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A. Summary

The discovery, characterization, and purifica-
tion of human T-cell growth factor (TCGF)
has led to the establishment of continuously
growing T-lymphoblast cell lines from normal
people and from patients with certain T-cell
neoplasias. In contrast to normal T-cells,
neoplastic mature T-cells respond directly to
TCGEF, requiring no prior lectin or antigen in
vitro activation. The transformed T-cell lines
have phenotypic characteristics consistent with
the neoplastic cells of their disease of origin.
A novel retrovirus, human T-cell lymphoma-
leukemia virus (HTLV), has been isolated
from the fresh and cultured cells of two of these
patients. Subsequent characterization of this
virus has shown that it is not significantly
related to any known animal retrovirus, is not
an endogenous (genetically transmitted) virus
of man, and so far has been associated only
with fresh or cultured T-cells from patients
with T-cell neoplasia. These results suggest
that HTLV infected some mature T-cells of
some people and that it might be involved in
some neoplasias involving these cells.

B. Introduction

There are various clinical presentations of
T-lymphocytic neoplasia in man, including
approximately 25% of both childhood and
adult acute lymphatic leukemia (Brouet et al.
1975b), rare cases of chronic lymphatic leuke-
mia (Brouet et al. 1975a), and hairy cell
leukemia (Saxon et al. 1978), a minority of
cases of diffuse non-Hodgkin’s lymphoma (a
majority of cases in childhood diffuse poorly
differentiated lymphoma) (Gajl-Peczalska et
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al. 1975; Jaffe et al. 1975), and all patients
with cutaneous T-cell lymphomas (mycosis
fungoides, Sezary syndrome, and nodular pa-
pulosis) (Lutzner et al. 1975). Although the
Epstein-Barr virus (EBV), a DNA virus of the
herpes group, is implicated in some aspect of
Burkitt’s lymphoma, a B-cell disease (De-The
1980), the etiology of all the T-cell neoplasias
is, as of yet, obscure. RNA tumor viruses have
been shown to be the etiologic agent of
lymphomas and leukemias in several animal
species, including chickens, mice, cats, cows,
and gibbon apes (Cockerell 1976; Gallo 1976;
Gallo and Reitz 1976; Gallo et al. 1975;
Haran-Ghera 1980; Klein 1980). In several
instances these leukemias involve T-cells.
When bovine leukemia virus (BLV), a causati-
ve agent of B-cell leukemia and lymphoma of
cows, is injected into sheep, lymphoid leuke-
mia and lymphoma, including a cutaneous
form, occur which to our knowledge have not
been subclassified (Olson 1979). It would
seem reasonable then to survey human T-cell
malignancies for the presence of retroviruses.
Since several animal RNA tumor viruses
(Klein 1980) and cells of the putative human
retroviruses isolated to date (Bronson et al.
1979; Gallagher and Gallo 1975; Kaplan et al.
1977; Nooter et al. 1975 ; Panem et al. 1975)
have required the establishment of conti-
nuously growing cell lines from the disease of
origin or cocultivation of these cells with
previously established cell lines, the ability to
grow malignant T-cells in long-term culture
could facilitate the isolation of retroviruses
from these diseased states. We have, therefore,
been interested in developing these and other
cellular systems.

Although there are many immunologic and
cytochemical differences between mature hu-



man T- and B-lymphocytes, human T-cells are
primarily distinguished by their participation
in cell mediated immunity and possession of
receptors for sheep red blood cells. The
elaboration of immunoglobulins and presence
of receptors for EBV are most characteristic of
human B-cells. T-cell differentiation is charac-
terized by the successive gain or loss of certain
cell surface markers and cytoplasmic enzymes
which precede or coincide with the develop-
ment of immunologic functions (Gupta and
Good 1980). The best defined examples are:
terminal deoxynucleotidyl transferase, a mar-
ker for immature or pre-T-cells; rosette for-
mation with sheep red blood cells, a characteri-
stic of more mature cells; and human T-cell
antigens recognized by certain monoclonal
antibodies on both immature and mature
T-cells. In previous studies from this laborato-
ry ““activated” (by lectins) lymphoblasts from
either peripheral blood or bone marrow from
normal human donors were grown continuous-
ly with TCGF. Examination of these cells
showed that over 90% were E-rosette positive
and that all were karyotypically normal and
negative for terminal transferase, EBV, and
surface immunoglobulins (Morgan et al.
1976), indicating that these cells were T-lym-
phoblasts of relative maturity. Hence, in our
initial attempts to develop cell lines from
patients with T-cell neoplasias, we chose clini-
cal subpopulations which represent a more
mature form of disease, namely, the cutaneous
T-cell lymphomas and leukemias and E-roset-
te positive T-cell ALL (Gupta and Good
1980). In this report we have summarized our
recent results with TCGF, the various T-cell
systems, and the isolation of a new type-C
retrovirus released from growing T-cells from
some of these T-cell neoplasias.

