesex Hospital, were cultured with PHA and IL-2 and
co-cultivated with a sub-line of the CEM cell line which is
particularly sensitive to SF. This work was scored blind with
the assistance of P.Clapham.

SF was seen in all 30 HIV seropositive subjects and in
only 1 of the 20 seronegative subjects. This 1 patient was
from North Africa and developed PGL but remained seronegative
6 months later. (Weller et al 1986,).

0f 10 haemophiliac patients seen and documented by Dr. E.
Miller of the RFH, SF was seen in 3 of the 7 seropositive
patients and in none of the 3 seronegative patients. One of
the seropositive patients (CD), produced a CEM virus producing
line as documented by IF and SF on JM cells after © weeks.

These results suggest that within the limitations of the
techniques used, that haemophiliac patients may not have as
much virus as the homosexual patients, which may in part
explain their apparent better prognosis, although there is
considerable doubt as to wether this is true for all haemophiliac

populations.



Table XIX

VSV pseudotype cytopathic plaque assay on T4+ and T8+
human transformants

VSV Pseudotype titre (pfu/ml)

VSV(HTLV-I) VSV(AIDS)
Human cells + HTLV-I + qHIV  +oT4A
CEM (T4+) 20,000 50 42,000 50 200
HSB2-T8+ 10,000 50 0 ND ND
HSB2-T4+ 12,000 50 1,000 100 300
Raji-T8+ 5,000 ND 0 ND ND
Raji-T4+ 5,000 50 1,500 25 150
HeLa 10,000 ND 0 ND ND
HeLa-T4+ 10,000 50 17,000 50 200

2 x 105 cells were incubated with VSV(HIV) psuedotypes for 1 hr at 37°C.
The cells were then washed with 1 x 10° mink CCL84 or bovine MDBK plaque
indicator cells, permissive to VSV infection but resistant to VSV(HIV) were
added to each well. The cultures were then overlaid with agar medium.and
scored for VSV plaques 2 days after infection. Anti-T4A monoclonal
antibody (aT4A; 1:20) or anti-AIDS virus serum (aHIV; 1:10) were used to
inhibit VSV(HIV) pseudotype plaque formation by pretreatment of cells 30
min before exposure to pseudotypes. VSV(HTLV-I) pseudotypes, which plate
on a wide variety of human cell types, were used as controls in these
experiments. Anti-HTLV-I serum (1:10) was used to block VSV(HTLV-I)
pseudotype plaque formation. The results are expressed as pfu/ml. ND = not

determined.
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8

Studies on Non-Hodgkins lymphoma (NHL) patients and patients
with Hodgkin's disease (HD)

The association of HTLV-I with ATLL provides an
interesting model with which to compare the lymphomas and
leukaemias. The relatively low risk of disease amongst those
infected (1:80-100) and the long incubation period (10-30
years) highlights a model whereby the lymphomas may be associated
with as yet undiscovered viruses. One such a candidate is
Hodgkins disease, which appears to be related to
socioeconomic conditions and has been reported to occur in
clusters (reviewed in Dalgleish and McElwain 1986).

An attempt was made therefore to culture PBL's and
tissue from patients with HD, as well as patients with

particularly aggressive forms of NHL's.

Although many patients were seen and cultures of PBL's
performed, as well as lymph node culture when available, the
following patients were of particular interest.

8.1a) Patients from whom cell lines were established

NHL.1 (TP). aged 19 years, male, presented with a 4 week
history of weight loss, dysnoea, cough and cervical
lymphadenopathy. Examination showed bulky lymphoadenopathy of
all nodal areas. Histology revealed histocytic medullary
reticulosis. In view of the aggressive nature of this
lymphoma, a PBL preparation was cultured as previously described.
After 2 weeks intense proliferation was noted and
subcultures were set up which were noted to be IL-2
independent, while continuing to proliferate, doubling every
24-36 hours. This cell line was frozen in liquid nitrogen
and then characterized, as an EBNA negative B cell line. An
EM shows virus like particles of an indefinite
nature. ( Fig.9) . Further studies are in progress.

NHL-2 (PV). 47, male, Spanish, presented with a 6 month
history of weight loss and abdominal discomfort associated
with B symptoms. On examination: widespread lymphadenopathy
and hepatosplenomegaly.
Histology: lymphoplasmacytoid lymphoma with marrow
involvement. After 3 weeks of primary lymphocyte culture
intense cell proliferation was noted and found to be IL-2
independent. The line was characterized as an EBNA positive
B cell line. It was noted to have large irregular cells
which did not induce syncytia in JM or H4 cells.

8.1b) Patients with indirect evidence of a viral aetiology
NHL3: (SS), 20 years, female, presented with a three month

history of febrile lymphadenopathy. A biopsy showed T cell
lymphomatosis (infiltrate) pattern which was thought to be
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consistent with but not diagnostic of HD.

