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Detection, Isolation, and Continuous Production of Cytopa;hic
. Retroviruses (HTLV-IID from Patients with AIDS and Pre-AIDS

Abstract. A cell system was developed for the reproducible detection of human 7-
lymphotropic retroviruses (HTLYV family) from patients with the acquired immunode-
ficiency syndrome (AIDS) or with signs or symptoms that frequently precede AIDS
(pre-AIDS). The cells are specific clones from a permissive human neoplastic T-cell
line. Some of the clones permanently grow and continuously produce large amounts
of virus after infection with cytopathic (HTLV-III) variants of these viruses. One
cytopathic effect of HTLV-III in this system is the arrangement of multiple nucleiina
characteristic ring formarion in giant cells of the infected T-ceil population. These
structures can be used as an indicator to detect HTLV-IIL in clinical specimens. This
System opens the way to the routine detection of HTLV-III and related cytopathic
variants of HTLV in pasients with AIDS or pre-AIDS and in healthy carriers, and it
provides large amounts of virus for detailed molecular and immunological analyses.

Epidemiologic data suggest that the
acquired immunodeficiency syndrome
(AIDS) is caused by an infectious agent
that is horizontally transmitted by inti-
mate contact or blood products (/-J).
Though the disease is manifested by op-
portunistic infections. predomunantly
Pneumocystis carinii pneumonia (4). and
by Kaposi's sarcoma (J), the underlying
disorder affects the patient's cell-mediat-
ed immumty (6). resuiting in absolute
lymphopenia and reduced subpopula-
tions of helper T lymphocytes (OKT47).
Moreover, before a complete clinical
manifestation of the disease occurs, its
prodrome, pre-AIDS. is frequently char-
acterized by unexplained chronic lymph-
adenopathy or leukopenia involving
helper T lymphocytes (5, 6). This leads
to the severe immune deficiency of the
patient and suggests that a specific sub-
set of T cells couid be a primary target
for an infectious agent. Although pa-
tients with AIDS or pre-AIDS are often
chronically infected with cytomegalovi-
rus (7) or hepatitis B virus (8). for vari-
ous reasons these appear to be opportu-
msuc or coincidental infecuons. We
have proposed that AIDS may be caused
by a virus rrom the famuy of human T-

4 MAY 1984

cell lymphotropic retroviruses (HTLV)
(9) that includes two major, well-charac-
terized subgroups of human retrovir-
uses, called human T-cell leukemia-lym-
phoma viruses, HTLV-l (%={2)' and
HTLV-II (9. {1, 13). The most common
isolate, HTLV-I. is obtained mainly
from patients with mature T-cell malig-
nancies (9, [2). Seroepidemioiogical
studies. the biological effects of the virus
in vitro. and nuclewc acid hybridization
data indicate that HTL V- is etiological-
ly associated with the T-cell malignancy
of adults that is endemic in certain areas
of the south of Japan (/4), the Canbbean
(15). and Africa (16). HTLV-II was first
isolated from a patient with a T-cell
vanant of hairy cell leukemia (/3). To
date. this is the only reported isolate of
HTLV-1I from a pauent with d neoplas-
uc disease. Virus isolation and seroepi-
demiological data show that both HTLV-
[ and HTLV-II can sometimes be found
in patients with AIDS (/7).

That a retrovurus of the HTLV family
mught be an eticlogical agent of AIDS
was suggested by the findings (i) that
another retrovirus. feline leukemua virus.
causes immune deficiency in cats (/8);
and that (i) retroviruses of the HTLV

family are T-cell tropic (/2. I9): (iid)
preferentially infect helper T-cells

(OKT47) (12, 19 (iv) have cytopathic

edects on various human and mammali-
an cells, as demonstrated by therr induc-
tion of cell syncyua formation 120): (v)
can alter some T-cell funcuons (2/): (vi)
can in some cases seiectvely kill T-cells
(22): and (viii) may be transmitted by
intimate contact and blood products (9).
Also consistent with an HTLV etiology
were the resuits of Essex and Lee and
their colleagues showing the presence of
antibodies to cell membrane anugens of
HTL V-infected cells in serum samples

. from more than 40 percent of pauents

with AIDS (23). This antigen has since
been defined as part of the envelope of
HTLV (24). The more frequent detection
in AIDS patients of anubodies to a mem-
brane protein rather than to HTLV-{
internal structural core proteins (29), to-
gether with the low incidence of isola-
tions of HTLV-I or HTLV-II from AIDS
patients, also suggested that a new vari-
ant of HTLV might be present.