C. Growth of Thymus-Derived (T)
lymphocytes

Lymphocyte reactions are complex and invol-
ve interactions between subsets of T- and
B-lymphocytes and accessory adherent cells.
Understanding of the regulation of the immu-
ne response has recently advanced considera-
bly with the development of new culture
methodologies (Morgan et al. 1976; Ruscetti
et al. 1977) for the long-term growth of human
T-cells. Using these methods, animal and
human T-cells from numerous lymphoid or-

gans have been maintained in continuous
culture for 1-3 years, provided that they were
supplemented every 3-5 days with conditio-
ned media from lectin-stimulated mononucle-
ar cells. Subsequent studies have shown that
the agent responsible for this growth promo-
tion is indeed a lymphokine, designated T-cell
growth factor (TCGF) (Ruscetti and Gallo
1981; Smith, to be published). Thus, for the
first time continuously growing clones of lym-
phocytes, capable of unlimited expansion in
culture while retaining functional specificity
and responsiveness to normal humoral regula-
tion, were developed (Schreier et al., to be
published; Smith, to be published). These
cloned T-cells will be essential reagents in
studies to better define the T-cell proliferative
responses.

The method used in our laboratory for
culturing human T-cells is as follows: Leucocy-
te-enriched cell populations are seeded at
2-5X 10’ cells/ml suspended in tissue culture
medium containing 15 % heat-inactivated fetal
calf serum and 20% conditioned media from
PHA -stimulated leucocytes and incubated at
37°C. The cells reach their saturation density
(1-2%x 10° cells/ml) in 4-5 days. It is critical
that the cells are subcultured and refed with
fresh Ly-CM-containing media for continued
cell growth. The morphologic and functional
characteristics of these cultured cells are cha-
racteristic of mature T-lymphocytes (Table 1).
These cells were over 90% positive for the
sheep red blood cell receptor, a test specific for
T-cells, and were sensitive to human anti-T-
cell sera. As a test of T-cell-specific function,
they responded to, but were unable to stimula-
te, allogeneic cells in one-way mixed leucocyte

Table 1. Some characteristics of purified human
TCGF

Nature of molecule Protein

Size About 13,000 daltons

pI 6.8

Glycosyl moiety None detected

Target cell Activated T-lymphocyte

Mode of action Unknown

Cell of origin Probably a subset of
activated T-lymphocytes
distinct from the

target T-cell

Very labile unless
stored in albumin or
PEG

Stability
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cultures. These cells did not contain detectable
levels of terminal deoxynucleotidyl transfera-
se, an enzyme marker for immature lymphoid
cells. The population of growing cells appears
to be purely T-cells, since there were no
markers for other types of leucocytes. In
particular, surface markers for B-lymphobla-
stoid cells were not detectable, including tests
for surface and intracellular immunoglobulin,
EBV-receptors, and B-cell-specific comple-
ment receptors. These cells could be distingu-
ished from permanently transformed lympho-
blastoid cell lines by their: (1) dependence for
growth upon the continuous presence of
TCGF, (2) lack of detectable EBV and surface
immunoglobulins, and (3) exhibition of immu-
nologic reactivities not associated with trans-
formed lymphoblastoid cells. Nevertheless, in
the constant presence of TCGF we have no
evidence that the lifetime of these cells is finite.

D. The Functional Significance of TCGF

Human TCGF has been substantially purified
(Mier and Gallo, 1980) and its biochemical
characteristics are summarized in Table 1. The
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ACTIVATED T CELL

central observation concerning the control of
T-cell proliferation was made using this par-
tially purified TCGF. This was the realization
that the proliferative stimulus is provided by
TCGF rather than the lectin or antigen which
in themselves are mitogenic only in situations
where they stimulate the release of TCGF. The
fact that TCGF is depleted by proliferating
T-cells (Bonnard et al. 1979; Smith et al.
1980) explains the finite nature of lectin-sti-
mulated T-cell responses and the apparent
infinite proliferative capacity of T-cells conti-
nuously supplemented with TCGF.