NHL4: (SK), 20 years, female, flatmate of SS above, lymph
adenopathy with B symptoms at same time as SS. No

biopsy taken. Both girls found to be i.v. drug abusers.
Both were sero-negative for EBV, CMV, toxoplasmosis, HTLV-1
and HIV.

NHL3 and NHL4: PBL's from both girls (NHL3 and NHL4) were
obtained as well as lymph node from SS. No cell lines were
established after 3-4 weeks in short term culture with IL-2.
However, there was some reaction with the autologous sera on
live cell IF on cells from SS, and to a lesser extent with

SK's sera with negative results using control sera from other
lymphoma patients. EM and RT assays did not reveal any evidence
of retroviral involvement. Both girls were well one year later
with no evidence of disease. It is likely that both girls carried
an undetectable virus. They were both EBV and CMV negative

and it is interesting to speculate that they may have

had a virus similar to the new herpes isolates termed HBLV by
Salahuddin et al 1986. Two other new herpes isolates have

also been obtained from African patients which strengthens

the possibility that hitherto unreported viruses may have a

role in the aetiology of lymphomas (Dr R.Downing and Prof.B.
Griffin, personal communication).

8.2. Patients with Hodgkins disease

HD.1, A 27 year old female presented with a 3
month history of lymphadenopathy and weight loss with night
sweats. On staging she was 1IIB and treated with
chemotherapy. PBL's were grown prior to treatment and no
permanent line was obtained. However, the autologous serum
was weakly reactive by live cell IF as were 4 of 20 sera
from HD patients obtained from Prof. T. McElwain at the Royal
Marsden Hospital, Sutton. No RT activity was detected in cultured
cell supernatants, although a cresent shaped structure consistent
with a C type retrovirus budding from the cell was seen. (Fig 10).
Cocultivations with CEM and H4 and U937 cell lines did not lead
to any specific I¥ results using the aforementioned 20 sera.

8.2.1. Established lines from patients with HD

Two lines were established from patients with pleural
effusions by Dr D. Jones of Southampton. Both cell lines
have a neoplastic karyotype and are stable in culture in the
absence of feeder layers or growth factors. Phenotypic
analysis of these cell lines show that they cannot be easily
characterized as either a lymphocyte, macrophage or
granulocyte cell line, but resemble other HD lines described
in the literature in that they carry the antigen defined by
the Ki-1 monoclonal antibody, and show myeloid markers on a
proportion of cells. One cell line (Co), reacts with UCH-Ti
which is a T cell marker.(Jones et al. 1985). They are referred
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to as Co and Ho. One of these lines Co was observed to change
from a mononuclear cell line to form large multi- nucleate cells
consistent with Reed-Sternberg cells, which lasted for a few
days before reversion to the uninucleate form. The change
was seen at approximately 3-4 weekly intervals.

In view of these changes and the evidence suggesting

that both HD and some NHL's may have a viral

aetiology (Dalgleish and McElwain 1986, Salahuddin et al
1986), retroviral involvement was sought.
The 4 lines studied were the Ho, Co, HD cell lines and the 2
newly established cell lines, NHL1 (PAY) and NHL2 (VIG).

8.3. Studies on established cell lines

The following agents were used to induce endogenous virus
expression and change surface markers by gene expression and
down regulation.

5-Azacytidine.

Bromodeoxyuridine.

Retinoic acid.

Aflatoxin B.

TPA - 4B-Phorbol - 12 Myristate 13 Acetate.

DMSO, standard solution.

\ Interferon.

(Polliack et al 1986, Weiss et al 1985a)

Noutd WwN

The following antibodies were used in FACS analysis.

UCHTI Pan-T
Leu-12 B cell
T4 (DAKO) Helper-inducer
T8 (DAKO) Suppressor
Leu-I1 NK cell
Ki-T Hodgkins cell
63D3 Monocyte
ANTI-TAC IL-2 receptor
Transferrin - Transferrin receptor
OKT3 T cell receptor
11. BB1
BB2 subunits of T3 molecule
WG-31
OKT-10
12. DA2 class II
CA2 class 1I

-
O WONOUTPd WNPE

8.3.2. Results.
{i) Screening for a retrovirus

Incubation of the four cell lines with the aforementioned
agents failed to reveal any evidence of a retrovirus as
measured by SFI on a variety of different cell lines , or by
RT assay.
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(ii) Looking for alteration of surface antigen expression

(a) HD cell lines

Of the 2 HD cell lines, only Ho was positive for class II
antigens, DA2 and CA2, whereas both were strongly positive
for Ki-1. 1In addition, CD4 and OKT10 were occasionally
weakly positive on the Ho cell line.

Following culture with the various compounds Co
expressed OKT10 in the presence of retinoic acid and TPA. It
was also weakly positive for class I1I antigens DA2 and CA2
with gamma interferon. No change in surface marker
expression was seen with the cells although it is noted that
the cells were extremely unstable, even in ideal culture
conditions without additives.