The original detection and isolation of
HTLV-I were made possibie by the dis-
covery of T-cell growth factor (TCGF)
(26), also called interleukin 2 (IL-2),
which stimulates the growth of different
subsets of normal and neoplastic mature
T-cells (27), and by the development of
sensitive assays for reverse transcriptase
(RT), an enzyme characteristic of retro-
viruses (28). The procedures used previ-
ously for the transmission and continu-
ous production of HTLV-I and -II were
first worked out in mammalian cells
transformed by avian sarcoma virus (29).
These methods involved cocuitivaton of
the transformed cells with cells permus-
sive for the particular virus strain. Nor-
mal, human T cells in coculuvation ex-
peniments preferenually yielded HTLV
of both subgroups. Some of these viruses
showed an immortalizing 'transtorming)
capability for certan target T ceus (9.
12). We thought that HTLV variants that
have cytopathic effects on therr target
cells but do not immortalize them might
be more important in the cause of AIDS.
In fact. such variants were frequently
but only transiently detected when nor-
mal T cells were used as targets in cocul-
tivation or cell-free transmission expen-
ments. This transience was our man
obstacle to the isolauon of these cvto-
pathic variants of HTLV from pauents
with AIDS or pre-AIDS. We subse-
quenty found a cell line that is fugaly
susceptible to and permissive for Ivio-
pathic vanants of HTLV. This ceil lne
can grow permanently after :nfection
with the virus. We report here the estao-
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lishment and characterization of this new
immortalized T-cell population and its
use in the isolation and continuous high-
level production of HTLV variants from
patients with AIDS and pre-AIDS.

established in vitro were assayed for
susceptibility to infection with HTLV-[
and -[I and with many of the more cyto-
pathic retroviruses isolated from AID.

patients (30). One neoplastic aneupioid

Several aeoplastic human ceil lines Twcell line. derived from an adult with

Fig. 1. Light and electron microscopic examination of clone H&/HTLV-1. (a) HYHTL V-

cdhwmchmcﬁzdbymcpmmdhmmdﬁnwam:dhmmwd.ﬁm
Giemsa-Wright staining, a characteristic arrangement of their nuclei (x350). (b) Electron
mmndmwhmmmmaummmm(xw.M).

Tabie 1. Response of cloned T-cell populations to infection with HTLV-III. Singlecell clones
were isolated as described (34, 35) from a long-term cultured aneupioid HT cell line exhibiting
mature T-cell phenotype [OKT3™ (62 percent), OKT4" (39 percent), and OKT38"] as deter-
auned by cytofluorometry with a fluorescence-activated cell sorter. The cultures are routinely
maintained in RPMI 1640 medium containing 20 percent fetal calf serum (FCS) and antibiotics.
The terminal cell density of the parental cell culture, seeded at a concentration of 2 x 10° cells
per milliliter of culture media, was in the range of 10°t0 1.5 x 10° cells per milliliter after S days
of culture.

Characteristics Clones®
after infection H3 He H6 H9 HI7 H31 H3S H3s
Total cell aumber (x 10%)
At 6 days 1 {5 15 03 04 03 05 1.8
At |4 days 22 73 75 10 4.7 5.0 45 3.2
Multinucieated cells (55)*
At 6 days 24" 42 N 7 13 14 30 45
At 14 days 45 48 45 30 2 5 0 6
[mmunofluorescence positive cells (%)t
At 6 days i
Rabbit anuserum to HTLV-iI 55 5% 32- 32 39 U 10 &
Patient serum (E.T.) . 6§ 29 21 ND ND ND ND T3
At |4 days "
Rabbit antiserum to HTLV-UI 50 74 6 97 T 0 20 80
Patient serum 45 47 % T 61 43 2 89
Reverse traascripase activity (x 10* cpm/miit
At 6 days 24 18 .21 41 26 14 1.7 25
At 14 days 16.2 18.1 16.1 20.2 17.1 13.4 15.1 18.2