The T-cell proliferative response and acqui-
sition of effector cell function depends upon
interactions between at least three cell types as
illustrated by the model in Fig. 1. The addition
of antigen or lectin to a mixed population of
these cell types results in a cellular activation
which is characteristic for each cell. An activa-
ted adherent cell, most likely the macrophage,
processes the antigen/lectin and releases a so-
luble product termed lymphocyte activating
factor (LAF) (Oppenheim et al. 1979). This
activity is not in itself a proliferative stimulus
but it appears to stimulate the production
and/or release of TCGF (Larsson et al. 1980;

MACROPHAGE

LAF

;(?)

TCGF

TCGF PRODUCER

PRECURSOR

TCGF RESPONDER

TCGF RESPONDER\‘

PRODUCER

CYTOLYTIC/
HELPER/
SUPPRESSOR (?)

PRECURSOR

Fig. 1. A model for the action of purified T-cell growth factor in regulating T-cell protiferation
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Smith et al. 1980). The actual mechanism of
action of LAF remains obscure. However,
once the T-cells are activated and TCGF is
present, the T-cells will proliferate in the
absence of antigen, adherent cells, or adherent
cell products. Several observations suggest
that the TCGF producing-cell is a mature
T-cell that is activated by antigen and stimula-
ted by LAF to release TCGF. Highly purified
T-cells produce TCGF when provided with
these signals (Smith et al. 1980). TCGF
production requires the maturational influen-
ce of the thymus (Gillis et al. 1979). Cloned
T helper cells can produce TCGF in vitro
(Smith, to be published). Itis not clear whether
under normal circumstances the TCGF produ-
cer T-cell can repsond to TCGF. All the T-cell
lines reported to date have required the
addition of exogenous TCGF for continuous
proliferation in the absence of other cells. No
normal T-cell lines capable of making enough
growth factor to be independent of added
T-cells have been found. If the same subset of
helper T-cells have the ability both to make
and respond to TCGF, then it may be possible
to select self-replicating helper T-cell lines.
Our current views on the regulation of T-cell
proliferation by TCGF is illustrated in Fig. 1.

An initial result of antigen/lectin binding to
the TCGF responder cell population, whether
they are cytotoxic, suppressor, or helper in
nature, is the acquisition of a TCGF responsive
state. This responsiveness appears to be a di-
rect result of the development of TCGF-speci-
fic membrane recpetors (Bonnard et al. 1979;
Smith et al. 1979). Freshly isolated T-cells will
neither bind nor proliferate in response to
TCGF, but the addition of antigen/lectin to
these T-cells will allow absorption of and
proliferation in response to TCGF. The results
indicate that the specificity of T-cells is restric-
ted by the antigen that activated the cell but
that the proliferate stimulus is provided by
TCGF which itself has no antigenic specificity
(Schreier and Tees 1980).

The discovery that T-cell clonal expansion is
dependent upon TCGF and is mediated
through a specific receptor suggests that der-
angements in the immune system seen in
immunodeficiency and neoplastic states can be
explained by alterations in the release of or
response to TCGF. In addition, agonists and
antagonists of the immune system may well
function by affecting TCGF production or
function.

E. Establishment and Characterization of
Cell Lines from Patients with T-Cell
Neoplasias Using Purified TCGF

A few non-B lymphoblastoid cell lines (e.g.,
Molt 4, 8402, CCRF-CEM) have been esta-
blished from patients with ALL. Generally,
these cell lines are terminal deoxynucleotidyl
transferase (TdT) positive, which as noted
earlier is a marker for immature lymphoblasts
usually but not necessarily restricted to the
T-lymphoid lineage. These cell lines either
have no or a small percentage of E-rosette-po-
sitive cells (Nilsson and Ponten 1975), and
they neither produce TCGF nor respond to it
(our unpublished observations). We assayed
some malignant T-cells, particularly those of
mature T-cell origin, for their capacity to
maintain responsiveness to TCGF.