(b) NHD cell lines

NHL-I (PAY) was positive for CA2 and Leu 12 and was
therefore of B cell origin. It was consistenetly EBNA negative
No change in specificity with culture additives was detected.
NHL-I was Leu-12 positive and EBNA negative. No significant
change was noted with culture additives, although this cell
line was often unsatisfactory for FACS analysis, as many dead
cells were frequently present and primary fungal contamination
made long term culture in additives difficult. Fig.9 shows
viral like particles seen on EM of (PAY) cells.

(iii) Cytotoxicity assays

None of the 4 cell lines showed any cytotoxic effects
as measured by chromium release assay, with or without
culturing with PHA or IL-2 or both. CEM and JM cell lines
were used as controls.

iv DNA synthesis assay: H} Thymidine up e assay
(iv) thesi 2 [H] Thymidi tak

CEM, JM, and Ho cell lines had normal levels of DNA
synthesis whether or not stimulated with PHA, IL-2 or both.
Counts ranged from 600 to 1800 per minute.

The Co cell line had varying degrees of DNA synthesis on
different occasions. When low (50-110 c.p.m.), they could be
increased by stimulating with PHA alone or with PHA and IL-2
(from 50-80 c.p.m. to 3000-3200 c.p.m.) but not IL-2 alone.
However, when the control uptake was relatively high (3,800
c.p.m.) then no signifcant increase in c.p.m. was detected.

The NHL-I cell line (PAY) showed very high levels of DNA
synthesis which was unaffected by PHA and IL-2 stimulation,
(19,000~-22,000 c.p.m.). This suggested that PAY may be
producing a growth factor. Supernatant from PAY was added to
2 x 10®° of freshly washed cells and uptake studies performed at
time, 0, 24, 48 and 72 hours. Ho, Co, JM and CEM cell lines
were used as controls. The addition of PAY supernatant to PAY
cells increased the c.p.m. from 39,000 - 46,000 at time O,
to 77,000 to 84,000 at 24 hours, with a gradual reduction
therafter at 48, 72 and 96 hours. There was no effect on IM,
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CEM and Co cell lines and a "negative" effect on Ho cells
which was present at 48, 72 and 96 hours. Counts were reduced
from control levels of 3,000 - 6,000 c.p.m. to 100 - 700 c.p.m.
in the presence of PAY supernatant.

A stimulatory effect was seen on PAY cells themselves,
as proliferation was increased when compared to cells tested
in fresh medium alone. (from 5,000 - 10,000, in medium to
17,000 - 20,000 c.p.m.,in the presence of supernatant).

This difference was seen at 48, 72 and 96 hours. This suggests
that PAY cells may be producing an auto-stimulatory factor
which may be a B cell factor.

Therefore, the experiment was repeated with 2 other B cell lines
which were not EBV transformed.( obtained from Dr M.Malkovsky).
No increase in DNA synthesis was seen at 24, 72 or 96 hours

with PAY supernatant.

(v) 1Injection of cells into Nude Mice

10® of Co, Ho, VIG and PAY cells were injected
subcutaneously into nude mice. 2 mice per cell line.
Only PAY injected mice produced tumours. DNA from Co cell
lines were transfected on the NIH-3T3, transfection assay by
Dr C. Marshall with negative results. The other cell lines
including PAY, have not yet been tested on this assay.

{(vi) Further studies

The Co and Ho cell lines are at present the subject of
a study to look for T and B cell gene rearrangement which is
at being undertaken by A. Furley in Prof. M. Greave's
laboratory. Co and Ho were probed with HTLV-1 and HTLV-111
probes at both low high and low stringency. No homology was
detected. (performed in association with Dr T. Ford and
Dr G. Taylor).

8.3.2. IF studies

Co and Ho were negative against a panel of 10 HD sera
by both line and fixed cell IF.

8.3.3. HBLV-1

HBLV-1I reported by Salahuddin et al (1986) is of
considerable interest as the author has noted similar initial
findings to the early HBLV-I studies in both HD patients and
those with sarcoidosis. (Salahuddin - personal
communication). Of 40 sera from HD patients, an ELISA assay
performed by Salahuddin detected weak positive reactions in 8
patients with HD and in no cases of 10 Non-Hodgkins lymphoma.
This virus is now known as human herpes virus type 6,(HHV-6).
8.4. Discussion
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An extensive review of the literature (Dalgleish and
McElwain 1986) suggests that HD may well be due to an
infectious agent. Using established cell lines showing the
Ki-I antigen, no evidence of retroviral involvement has been
found, by RT, SF and molecular hybridisation techniques, and
in spite of co-cultivation in the presence of agents to
stimulate known gene and endogenous viral expression.
Similarly 2 cell lines from NHL patients have failed to show
evidence of retroviruses. However, the discovery of a new
herpes virus (HBLV-I, now known as HHV-6), which has yet to
be characterized with regard to its pathogenesis, suggests
that the hunt for new agents in lymphomatous disease may
yet be rewarding, and that new viruses, may not necessarily
retroviruses.