*Cell smeéars were prepared from cultures 6 and 14 days after infection and staned with Wright-Giemsa. Cells
with more than five nucle: were considered to be muitioucieated. Cloned cells from uninfected cutures also
coatained some muitinucieated gant cells: however. the arrangement of the muitipie ouciet 18 a charactensoe
nog formaunon (see Fig. la) was
percemt).

and fixed 1o acetone for 10 munutes at room tegfu'pnm. Slides were stored at =20°C unnl use. Twenty
oucToliters of exther rabbit anuserum to HTLV-LII (diluted 1: 2000 in PBS) o serum from the pauent (E.T )
diluted 1:8 in PBS was applied to cells and incubated for 50 minutes at 37°C. The fuore
mwm:wuuwmunoﬁomﬁmdﬂumwmmwme&lucgmformmnumn
room tem . Slides were then washed exteasively before microscopic exagunations. The umnfected
parental cel line as well as the ciones were consistently negaave s these assays. ND. sot done. tVirus
parucies were precipitated from ceil-iree supernatant as follows: 0.3 mi of 44 NaCi and 3.6 ol of 30 percent
\weignt (0 volume) polyethylene glycol (Carpowax 6000) were added 1o 8 mi of harvested culture flwds and
the suspension was piaced on ice overmugnt. The suspension was cenmfuged o a Sorvaul RC-5 cestnfuge ar
2000 rev:min at 4°C for JO munutes. The precipiciie was resuspesded 1 300 wl of 50 %ﬂ!eul 1by voiume!
glyceroi (25 mM ms-HCl. pH 7.5. ¢ mM dithuothrentol. 150 m¥ KCl. and 0.025 percest Tritoa X-100), Vieus
parucles were disrupted by additioa of 100 wl o7 0.9 t Tntoa X-100 to {.5M KCl. Reverse Tanscnpase
assavs were performed as previously descnbed (/0. 28) (see comments to Fig. 2b) aod expressed (o counts per
aunute per mulliliter culture medium.
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lymphoid leukemia, was found to be
susceptible to infection with the new
cytopathic virus isolates. This cell line,
termed HT. has produced HTL V-vari-
ants in sufficient quanuries to permit the
deveiopment of specific immunoiogic re-
agents and aucleic acid probes that can
be used to characterize new isolates and
compare them with HTLV-[ and HTLV-
[I (30). These cytopathic variants differ
from HTLV-[ and -II not only in their
bioiogical effects but also in several im-
munological assays and in their morphol-
ogy (31). They nevertheless have many
properties similar to HTLV-I and -II.
For example. they are T4 lymphotropic.
they have a similar RT (30), they cross-
react with several structural proteins in
heterologous radioimmune assays with
serum trom AIDS patients and with ans-

. sera to the virus raised in amimals (7)),

and they induce syncytia. These new
HTLYV isolates are collectively designat-
ed HTLV-II, aithough it is not yet
proved that they are identical.

The cell line HT was tested for HTLV
before being infected in vitro and was
negative by all criteria including lack of
proviral sequences (32). Continuous pro-
duction of HTLV-III was obtained after
repeated exposure of parental HT cells
(3 x 10° cells pretreated with polybrene)
to concentrated culture fluids harvested
from short-term cultures of T-cells
(grown with TCGF) obtained from.pa-
tients with AIDS or pre-AIDS. The con-
centrated fluids were first shown to con-
tin particie-associated RT. When cell
proliferation declined. usually 10 to 20
days after exposure to the cuiture fluids.
the fresh (uninfected) HT cells were add-
ed to the cultures. Culture fuids from
the infected parental cell line were posi-
tive for particulate RT activity, and
about 20 percent of the infected call
population was positive in an indirect
immune fluorescent assay (IFA) in
which we used serum from a hemophilia
patient with pre-AIDS (patient E.T.).
Serum from E.T. also contained anubod-
ies to proteins of disrupted HTLV-III
(33) but did not react with proteins from
cells infected with HTLV-I or HTLV.-II.