As previously discussed, purified TCGF
does not stimulate the growth of freshly
isolated normal T-cells. If the malignant
T-cells were activated during the process of
transformation, these cells could then be selec-
tively grown by treatment with the purified
TCGF. In fact, this was observed. Long-term
growth of T-cells from tissue samples from six
of six patients with cutaneous T-cell lymphoma
(CTCL) and six of six patients selected as
having acute lymphocytic leukemia of a T-cell
origin was achieved by using partially purified
mitogen-free TCGF (Poiesz et al. 1980a). All
these fresh samples began to proliferate after
24—48 h and were in continuous culture for at
least 4 months. Some have been maintained in
culture for over a year. These cell lines
remained E-rosette positive, TdT negative,
and negative for B-cell markers, typing them
as mature T-cells. The CTCL, ALL, and
normal cultured T-cells can be distinguished
from one another by cytochemical procedures.
All the CTCL cell lines (and only those lines)
were strongly positive for nonspecific esterase,
utilizing assay conditions which only stain
monocytes. The presence of markers for both
T-cell and monocytoid characteristics on these
CTCL-cultured cells is puzzling but probably
means they are neoplastic T-cells with aber-
rant properties. Normal cultured T-cells exhi-
bited a mild granular cytoplasmic staining for
acid phosphatase which is typical of freshly
isolated T-cells. The majority of the cultured
ALL cells showed a strong concentration of
the staining pattern in the Golgi region of the
cells which has been reported to be a strong
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indication of malignant T-cells in fresh ALL
samples (Catousky et al. 1978; Schwarce
1975). Also, in one case, CTCL-3, the fresh
and cultured cells had metaphases which sho-
wed the same karotypic abnormalities. Also, in
one case, CTCL-2, the cells became indepen-
dent of added TCGF for continuous growth
after ten passages in culture. The morphology
of the cultured cells was of interest and very
similar to cells of the primary neoplasias. For
instance cultured CTCL cells contained many
giant multinucleated cells often surrounded by
many mono- or binucleated smaller cells, the
nuclei of which were often convoluted (see Fig.
2) (Poiesz et al. 1980a). The independent
growth of CTCL-2, the abnormal karyotype of
CTCL-3, the direct response to TCGF, the
cytochemistry patterns of the cell lines as
consistent with studies performed on fresh

samples from patients with CTCL and ALL
(Catousky et al. 1978; Schwarce 1975), and
perhaps most evidently, the abnormal mor-
phology of the cells strongly indicate that the
cell lines represent the neoplastic cell popula-
tions. We think these cell systems will be useful
for (1) comparative studies between normal
and neoplastic T-cells, (2) possible predictive
value in patients in remission by utilizing the
direct response of transformed T-cells to
TCGF as an indication of the presence of
residual neoplastic cells, and (3) providing
malignant T-cells for biochemical and virologi-
cal studies relating to etiology. Their proper-
ties are summarized in Table 2.

It has been proposed that TCGF is a second
signal for sustained growth of previously acti-
vated normal T-lymphocytes (Ruscetti and
Gallo 1981). Presumably, antigen or mitogen

Fig. 2. Light microscopic appearance of cultured cutaneous T-cell lymphoma cells. Cytocentrifuge
preparation of cultured CTCL-2 cells, illustrating the varying size and nuclear number of cultured CTCL cells

Wright-Giemsa stain. x1800
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Variable and
like primary

Variable and
cells

like primary

Chromosomes
diploid
cells

Normal

Diffuse intense reaction in a few
cells; majority — small para-
nuclear cytoplasmic granule

Nonspecific
esterase

Diffuse intense

in Golgi region
reaction

Acid

Rosette phosphatase
+
Mild granular
cytoplasmic
++
Concentrated
+++

1gG

TdT EBV, E-.

blasts mono- or binucleated; some

Heterogenous giant multinucleated —
with convoluted nuclei

sometimes with multiple nucleoli
cells and other smaller lympho-

Homogenous lymphoblasts —
in nucleus

Normal lymphoblasts

Morphology

TCGF TCGF and

additions Alone PHA initia.

(rarely +)
(rarely +)

No

2 ALL is acute lymphoblastic leukemia. The cells were from peripheral blood of untreated patients with T-cell disease
® CTCL is cutaneous T-cell lymphoma or leukemia. Cells were from blood or lymph nodes

Table 2. Comparative properties of continuously cultured human T-cells

Source Requirements of growth

of
CTCL® —

cells
Normal —
ALL?

stimulation induces cell membrane alterations
to produce or expose a receptor(s) for TCGF.
Neoplastic T-cells may have such areceptor(s)
on their cell surface at all times, thereby
explaining the ability to grow T-cells from
CTCL and ALL samples with pp-TCGF wi-
thout prior mitogen stimulation. This could be
due to either chronic stimulation by some
ill-defined antigen or cellular membrane chan-
ges which lead to exposure of a receptor or its
synthesis de novo. If TCGF plays a role in the
in vivo regulation of T-cell replication, as
seems most probably, the above model may
explain a growth advantage of malignant
lymphocytes over normal T-cells.