Further studies are in progress to define the virus seen
on EM in PAY. The nature of the cell of origin of the Reed
Steinberg cell is to be further examined by assessing gene
rearrangement. (Work to be performed in the laboratory of
Prof. M. Greaves.)

With regard to these cell lines, further studies are
needed to define T and B cell gene rearrangement (in progress
- A. Furley and Prof.M. Greaves), to help throw further light on
whether HD cell lines are T, B or monocyte-macrophage in
origin. Oncogene expression of all cell lines has not been
investigated.
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9
Multiple Sclerosis and Tropical Spastic Paraparesis
Introduction

The epidemiology of Multiple sclerosis (MS) and HD is
similar worldwide in that they are both more common amongst people
of social class I and II. The only other disease to share this
peculiar association is paralytic poliomyelitis, which is the
manifestation of a virus known to be widely distributed through
all strata of society. This suggests that MS and HD may be
associated with a common virus. The pathogenicity of which appears
to be age-dependent, based on the assumption that the afflicted
members of social class 1 and 11 do not become exposed to the
virus until adolescence, whereas earlier exposure may confer
immunity. The case for a viral aetiology and the numerous animal
models for an MS-like disease is reviewed in Dalgleish et al
1987. The hypothesis proposed that 2 classes of virus act in
synergy, as opposed to any one virus acting as a causal agent.

Of all the models for MS, the visna-maedi syndrome of
sheep is one of the most attractive. The causative agent is a
retrovirus similar to HIV. (Sonigo et al 1985). The
appearance of neurological disease in HIV-infected persons
made a lentivirus a possible candidate as the causative agent of
MS.

Peripheral blood lymphocytes and cells from cerebral spinal
fluid from patients with MS were grown in culture with PHA and
I1.-2 stimulation and the use of feeder cell layers when necessary
as described under methods. (Few cells were obtained from the
CSF and these were 'fed' with the patient's own lymphocytes
irradiated with 50 Gray's. Nine patients were thus
investigated for evidence of retroviral activity with weekly RT
assays and syncytial assays.

One patients showed evidence of RT activity of
2-3 times background on 2 occasions and the lymphocytes from
the CSF became IL-2 independent after 3 weeks in culture.

These cells were characterised by FACS analysis as being
Leu 3a, Leu 9 and Leu 2 antigen positive, and were therefore unlike
any other cell line in the laboratory at that time. The cells
were maintained for 8 weeks after which they entered a rapidly
proliferating phase after which they died. No virus like particle
was seen on electron-microscopy.

Further cultures from patients with MS did not produce a
long-term cell line, although rapid growth and proliferation
beyond 4 weeks was seen on 2 other cultures.

No significant RT activity was seen from any other of
these MS cultures (although the RNA template often showed an
increase over that using the DNA template of 1.5 to 1.8
times, a level not thought to be significant).

9.2. HTLV-1 association:
The 'immortalisation' of CSF lymphocytes reported above
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has been observed by other workers (Dr M. Harper, NIH, and
Dr H Webb, St Thomas's Hospital, London, personal communications).
This raises the possibility of the presence of an immortalising
virus such as HTLV-1 as opposed to a lytic virus such as HIV.
Furthermore, HTLV-1 is known to transactivate IL-2 gene and IL-2
receptor (Greene et al. 1986) as well as class 11 MHC antigens (W
Greene, personal communication). It is of interest that
patients with MS have increased levels of IL-2 receptor on CSF
lymphocytes and brain cells (reviewed Dalgleish et al 1987).
Fifty patients with MS were tested serologically for
evidence of HTLV-1, HTLV-11 and HIV antibodies by RIA and
ELISA. All were negative. Furthermore, 8 sera were tested
for cross-reactivity with HTLV-1 and HIV using sera diluted
at only 1 in 4 by live cell IF.
In 1985, Koprowski et al, published evidence, suggesting
the presence of a virus which appeared similar to HTLV-1 in 60%
of patients with MS, from both Sweden and Key-West, USA. These
studies were mainly serological except for 4 cases of in situ
hybridisation with an HTLV-1 probe which was positive for the
occasional cell, whereas 2 controls were negative.
A further 50 sera, making 100 in all, were retested for
HTLV-1 antibodies using direct ELISA assays obtained from
Litton Bionetics. Again, all sera were negative. The plates
used by Kowprowski were requested from Dr. R.Gallo, and found
to be no longer available