The parental T-cell population was ex-
tensively cloned in order to select the
most permissive clones that wouid pre-
serve high rates of growth and virus
production (for example. see clones 4
and 9 in Tabie 1). A total of 51 single-cell
clones were obtained by both capulary
134) and limited dilution (35) techniques
using irradiated mononuclear ceils from
peripheral blood of a heaithy donor as a
feeder. The clones were infected with
HTLV-II by exposure to concentrated
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virus (2 x 10° cells of each clone and 0.1
ml of virus). Then cell growth and mor-
phology, expression of cellufar viral anti-
gens, and RT activity in culture fuids
were assessed 6 and 14 days after infec-
tion. Results for eight of these clones are
shown in Table 1. Although all of these
clones were susceptible o and permis-
sive for the virus, there were consider-
able differences in their ability to prolif-
erate after infection. For exampie, the
cell number decreased by 10 to 90 per-
cent from the initial cell count within 6
days after infection. The percentage of
T-cells positive for viral antigens ranged
from 10 to 80 percent. as determined by
immunoflourescence assays with serum
from patient E.T. and with antiserum
from rabbits infected repeatedly with
disrupted HTLV-III. At 14 days after
infection. the total cell number and the
proportion of HTLV-III positive celis
had increased in all eight clones. The
virus positive cultures consistently
showed a high proportion of round giant
cells containing numerous nuclei (Fig.
1a). These cells resembie those induced
by HTLV-I and -II (9) except that the
nuclei exhibit a characteristic ring forma-
tion. Electron microscopic examinations
showed that the cells released consider-
able amounts of virus (Fig. 1b).

Both virus production and cell viabili-
ty of the infected clone H4 (H&4/HTLV-
III) were monitored for several months.
Although virus production fluctuated
(Fig. 2a), culture fluids harvested at ap-
proximately l4-day intervals consistent-
ly exhibited particulate RT activity
which has been followed for over §
months. The viability of the cells ranged
from 65 to 85 percent and the doubling
time of the cell population was approxi-
mately 30 to 40 hours (data not shown).
Thus the data show that this permanent-
ly growing T-cell population can continu-
ously produce HTLV-III.

The yield of virus from H&/HTLV-III
cells was assessed by purification of con-
centrated culture fluids through a su-
crose density gradient and assays of par-
ticulate RT activity in each fraction col-
lected from the gradient. As shown in
Fig. 2b. the highest RT acuvity was
found at a density of |.16 g¢/ml. which is
similar to other retroviruses. The highest
RT activity was found in the fractjons
with the largest amount of virus. as de-
termined by electron microscopy. The
actual number of viral particles deter-
mined by this method was esumated (J6)
to be about 10'! per liter of culture fluid.

We have used clones H4 and H9 for
the long-term propagation of HTL V-[II
from pauents with AIDS and pre-AIDS.
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Fig. 2. (a) Continuous HTLV-III producuon trom H&HTLV-III in long-term culture was
charactenized by fuctuation n the amount of released virus as assessed by RT acuvity in the
culture duid (for details. see Table | and Fig. 2b). Viability of the infected celis was in the range
of 60 to 90 percent. (b) Sucrose density gradient banding of HTLV-(II showed :he highest
paruculate RT activity at a density of 1.16 gmi. A cell-free virus concentrate from a culture of
H&HTLV-I1I was layered on a 20 10.60 percent (by weight) sucrose gradient in 10 m.\f tns-HCl
(pH 7.4) containing 0. W NaCl and | mM EDTA and centnfuged overmght at 35.000 revirmun in
a Spinco SW47 rotor. Fracuons of 0.7 ml were coilected from the bottom ot the gradient and
portions were assaved for RT (@) with 1dT)« - {A), being used as the pnmer template and Mg
as the divalent cation according to the methods descnibed earier (/9. 28). Density of sucrose t x )
was deterrmuned by refractive index measurements.

more conventional methods for isolation
of HTLV (30). Some of these isolates

HTLV-III was isolated from four pa-
tients by the cocultivation method and

from one patient by cell-free infection of
these T-cell clones (Table 2). The trans-
mission was monitored by RT activity,
electron microscopic examinations and
expression of viral protein. When the H4
cells thus infected were fixed with ace-
tone and tested with rabbit antiserum to
HTLV-II and with serum from patients
E.T., the percentage of positive cells
was between § and 80 percent. HTLV-
III has also been isolated in our labora-
tory from a total of 48 patients by the

have now successfully been transmitted
to the HT clones for production and
detailed analyses.