F. Some of the Cultured Mature T Cells
from Patients with T-Cell
Leukemias-Lymphomas Release
Retroviruses

Retrovirus particles were observed budding
from fresh and cultured cells from two pa-
tients, each with a clinical variant of a cutane-
ous T-cell lymphoma (Poiesz et al. 1980b, and
to be published). These viruses were subse-
quently isolated and characterized (see be-
low). Patient C.R. was a 28-year-old male with
Stage IV mycosis fungoides and patient M.B.
was a 64-year-old female with the leukemic
phase of Sezary syndrome. Abnormal T-lym-
phoblast cell lines were derived from both
these patients using TCGF. The cell lines,
HUT102 (Gazdar et al. 1980; Poiesz et al.
1980a) and CTCL-3 were established 1 year
apart from the right inguinal lymph node and
peripheral blood of patient C.R. Another cell
line, CTCL-2, was derived from a leukemic
peripheral blood sample from patient M.B.
(Poiesz et al. 1980). HUT102 and CTCL-2
cells are now grown independent of added
TCGF, but CTCL-3 still requires it. Morpho-
logically typical (Schidlovsky 1977) type-C
budding, immature, and mature virus particles
have been observed on electron micrographs
of cell pellets from all three of these cell lines
and fresh peripheral blood lymphocytes from
patient C.R. (Fig. 3).

Initially, virus production from HUT102
cells required prior induction iododeoxyuridi-
ne (IDUR) but spontaneously became a con-
stitutive producer of virus at a later passage,
whereas CTCL-3 cells have always been con-
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Fig. 3. Thin-section electron micrographs of budding HTLV particles seen in pelleted HUT 102 cells.
A Early viral bud. B Late viral bud with nearly completed nucleoid. C »Immature” extracellular virus particle
(top) with incomplete condensation of the nucleoid. D »Mature” extracellular virus particles with condensed,
centrally located nucleoid surrounded by an outer membrane separated by an electron lucent area. E HUT
102 cell 72 h after IDUR induction. Many mature particles are found in the extracellular space in clumps
associated with cellular debris (inset). The bar linesin A-D and inset equal 100 nm. The bar line in E equals

1000 nm

stitutive producers. CTCL-2 cells have always
required IDUR induction of virus. Typical of
aretrovirus, the HTLV isolates band at a densi-
ty of 1.16 gm/ml in continuous sucrose gra-
dients (Poiesz et al. 1980, and to be published),
contain 70S RNA (Reitz et al., to be publis-
hed) and are associated with a DNA polymera-
se which prefers the template primers poly
rA.oligo dT and poly rC.oligo dG over poly
dA.oligo dT. Purified DNA polymerase from
HTLV g has shown the same results with the
above template primer and has been demon-
strated to catalyze transcription of purified
simian sarcoma virus (SSV) 70S RNA and
human mRNA (Rho et al., to be published).
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These are all characteristics of a viral reverse
transcriptase (RT) (Sarngadharan et al. 1978).
The molecular weight of purified HTLV RT is
about 95,000. The enzyme shows preference
for Mg™** as its divalent cation, especially with
the template-primer, poly rC.oligo dG (Kaly-
anaraman et al., to be published). This combi-
nation of morphologic and biochemical cha-
racteristics are atypical for most known animal
viruses; HTLV does not easily fit into a clear
type C, B, or D pattern. Rather, it is suggestive
of those viruses which are difficult to classify,
e.g., BLV (Olson 1979) or the particle-associa-
ted RT-like activity found in some fresh
human placentas (Nelson et al. 1978).



The major protein bands of disrupted puri-
fied HTLV g and HTLV\g particles as deter-
mined by SDS polyacrylamide gel electropho-
resis are identical and have mol. wts. of
approximately 81,000 (p81), 52,000 (p52),
42,000 (p42), 24,000 (p24), 18,000 (p18),
12,000 (p12), and 10,000 (p10) (Reitz et al.,
to be published; Rho et al., to be published).
These proteins are consistent in size and
number with that expected of a retrovirus
(August et al. 1974). These same proteins
bands are identifired when HUT102 cells are
grown in H3-leucine and the subsequently
isolated and purified HTLV g particles are
disrupted and examined by SDS PAGE.
Hence, they represent either viral or cellular
proteins rather than a contaminant from the
fetal calf serum in which the cells are grown.

Several proteins, p81, p24 and pl8 are
labeled with I'>> only after disruption of
HTLV ¢ particles with detergent and, therefo-
re, probably are viral core proteins (Kalyana-
raman et al., to be published). We think p24 is
the major structural core p30 of HTLV becau-
se of its relative quantity, molecular weight,
elution profile on phosphocellulose (Kalyana-
raman et al., to be published and see below),
and co-purification with viral cores.