9.3. Molecular studies.

Forty specimens of brain tissue stored at the Institute
of Neurology, were provided by Professor Davison. These
specimens were from 10 patients and were from grey and white
matter and spinal cord. The specimens were thawed,
homogenised, and DNA prepared prior to Southern blotting
performed by in association with T. Ford (LRF Chester Beatty),
and Dr G. Taylor (CRC, Harrow). Using HTLV-1, HTLV-1ll and HIV probes
obtained from Dr. R.Gallo, no hybridisation was seen even at low
stringency. Similar negative results were obtained on DNA
prepared from the PBL cell cultures of 6 patients with MS attending
the Queen sqgare hospital.
Further studies with other viruses such as monkey
isolates (obtained from Dr M. Malkovsky, CRC) and endogenous
human retroviral probes (from Dr M.Martin, NIH) were also negative.
Furthermore, DNA prepared from brains from patients with
Alzheimer's disease, Jacob-Creutzfeldt, various other
dementias and schizophrenias are also negative for all the
aforementioned probes.
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9.4. Cell culture results.

No significant elevation of RT performed twice weekly on
cultures from 6 patients was seen. No syncitia were seen
when monocytes and supernatant from these cultures were
incubated with the following cells: JM, CEM, Raji and U937.
Further studies using inducing agents, as described in
Chapter 8, are planned.

9.5, Other Serological studies

Other neurological diseases with suspected viral
involvement were also screened serologically using the RIA
and ELISA for HTLV-1 and HIV. These results were all
negative and included 100 sera from patients with Guillain
Barr syndrome (supplied by Dr D Miller, Guy's Hospital and
Queen's Square), 50 from patients with the post viral
syndrome or myalgic encephalomyelitis (supplied by Dr P Behan,
Glasgow).

9.6. Tropical Spastic Paraparesis (TSP)

HTLV-1 is endemic in the Carribbean. It is also present
in people of Caribbean origin living in the UK, where it is
strongly associated with ATLL. Approximately 1-4% of this
community has evidence of HTLV-1 seropositivity (Matutes et
al 1986, Greaves et al 1985, Halnes et al, in preparation).

TSP is a well-defined clinical entity seen in the tropics
and particularly in the Caribbean where a variant is also known
as tropical axonal neuropathy (TAN).

An association was noted between HTLV-1 seropositivity
and TSP by Gessain et al (1985). We therefore sought to
define the extent of this syndrome in London and investigate
patients by Nuclear Magnetic Resonance (NMR) scans and test
for HTLV-1 antibodies.

9.6.1. Results

Thirteen patients (all females) were diagnosed as having
TSP by Dr. P. Rudge, and scanned with NMR. Only 1 of these
patients (AB) had plaques suggestive of a MS-like pattern.
Eleven of these patients including AB were seropositive for
HTLV-1 antibodies by competitive ELISA. Two patients could
not provide a serum sample. None of the MS controls (100),
were HTLV-1 seropositive (Newton et al 1987).
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9.7.DISCUSSION

The clear association seen between HTLV-1 and TSP (100%),
also noted by others (reviewed in Newton et al 1987),
is the most interesting evidence yet that a latent virus may
be associated with a distinct neurological disease in man.
The fact that TSP has many features in common with MS makes
claims that an HTLV-1 like virus may be linked to MS
credible. However in the light of considerable negative data
presented here and elsewhere, Hauser et al (1986) and Karpas et al
(1986), how can Koprowski et al's results be explained?
Does the answer lie in the plates? It seems that the plates
used by Dr Koprowski had up to 100 times more P24 than
commercial kits. Furthermore, diseases other than MS such as
Guillain-Barr, meningitis and radiculitis give higher
readings on Dr Koprowski's test than does MS. This has been
confirmed by other workers (Dr P. Behan, privileged
information). This strongly suggests that the serological
reactivity seen is a cross reaction with a product released
in patients with neurological damage, as in the above studies
healthy controls are all negative for P24. One such
candidate for a neurological product which may give rise to
cross reactivity with the P24 antigen of HTLV-1 is Myelin
Basic Protein (MBP). Indeed, border line homology is seen on
sequence analysis. Cross reactivity between P24 and MBP
peptides was sought but not found by Professor Greaves.
Studies looking for viruses that may be able
to cause expression of class 11 antigens on cells with
nervous tissue specific antigens are in progress, in order to
further investigate the hypothesis that enveloped viruses
could act as antigen presenting cells when budding through
cells expressing both neuronal antigens and class 11 MHC
antigens (Dalgleish et al 1987, ).
More recent studies have included probing DNA prepared from
the brains of patients with MS, Alzheimers and various psychoses
and dementias,with a variety of animal retroviral probes including
visna and CAEV. The studies were all negative.
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10. Discussion

HTLV-1

At the commencement of this study the only known human
pathogenic retroviruses were HTLV-1 and HTLV-I1I. The LAV
isolate of HIV had been reported (Barré-Sinoussi et al
1983), although evidence linking this virus causally to
AIDS was lacking. The realisation that AIDS was
widespread in the homosexual and haemophiliac population
in the UK, and that AIDS probably represented the 'tip of
the iceberg' of an underlying infectious agent, led to the
studies here reported. Initial studies focused on HTLV-I
and the development of a sensitive screening assay in
order to define the epidemiology of HTLV-1 in the UK and
to establish whether there was any association with AIDS
or any of its associated conditions.