A few T-lymphocyte retroviruses that
differed from HTLV-I and -[I but were
associated with lymphadenopathy syn-
drome were detected earlier (37, 38).
One such virus. called LAV, was report-
ed to be unrelated to HTLV-I or -1 (38).
Moreover. serum sampies from 37.5 per-
cent of patients with AIDS were found to
react with it (38). [n contrast. HTLV-{II

Table 2. isolation of HTL V-1l from patients with AIDS and pre-AIDS.

Virus expression*

Percent positive
in indirect [FA

with immune
Pa- . RT fluorescence Elec-
uent”® Pagnesia Cngn Acuvity assav ron
V(0% micro-
cpmi R::‘ Serum scopy
from
anu-
serum ET.
R.F. AlIDS (heterosexual) Hauti 0.25 80 33 ND
S.N. Hemophiliac United States 6.3 10 ND -
{lvmphadenopathy
B.X. A[DS (homosexual) United States 0.24 o 3 -
L.S. AIDS (homosexual) . Unuted States 0.13 64 19 -
W.T. Hemophiliac United States 3.2 69 ND ND
(lymphadenopathy)

*Cocultivation with Hé recipient T~ce!l cione was performed with fresh mononuclear c=ils from penonenl
blood of pauents R.F. and $.N.. respectiveiv. For patsents 8 K. and L.S. cocultivation was pertormed with T
zells grown 1o the presence of exogenous TCGF 10 percent Bv volume: for 10 davs. The muo of recipient o
dopor fpauents ! cells was |5 The muxed cultures were mantaned in RPMI 1640 medium 12ontaiming 19
Percent FCS and anubiotics) in the apsence of exogenous TCGF HY cails were ais0 infec:ed B exposing e
ceus to concentrated culture fuias narvested from T~ceil cultures of patient W T The cuitures sere grown in
the presence of exogenous TCGF for 2 aeeks before the culture duids were harvesied and :onceatrated
Cells of H9 clones were reated with polvorene (2 ug'ml) for 20 minutes and 2 < |0° zells were exposed for !
hour to 0.5 mi of 100-foid concentrated culture fduids positive for sarticulate RT activuy SHTLV-T
virus expression tn ceils infeciea bv e cocuiture and cell-free methods was assaved approumatelv | montn
after cultivation 1 vitro. Note a consideradle Juctuanon in HTLV-[II exoression. For cetans ot the RT ana
indirect immunoduorescence assavs see Taole |,
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is reiated to HTLV-I and -II (37, 39) and.
by all criteria. this new virus belongs to
the HTLYV family of retroviruses. [n ad-
dition. more than 85 percent of serum
sampies from AIDS patieats are reactive
with proteins of HTLV-{I (33). These
findings suggest that HTLV-[Iland LAYV
may be different. However. it is possibie
that this is due to insufficient character-
ization of LAV because the virus has not
yet been transminted to a permanently
growing cell line for true isolation and
therefore has beea difficuit to obtain in
quantity.

The transient expression of cytopathic
variants of HTLV in cells from AIDS
padents and the previous lack of a cell
system that could maintain growth and
still be susceptible to and permissive for
the virus represented a major obstacie in
detection. isolation. and efucidation of
the precise causative agent of AIDS. The
establishment of T-cell populations that
continuously grow and produce virus

after infection opens the way to the

routine detection of cytopathic variants
of HTLYV in AIDS patients and provides
the first opportunity for detailed immu-
nological (3/, 33) and molecular analyses
of these viruses.
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Abstract. Peripheral blood lymphocytes from patients with the acquired immuno-
deficiency syndrome (AIDS) or with signs or symptoms that frequently precede AIDS
(pre-AIDS) were grown in vitro with added T-cell growth factor and assayed for the
expression and release of human T-lvmphotropic retroviruses (HTLV). Retroviruses
belonging to the HTLV famiiy and collectively designated HTLV-III were isolated
from a total of 48 subjects including 18 of 21 patients with pre-AIDS. 3 of 4 clinically
normal mothers of juveniles with AIDS. 26 of 72 adult and juvenile patients with
AIDS, and from | of 22 normal male homosexual subjec:s. No HTLV-1l] was
detected in or isolated from | 15 normal heterosexual subjects. The numoer of HTL V-
IIl isolates reported here underestimates the true incidence of the virus since many
specimens were received in unsatisfactory condition. Other data show that serum
samples from a high proportion of AIDS patients contain antibodies 1o HTLV-[I].
Thar these new isolates are members of the HTLV family but differ from the previous
isolates known as HTLV-l and HTLV-{l is indicated bv :heir murpnoiveicul.
biological, and immunological characteristics. These results and :hose reported
elsewhere in this issue suggest that HTLV-(II may be the primary cause of AIDS