G. The HTLYV Isolates Are Retroviruses
and They Are a New Retrovirus Class

As is evident from the above discussion the
HTLYV isolates can be categorized as retroviru-
ses because they have retrovirus morphology
and mode of budding from cell membranes,
a density of 1.16 g/ml by sucrose gradient
analysis, and contain 70S RNA, structural
proteins analogous to retrovirus proteins, and
a DNA polymerase. There are four indepen-
dent cell sources from two different patients
which release HTLV; all were grown in culture
in the presence of TCGF. Two of these cell
lines (HUT-102 and CTCL-2) have become
TCGF independent, apparently because they
produce their own TCGF. These two cell lines
are producers of HTLV.

The characterization of the HTLV DNA
polymerase clearly indicates that it is a RT.
Prior to its purification HTLV RT catalyzes an
endogenous DNA synthesis. The cDNA pro-
duct can be isolated and purified. It completely
(>90%) hybridizes back to purified HTLV

70S RNA (see Reitz et al. in this book).
Purified HTLV RT catalyzes transcription of
purified viral 70S RNA (or mRNAs) in recon-
stituted reactions (Reitz et al., to be publis-
hed). Purified HTL RT utilizes poly rC.oligo
dG and poly rA.oligo dT, but not poly dA.oli-
go dT (Rho et al., to be published) — characte-
ristics of a retrovirus RT (Gallo and Reitz
1976); Gallo et al. 1975; Sarngadharan et al.
1978). Purified HTLV RT is about 95,000
daltons, shows preference for Mg** for its
divalent cation, and of all synthetic template
primers, utilizes poly rC.oligo dG most effi-
ciently (Rho et al., to be published). As noted
above these characteristics mimic the diffecult-
to-classify retroviruses, i.e., those not clearly
type C, D, or B, e.g., (BLV).

Several analyses of HTLV have been com-
pleted. All of these results show that HTLV is
not closely related to previously isolated ani-
mal retroviruses. These results are summari-
zed here.

I. Reverse transcriptase

As noted above, HTLV RT has been purified.
We (Rho et al., to be published) have compa-
red purified HTLV to other RTs purified from
animal retroviruses for immunologic related-
ness. We have described these types of assays
previously at these meetings in other compara-
tive studies (Gallo 1976; Gallo 1979). Briefly,
we have made antibodies to RTs from many
animal retroviruses by inoculating goats or rats
with the purified RT (Mondal et al. 1975;
Smith et al. 1975; Todaro and Gallo 1973).
The hyperimmune sera are obtained, and in
most cases they strongly neutralize the DNA
polymerase activity of the homologous RT.
These antisera also generally show cross reac-
tions which are in keeping with the known
relatedness of lack of relatedness of different
retroviruses as determined by other types of
comparisons. Sometimes neutralization of po-
lymerase activity of the homologous enzyme is
not obtained. In these cases, however, a positi-
ve and specific binding of the antibody to the
RT can be demonstrated (Robert-Guroff and
Gallo 1977; 1979). When these tests were
made with RT from HTLV no detectable cross
reactons was found with any of the antisera to
animal retroviruses (Poiesz et al. 1980b; Rho
et al., to be published). These results are
summarized in Table 3.
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Table 3. Lack of detectable relatedness of purified
reverse transcriptase of HTLV to reverse transcrip-
tase of several animal retroviruses®

Anti-RT IgG® Amount of Anti-RT IgG required

for >50% inhibition of

RT activity of :

Homologous RT®* HTLV RT

(ug) (ug)
SSAV 10-15 >>150
GalLV 10-15 >>150
BaEV 10-15 >>150
FelV 5-10 >>150
RD114 10-15 >>150
R-MulV 5-10 >>150
MPMV 10-15 >>150
SMV 20-25 >>150
MMTV 20-25 >>150
BolLV 15-20 >>150
AMV 5-10 >>150

2 Assays were carried out by determining the per-
centage neutralization of DNA polymerases (Re-
verse transcriptases) by different amounts of hype-
rimmune sera. The hyperimmune sera were prepa-
red by inoculation of rats or goats with the various
reverse transcriptases. Controls were with buffer
alone or with nonimmune sera. Preincubations of
antibodies and polymerases were for 3 h at 4°
followed by polymerase assays which were carried
out with standard conditions and 20 mM Mg**
and poly rC.oligo dG or 0.05 mM Mn™** and poly
rA.oligo dT