Assays were developed for both HTLV-I and HTLV-1II
using cell lines producing the appropriate virus obtained
from Dr. R. Gallo, NIH. Fusion assays were optimised by
varying the virus production/target cell ratios and by
trying to enhance virus production with 5-azacytidine,
Cyclosporin A and dexamethasone, none of which were
beneficial. Nevertheless the assay was both sensitive and
specific for detecting anti-HTLV antibodies. Sera
inhibited syncytial formation (SF) even when diluted
1:1000. The HTLV-1I1 assay was less sensitive because the
amount of virus antigen produced was consistently lower
than that of HTLV-I.

Although relatively specific, cross reactivity was
seen between HTLV-I and HTLV-II in these assays, i.e. some
HTLV-1 sera reacts with HTLV-II antigens and vice versa.
The SFI assay correlates well with the competitive radio
immuno assay (RIA) as well as the pseudotype (PT) assay,
both of which use the same cell lines in order to provide
relevant viral antigens. Whereas the RIA is limited to
antibody detection both the SFI and PT assays highlight
anti-fusion and neutralisation activity respectively. The
RIA, SFI and PT assays are comparable for HTLV-I and
HTLV-II studies, HTLV-I1I1I (HIV) shows a marked difference
in titres between antibodies detectable by RIA (usually
high), and the functional SFI and PT assays which detect
lower titres of antibody.

The correlation between the SFI and PT assays
disguises some important differences. The SFI assay
detects antibodies which interfere with binding and
fusion. However if sera are incubated with virus
producing cells one hour before being added to the target
cells the inhibition of SF correlates with neutralisation
as assessed by other parameters of infectivity. The PT
assay measures neutralising antibodies directed against
the envelope and was found to be considerably more
sensitive than the SF assays. The PT assay being more
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expensive in terms of materials and man hours and
expertise, remains a research tool with little possibility
of competing with the mass assays such as RIA or ELISA's.

Immunof luorescence (IF) was effective at detecting
viral antigens using MCAb or positive sera, even when
infected lymphocyte cultures contain few cells expressing
HTLV-I antigens (Matutes et al 1986). The addition of
IL-2 may allow expansion of cells expressing virus
antigens that may be detected by IF. There is no other
specific antigen assay available for HTLV-I or HTLV-II,
although several now exist for HIV.

Using the SFI and RIA assays the presence of HTLV-I
was detected in homosexual patients in London, in
Caribbean born families living in London and Birmingham,
and in patients with T cell lymphomas with no obvious risk
factors. This data shows that the elder children of
seropositive mothers are more likely to be seropositive
than younger children. This is most likely not related to
sexual exposure (although HTLV-I can be transmitted
sexually) but due to latency of the virus. The reasons
for this are not clear. Viral antigens were sought in
sero negative children and not found. The availability of
the polymerase chain reaction (PCR) assay. (Kwok et al
1887, Ou et al 1987) will allow the detection of one virus
copy in several thousand cells and will be applied to the
PBL's of these sero—-negative children in future studies.
The use of concentrated sera in IF assays using HTLV-I
antigens suggests that similar viruses to HTLV-I and
HTLV-II may be associated with lymphomas in some cases.
One such case involving a patient from the Middle East
with an aggressive lymphoma has been described here. It
is likely that such possible associations may be
geographically restricted. Notably since these studies
were performed an HTLV-I like isolate, HTLV-V has been
reported as being associated with lymphomas in Italy.
(Manzari et al 1987)

Two new associations with HTLV-I were reported during
these studies. The first between HTLV-1 and TSP, (Gessain
et al 1985) confirmed in collaboration with P. Rudge of
Queen Square (Newton et al, 1987). The second (Koprowski
et al 1985) between HTLV-I and multiple sclerosis which
was not confirmed by other workers. More than 25 patients
with TSP have now been idenLified in the UK and all are
positive for HTLV-~I antibodies. Moreover primary
lymphocyte culture reveals the same findings (abnormal
lymphocytes, HTLV-I antigens on IF) as in primary cultures
from their ATLL counterparts. Indeed the only difference
detectable between the two diseases with regards to HTLV-I
is that the immune response, as measured by antibody titre
on different assays (including PT neutralisation assays),
are higher in TSP patients than their relatives or most
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ATLL patients.(Dalgleish et al 1988a)