The acquired immunodeficiency syn-
drome known as AIDS was initially rec-
ognized as a separate disease entity in
1981 (/). Groups reported to be at risk
for AIDS include homosexual or bisexu-
al males (about 70 percent of reported
cases), intravenous drug users (about 17
percent of cases), Haiuan immugrants to
the United States (about § percent of
cases). Also at risk are heterosexual con-
tacts of members of the highest risk
group. hemophiliacs treated with blood
products pooled from donors. recipients
of multiple blood transfusions. and in-
fants born of parents belonging to the
tugh-nsk groups (2). AIDS is diagnosed

as a severe, unexplained. immune defi-
ciency that usually involves a reduction
in the number of helper T lymphocytes
and is accompanied by multipie opportu-
nistic infections or malignancies. A num-
ber of other clinical mamifestations.
when occurring in members ofa group at
risk for AIDS. are identified as its pro-
drome (pre-AIDS). These include unex-
plained chronic lymphadenopathy or leu-
kopenia involving a reduction in the
number of helper T iympnocytes (/. 2

The increasing incidence of :his disease.
the types of patients afected. ang other
epidemiologcal data suggest :he exis-
tence of an infectious etiologic agent that
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can be transmitted by intimate contact or

. by whole blood or separated blood com-
ponents (2). As indicated by Popovic ef
al. (3), we and others have suggested that
specific human T-lymphotropic retrovir-
uses (HTL W cause AIDS 4. 5). Many
properties of HTLV are consistent with
this idea (6). -

An association of members of the
HTLYV family with T lymphocytes from
some AIDS or pre-AIDS patients was
reported previously. For example, the
first subgroup of HTLV to be character-
ized. HTLV-I. was isolated recencly
from T cells from about 10 percent of
AIDS patients. and a virus related to
HTLV-II was isolated from one AIDS
patient (4). Another HTLYV isolate was
obtained from the lymph nodes of a
patient with |ymphadenopathy and at
risk for AIDS (7). This isoiate has been
difficuit to grow in quantities sufficient to
permit its characterization. HTLV provi-
ral DNA was detected in T lymphocytes
from two additional AIDS patients (8)
and HTLV-related antigens were found
in another two patients (4). Studies in
which disrupted HTLV-I or the purified
structural proteins (p24 or pl9) were
used to detect antibodies in serum sam-

_ples from patients with AIDS and pre-
AIDS indicated that 10 to 15 percent of
the patients had been exposed to HTLV-
I (9). Essex and his co-workers, using
HTLV-infected T-lymphocyte cultures
to detect antibody in serum samples,
found that about 35 percent of patients
with AIDS and pre-AIDS had been ex-
posed to HTLV (5). Further studies sug-
gested that at least some of the antigens
detected in this system were products of
the genome of a member of the HTLV
family (10), but it was not known wheth-
er the anubodies were specifically
against HTLV-I. HTLV-II, or a virus of
a different subgroup.

With the availability of large quantities
of HTLV-II (3), it became possible to
develop specific immunological reagents
that would facilitate its charactenzation.
HTLV-III was found to share many
properties with other HTLYV isolates (6),
but it was morphologically, biologically,
and antigenically distinguishable (3. //).
Here we describe the detecuon and iso-
laton of HTLV-III from a large number
of patients with AIDS and pre-AIDS.

For these studies we used cell culture
conditions previously developed in our
laboratory for the establishment of T
lymphocytes in culture and for the detec-
tion and isolation of HTLV-[ and HTLV-
II from leukemic donors (/2). Evidence
for the presence of HTLV-III included:
(i) viral reverse transcriptase (RT) activi-
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ty (/2) in supernatent fluids: (ii) trans-
mission of virus by cocultuning T cells
with irradiated donor cells or with cell-
free fAuids (3. /: (iii) observation of
virus by elecon microscopy (/2. [J):
and (iv) the expression of viral anugens
in indirect immunofiuorescence assays
using serum from a patient positive for
antibodies to HTL V-III as described (5,
{]), or antisera prepared against puri-
fied. whole disrupted HTLV.II (1/).
Cells and supernatant fluids were also

monitored for the expression of HTLV-{
and HTLV-II by using anuibodies to the
viral structural proteins pl9 and p23$ and
by indirect immunofluorescence and ra-
dioimmunoprecipitation procedures (/<).