Anti-RT IgG refer to the hyperimmune sera made
against RT from the viruses listed in the table

¢ Homologous RT refers to the RT the antibody was

made against

=3

II. Core Protein p24

The major internal protein of HTLV has
a molecular weight of 24,000 (Kalyanaraman
et al., to be published). This protein is analo-
gous to the major core protein (p24 to p30) of
animal retroviruses. The evidence that HTLV
p24 is a viral protein of HTLV and not

a cellular or serum protein contaminating the

virion preparations is as follows:

1. The p24 is the major protein associated with
HTLV;

2. p24 copurifies with HTLV cores and increa-
ses as virus titer is increased;

3. p24 has the same biochemical behavior as
animal retrovirus core proteins (p24 to
p30), e.g., size and characteristics of elution
from phosphocellulose columns; and

510

4.p24 is readily detectable in the neoplastic
human T-cells producing HTLV but not in
normal human cells, including normal gro-
wing human T-cells.

These observations are all reported in detail
elsewhere (Kalyanaraman et al., to be pu-
blished).

The p24 of HTLYV is not significantly related
to proteins of animal retroviruses. The eviden-
ce for this is summarized here. Hyperimmune
serum was obtained against p24 of HTLV
(Kalyanaraman et al., to be published). This
antibody precipitates I'?3-labeled HTLV p24
but not significantly proteins of animal retrovi-
ruses. Conversely, antibodies to p24—p30 of
various animal retroviruses do not significantly
precipitate HTLV 1!'?5-p24. Competition ra-
dioimmune assays were next employed. None
of the tested animal retroviruses p24—p30
competed in precipitation of HTLV 1!25-p24 by
HTLYV p24 antisera, while cold HTLV compe-
ted completely. Conversely, HTLV p24 did not
compete in various homologous radioimmune
precipitation assays using I'?° p24—p30 of
animal retroviruses and their corresponding
antisera. For example, whereas 10 to 100 pg of
unlabeled p30 from SSAV, BaEV, or MuLV-
Rauscher competed 50% of the precipitation
of their 1'2°-p30 by the corresponding antisera,
unlabeled HTLV p24 did not compete. Finally,
p30 of certain retroviruses are known to
contain interspecies determinants. These cross
reactions can be detected by heterologous
competitive radioimmune assays, i.e., by using
1'?5 p30 of one virus and antisera to p30 of
another (related) virus. These assays show, for
example, that p30 of some mammalian retrovi-
ruses are closely related (reviewed in Aaron-
son and Stephenson 1976). We have confir-
med the reported relatedness of some of the
Type-C mammalian retroviruses, and we have
shown that HTLV p24 does not compete in
these assays. These results are reported in
detail elsewhere (Kalyanaraman et al., to be
published), and a list of the animal retroviruses
tested for lack of p24—p30 relatedness to
HTLV p24 is presented in Table 4.

II1. Nucleotide Sequences

The relatedness of HTLV nucleotide sequen-
ces to those of animal retroviruses was exami-
ned by several approaches. These results show
a very slight but reproducible homology bet-
ween HTLV and sequences from viruses of the



Table 4. HTLV p24 is distinct from p24-p30 of the
animal retroviruses listed here?

Primate Type-C
SSV(SSAV) (woolly monkey virus)
GaLV (gibbon ape leukemia virus)
BaEV (baboon endogenous virus)
OMC-1 (owl monkey virus)
Primate Type-D
MPMYV (Mason Pfizer monkey virus)
SMRYV (squirrel monkey retrovirus)
Feline Type-C
FelV (feline leukemia virus)
RD114 (endogenous feline virus)
Murine Type-C
MulVy (murine leukemia virus, Rauscher
Strain)
Murine Type-B
MMTYV (mouse mammary tumor virus)
Miscellaneous Type-C and Unclassified
BLV (bovine leukemia virus)
GPV (guinea pig virus)
DKV (deer kidney virus)
VRYV (viper virus)

2 Details are reported elsewhere (Kalyanaraman et
al., to be published)

SSV(SSAV)-GalV primate type-C oncogenic

infectious virus group (about 10% to 15%

above background) and no detectable homolo-

gy to other animal retroviruses. Several ap-

proaches were used. They included tests of

homology between:

1.3H-cDNA of HTLV and 70S RNA of
various animal viruses;

2.3H-cDNA of HTLV and DNA from cells
infected by various viruses and, therefore,
containing DNA proviruses;

3.3H-cDNA of HTLV and DNA from tissues
of animals containing multiple copies of
endogenous genetically transmitted viro-
genes;

4.1'%3-70S RNA of HTLV and DNA from
infected cells and DNA from animal tissues
containing endogenous virogenes;

5.°H-cDNA of animal retroviruses and 70S

RNA from HTLV; and
6.3H-cDNA of animal retroviruses and DNA

and RNA from cells (HUT-102) infected by

and producing HTLV.