Following the alleged association between HTLV-I and
multiple sclerosis by Koprowski et al 1985, over a hundred
sera were screened at low titre (1:10, 1l:4) by IF and
RIA. None were positive. PFurthermore, using an HTLV-I
probe, Southern blots of brains from MS patients were
consistently negative of any HTLV-I DNA. The reason of
the false positive results reported probably lies in the
fact that the HTLV-1 antigen used on the test plates was
very concentrated, (Dr R. Gallo, personal communication).
Faint signals against the HTLV-I core antigens can be seen
using sera from patients with a wide range of neurological
disease may represent non-specific cross reactivity. The
possible mechanisms of how HTLV-1l like viruses could cause
neurological disease are reviewed by Dalgleish et al,
1987. Briefly; Animal models for neurological disease
with some features of MS exist for direct viral
neurotropism, as well as for autoimmune mechanisms of
pathogenesis. it is not yet clear if HTLV-1 is
neurotropic or initiates an immune response which leads to
neuronal damage. The marked hormonal immune response to
HTLV-1 in TSP patients reported above may represent a high
viral antigen 'load! Nevertheless, HTLV-1l has been shown
to be able to transactivate IL-2 and IL-2 receptor genes
(Greene et al 1986) and hence interfere with the
‘activational' state of the immune system. HTLV-1l is also
an enveloped virus and as such may incorporate cellular
ligands in its envelope as it buds through cells. It is
of interest that antibodies against enveloped viruses are
of high titre in MS patients and that brain cells from MS
patients express an increased numbers of IL-2 receptors.

A scenario whereby HLA class II antigens were exposed on

cells with neuronal antigens such as neuroglycolipids or

myelin basic protein could allow budding envelope viruses
to present neuronal antigens, in the context of HLA class
II antigens in such a way as to be interpreted as foreign
by the immune system.

It is possible that other viruses could activate HLA
class 11 genes in a similar manner to that shown for
HTLV-I and HTLV-II transactivating IL-2 and IL-2 receptor
genes, on inappropriate cells such as those in the nervous
system. Such a scenario would allow envelope viruses to
'trigger' an autoimmune response.

The low association of HTLV-I with ATLL and the long
incubation period is evidence that factors other than
HTLV-1I contribute to infection. How does HTLV-I result in
malignancy? The permanent activation of IL-2 and its
receptor resulting from HTLV-I infection, uncouple
activated lymphocytes from exogenous IL-2 control
mechanisms. It is, therefore likely that a second or
third event (e.g. random translocation) is responsible for
oncogenesis in a cell where permanent activation (which is
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perhaps the 'first' event) has occurred. Such a
hypothesis suggests that other proliferative or malignant
diseases may also be associated with a specific virus
infection, the mechanism of which may be similar to that
of HTLV-I. A primary candidate considered in the past as
infectious in origin, is Hodgkins disease (HD).
Epidemiological 'clusters' and has been associated with
virus like illnesses. (reviewed by Dalgleish and McElwain,
1986). Although none of the sera tested from 48 HD
patients were positive against HTLV-I by IF, a primary
culture from a patient with an aggressive stage IIB HD
gave a positive reaction by surface IF to her own and 4
out of 20 sera from patients with HD. A virus like
structure consistent with a C-type particle morphology was
seen by EM. Further attempts at characterization,
however, proved unrewarding.

Two cell lines obtained from the pleural effusions of
patients with HD were made available by Dr. David Jones
(Southampton). Both were transformed lines expressing the
Kl-1 antigen. One (Co) was noticed to form large
multi-nucleate cells consistent with Reed Sternberg cells
which are the diagnostic hall mark of HD. This feature is
resemblant of SF seen with retroviruses such as HTLV-I.

In spite of this, treatment with a variety of inducer
agents failed to reveal evidence of retroviral infection.
It is possible that non-productive viral elements could
account of the transformation of the cell, and these would
not have been detected by SF, RT or IF.

Non-Hodgkins lymphomas were studied from patients with
a well defined history of an infectious illness prior to
the development of their lymphoma. Four cell lines were
developed from the PBL taken from four such patients. One
(PAY) was a rapidly proliferating EBV- negative B cell
line which produced an autologous growth factor. This
acted on allogeneic B cells, yet was inhibitory to one of
the established HD cell line (Ho). The PAY cell line was
reported as containing intracellular virus-like particles
observed by EM. However no evidence of a retrovirus was
detected in any of the cell lines studied.