As summanzed in Table 1. we found
HTLV-QI in 18 of 2! samples from pa-
tients with pre-AIDS. from three of four
clinically normal mothers of juvenile

Fig. 1. Reverse tran-
scriptase activity
from lymphocytes es-
tablished in cell cul-
ture from a patient
with pre-AIDS. Vis-
ble cell aumber and
Mg"~-dependent RT
acuvity were deter-
cuned by estwablished
procedures (/3). Sym-
bols: O, wviable cell
pumber in 1.5 ml of
gowth medium: @,
RT in 5 wl of fivefoid
concentrated condi-
tioned medium sam-

Viable call sumbes (o 10°8) o—o
8

-
o
2

pled at the indicated .
time. A sudden vert- 1
cal drop in the dashed -

'] 0 L
Time In cultwe (dsya)

curve indicates the time of subcuituring of cells to the indicated cell number. Arrow indicates
the time of addition of rabbit antiserum to a-interferon to a portion of the cultured cells (also see

legend to Tabie 1).

Fig. 2. Transmussion electron
micrographs of fixed. sec-
tioned lymphocytes from a pa-
tent with. pre-AIDS. (A)
x10.000 x: (B) %30.000 x: (C
and D) x 100.000 x.
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AIDS patients. three of eight juvenile
AIDS patients. 13 of 43 of adult AIDS
patients with Kaposi's sarcoma. and 10
of 21 adult AIDS patients with opportu-
nisuc infections. Virus was detected in
only one of 22 sampies from clinically
normal. nonpromiscuous homosexual
males believed to be at only moderate
risk for AIDS. It is interesting, however,
that 6 months after these tests were
conducted the one positive normal ho-
mosexual subject developed AIDS. Inno
instance, 0 of 115, was virus detected in
or isolated from cells of the normal voi-
unteers. Samples from 1§ of these were
tested under rigorously controlled condi-
dons. which included addition of anti-
body to a-interferon.

Primary cells from patients usually
produce virus for 2 to 3 weeks (Fig. [).
-After this time the production of virus
declines even though the culture may
contain actively replicating cells that can
be maintained for long periods in the
presence of added T-cell growth factor
(TCGF). In some instances virus release
can be reinitiated by the addition of
antbody to a-interferon (Fig. 1). The
HTLV-[I-producing cell cultures were
characterized by established immunolog-
ical procedures (/3). They were predom-
inandy T lymphocytes (E rosette recep-
tor-positive, OKT3™ and Leul™) with a

helper-inducer (T4) phenotype (OKT<"
and Leu3™).

The fairly uniform morphological ap-
pearance of HTLV-[II is shown in Fig. 2.
The diameter of the virus is 100 to 120
nm. and it is produced in high numbers
from infected cells by budding from the
cell membrane. A possibly unique fea-
ture of this virus is the cylindrical shaped
core observed in many mature virions.

The incidence of virus isolation report-
ed here probably underestimates its true
incidence since many tissue specimens
were not received or handled under what
we now recognize as optimal conditions
(15). This is particulfarly so for the sam-
ples received from late-stage AIDS pa-
tients. Such samples usuaily contain
many dying cells and very few viable T4
lymphocytes. However. a high propor-
tion of patients with AIDS and pre-AIDS
have circufaung antibody to HTLV-II
un.

The HTLV-III produced by cultured T
cells from patients with AIDS and pre-
AIDS is highly infectious and can be
readily transmitted to fresh umbilical
cord blood and adult peripheral biood or
bone marrow lymphocytes. The produc-
tion of HTLV-III by these cells is tran-
sient, often declining to undetectable
levels by 2 to 3 weeks after infection
(data not shown). The transmission of