These results were uniform in showing that
the HTLYV isolates are related to each other but
not significantly related to known animal
retroviruses. The results are summarized by
Reitz et al. elsewhere in this book and will be

published in detail elsewhere (Reitz et al.
1981).

IV. Attempts to Transmit HTLYV to Other
Cells

In vitro and in vivo experiments are in progress
to determine whether HTLV can infect certain
cell types or effect their growth. So far HTLV
have not been transmitted to any of several cell
types from different animals including hu-
mans. The results to date suggest that either
the HTLV isolates are in some way defective or
that cell receptors for them are unusual and yet
to be found. The two suggestions are not
mutually exclusive.

H. HTLYV is Not an Endogenous
Wide-Spread (Germ-Line)
Transmitted Virus of Humans

Many animal retroviruses are endogenous to
a given species, that is, their genomes are
present in the DNA of all tissues of most and in
some cases possibly all members of a species.
They are not generally infectious to the species
but are transmitted in the germ line in a Men-
delian genetic manner. These retroviruses are
often nononcogenic in contrast to BLV, GalLV,
FelLV, AMYV, etc. which cause leukemias and
lymphomas by some kind of infection. We do
not know how HTLV is transmitted. It is
possible that it is endogenous and vertically
transmitted in the germ line of select families!.
However, we can conclude that it is not
a widespread endogenous genetically trans-
mitted virus of humans because 3H-cDNA and
1'125-70S RNA of HTLV does not hybridize to
DNA purified from normal human tissues.
Over 30 samples were examined and none
contained detectable HTLV sequences under
conditions that would readily detect one copy
per haploid genome. These results are also
summarized by Reitz et al. elsewhere in this
book and will be reported in detail in a separa-
te publication (Reitz et al., to be published).

1 Note added in proof: New results have shown that
sequences of HTLV can not be found in cultured
normal B-cells from patient C. R. Therefore, this
virus in the neoplastic T-cells must be acquired not
genetically transmitted
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I. HTLV Was Present in the Primary
(Uncultured) Fresh Cells

There is now substantial evidence that HTLV

was present in the primary tissues or leukemic

blood cells of some of the patients we have had
the opportunity to study. The evidence sum-
marized here is as follows.

1. HTLV nucleotide sequences were found in
the DNA of the fresh leukemic cells of
patient M.B., the patient with Sezary leuke-
mia from which cell line CTCL-2 was
established (Poiesz et al., to be published).
As noted earlier, CTCL-2 releases virus
(called HTLV)y) very similar to the first
isolate of HTLV (Poiesz et al., to be pu-
blished).

2. HTLV nucleotide sequences were found in
the DNA of uncultured leukemic cells of
a 16 yr. old young man with T-cell ALL.
Some of these results are summarized by
Reitz et al. in this book and published in
detail elsewhere (Reitz et al. 1981).

3. Extracts of the fresh leukemic cells of
patient M.B. competed for the radioimmune
precipitation of I'?* HTLV-p24 by its homo-
logous antisera, suggesting that HTLV p24
was in the fresh leukemic cells of patient
M.B. (Poiesz et al., to be published) and

4. Antigens detected by HTLV antibodies and
antibodies reactive with HTLV proteins
have been found in some other patients by
M. Robert-Guroff and L. Posner in our
laboratory.

We have not yet found HTLV, antigens, or
HTLV nucleic acids in normal cells or in cells or
tissues derived from patients with myeloid
leukemias, B-cell leukemias, or carcinomas.
Our evidence to date then associates HTLV
only with neoplastic and relatively mature
T-cells of some patients. Therefore, our wor-
king hypothesis is that HTLV is an unusual
infection of humans with a very specific target
cell.

J. Conclusions

HTLV are novel retroviruses which are found
in some human mature T-cell lymphomas and
leukemias. We think they are an unusual
infection with very specific target cells. They
may act on those subsets of T-cells which are
able to produce TCGF. This interaction might
allow for abnormal TCGF release which in
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turn leads to abnormal proliferation, a model
similar to the proposed model made previously
at these meetings (Gallo 1979). A wide epide-
miological survey by more than one sensitive
technique is now needed to further understand
the possible role of this virus in human disease.
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