These findings, although of interest are not
conclusive. They may however, justify a concerted effort
into looking at lymphomas for possible viral
associations. Two further possibilities exist: viral
aetiology need not be retroviral or the viruses involved
may not be complete replicating viruses and would escape
detection by the techniques used. The isolation ofthe
first human retrovirus was only possible because of the
discovery in 1976 (Morgan et al 1976) of T-cell growth
factor. This factor now called interleukin-2 (IL-2)
allows the proliferation of T-cells in culture. It is
possible that similar growth factors on other cell types
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may be necessary to detect B-cell or monocyte-tropic
viruses. The recent recognition of the new Herpes virus
HTLV-6 (Salahuddin et al, 1986) and the characterization
of the transforming properties of papilloma viruses
indicate that viruses other than retroviruses may yet be
involved in human lymphomagenesis. Incomplete viruses may
require new approaches to enable detection. For example
the pseudotype 'rescue' method recently published by
Zavada et al 1986. Furthermore, the polymerase chain
reaction in which highly conserved sequences in genes such
as gag or pol are amplified may also prove useful for the
detection of mew viruses.

HIV

In 1984 when these .studies were started the impact of
AIDS and related conditions was just being appreciated in
London. No causative agent(s) had yet been identified and
even though the isolation of LAV and HTLV-I had been
reported in people with AIDS or deemed at risk for
developing AIDS, any aetiological connection remained
obscure. The idea that a retrovirus could be the causal
agent of AIDS was attractive. The disease was limited to
those exposed to a virus by sexual or blood routes (which
are prefered routes of transmission of HTLV-I and
Hepatitis B virus). Animal models existed in which
retroviral infection had been shown to be associated with
immunosuppression. For example the feline leukaemia virus
of cats, although it may cause malignancy in some cats,
the more common outcome is severe wasting resulting from
immunosuppression (Hardy 1985). Accordingly an HTLV-1
like virus was searched for by serological means and virus
isolation from primary lymphocyte cultures expanded in
vitro with IL-2 attempted. The presence of HTLV-I and
HTLV-II in London homosexuals and drug abusers was not
sufficiently high to suggest a causal relationship (Tedder
et al, 1984).

A sample of LAV obtained from Prof. Montaignier
(Pasteur Institute, Paris) was used in an attempt to
infect a variety of cell lines. Three of which produced
syncytia upon infection and one (CEM) expressed viral
antigens which were recognized by 50% of the HIV positive
patients' sera tested by IF.

The LAV infected CEM cell line was given to Prof L
Montaignier, and it subsequently became the cell line of
choice of serological screening assays as well as virus
isolation and co-culture.

Early isolation attempts had involved co-cultivation
with B cells because of the successful isolation of the
Mason Pfizer monkey virus and LAV in B cells (Gravell et
al, 1984; Marx et al, 1984; Daniel et al, 1984; Barré
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Sinoussi et al, 1983).

Other cells capable of expressing LAV antigens were CD4
positive human leukaemic cell lines (HUT 78, MOLT 4). It
was noted that apart from PHA stimulation and the addition
of IL-2 no other 'additive' helped detect viral antigens
or aided development of a virus producing cell line.

Other workers have claimed enhancement of virus isolation
using in vitro modifications similar to those already
discussed such as anti-alpha interferon (Barré-Sinoussi et
al, 1983), hydrocortisone (Markam et al, 1986), 5, iodo-2'
deoxyuridine (Folks et al, 1986) or other modifications to
cell culture conditions (Zagury et al, 1986). Other
authors concur that the differences described make little
overall difference. The source of the donor infected
cells the most important determinant, and this was noted
from the multiple virus isolation study which accompanled
the Foscarnet trial (Farthing et al, 1987).

The detection of virus presence (by RT and IF) was
considerably easier than the establishment of a permanent
HIV producing cell line. This required continuous in
vitro passaging and had a low success rate. This was
probably the cause of the long delay between the initial
LAV isolation report (Sept.1983) and the establishment of
permanent cell lines (May 1984).

The most notable cell lines to have emerged during
this study were the first British isolate CBL-1l, which is
as similar to HTLV-IIIB and LAV as they are to each other
(Weiss et al, 1985b). By contrast however CBL-1 has
marked immuno-suppressive properties in B-cell stimulation
assays in contrast to HTLV-IIIB and LAV. (This is
irrespective of which cell line the isolates are
propagated in - Spickett et al in press).

A very "diverse" isolate was obtained from an African
patient suffering from 'Slim' disease. This was designatd
RUT or more recently CBL-4. It has been shown to elicit
markedly diferent neutralising properties (Weiss et al,
1986).

The two patients with acquired hypogammaglobulinaemia
(AHGG) from whom HIV isolates were obtained remain a
mystery as to how they contracted their viruses. The
isolates are unlikely to be laboratory contaminations as
they were isolated independently by Mr. P.Clapham and Dr.
M.Malkovsky in different laboratories on different blood
samples. (Webster et al 1986) Furthermore PBL's from one
of the patients who has since died of AIDS hybridised to
an HIV-I probe. Another AHGG patient has since yielded an
HIV virus on co-cultivation but he now admits to
promiscuous homosexual behaviour. (Dr. D. Webster,
personal communication). Following detection of the virus








































