Table 1. Detection and isolation of HTLV-III from patients with AIDS and pre-AlIDS.
Peripheral blood leukocytes were banded in Ficoll-Hypaque. incubated in growth medium
(RPMI-1640, 20 percent fetal bovine serum. and 0.29 mg of glutarmune per milliliter) containing
phytohemagglutinin (PHA-P; 5 ug/ml) for 48 hours at 37°C in a S percent CO, atmosphere. They
were then refed with growth medium containing 10 percent purified T-cell growth factor
(TCGF). Cells and conditioned media from these lymphocytes were assayed for the presence of
HTLV-III. Samples exhibitng more than one of the following were considered posiuve:
repeated detection of a Mg*~-dependent reverse transcriptase activity in supernatant fluids:
virus observed by electron microscopy: intracellular expression of virus-related anugens
detected with antibodies from seropositive donors or with rabbit antiserum to HTLV-III: or
transmission of particles. detected by RT assays or by electron microscopic observation. to
fresh human cord biood. bone marrow. or peripheral blood T-lymphocytes. All isolates are
distinguishable from HTLV-I or HTLV-II by several criteria and are classified as HTLV-[Il on
the basis of surular morphoiogical features observed by eiectron microscopy (Fig. [): simular
sytopathuc edects (J): anugenic cross-reactivity (//): and aucleic acid analysis (/6).

Number
X sis® positive Num- Percent
Diagno; for wares posiuve
HTLV-II 3L
Pre-AIDS 18 2 85.7
Clinically normal mothers of juvenile 3 4 75.0
AIDS patients .
Juvenile AIDS 3 8 37.8
Adult AIDS with Kapos: sarcoma 13 43 30.2
Adult AIDS with opportunisuc infections 10 k3| 47.6
Clirucally normal homosexual donors 1 n 4.5
Clinically normal heterosexual donors 0 s 0

*With the excepuon of the normal heterosexual donors and some of the cliaically normai mothers of juvenie
AIDS cauents. all others delong 0 one of the groups of peopie idennfied as deing at nsk for AIDS
thomosexual males. :ntravenous drug users. Haras immugrants. heterosexual sontacts of memoers of a
Froup at nsk. hemopnuliacs trested with pooled biood products, recipients of multipie dlood transfusions. and
mnfants dom of parents belongng (0 other grouds at nsk. Pre-AIDS inciudes panents with unexplaned
chromc lymoh hy and leuk #ith an inverted T4 (hetpery/T8 (suppressor) lymprocyvie rauo.
The clnicailv normal. nonpromiscuous. Yomosexual supjects are from Wastungron. D C.. and are bebeved 10
be at moderate nsk. The chiucaliv normas heterosexual donors inciude both male and female subjects
oelieved not 1o de at nsk tor AIDS.

502

HTLV-III to an established T-cell line
(J). however, now makes possibie its
production in large quanuties tor de-
tailed analyses and tor development of
reagents for its detectuon «J. //).

That the viruses we have named
HTLV-III belong to the HTLV family 1s
indicated by their T cell tropism. Mg*"-
dependent RT of high molecular weignt.
antigenic cross-reactivity with HTLV-[
and -II (/D). cytopathic effects on T
lymphocytes (J). and their morphologi-
cal appearance in the electron micro-
scope. HTLV-III aiso contains some
structural proteins simular in size to
those of other members of the HTLV
family (11).

These studies of HTLV-III isolates
from patients with AIDS and pre-AIDS
and from some heaithy individuais at nsk
for AIDS provide strong evidence of 2
causative nvolvement of the virus in
AIDS.
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Serological Analysis of a Subgroup of Human T-Lymphotropic
Retroviruses (HTLV-III) Associated with AIDS

Abstract. The two main subgroups of the family of human T-lymphotropic
retroviruses (HTLV) that have previously been characterized are known as HTLV-I
and HTLV-II. Both are associated with certain human leukemias and lymphomas.
Cell surface antigens (p6! and p65) encoded by HTLV-I are Sfrequently recognized, at
low titers, by antibodies in the serum of patients with acquired immuno deficiency
syndrome (AIDS) or with signs or symptoms that precede AIDS (pre-AIDS). This
suggests an involvement of HTLV in these disorders. Another subgroup of HTLV,
designated HTLV-III, has now been isolated from\many patients with AIDS and pre-
AIDS. In the swudies described in this report, virus-associated antigens in T-cell
clones permanently producing HTLV-[II were subjected to biochemical and immu-
nological analyses. Antigens of HTLV-lIl, specifically detected by antibodies in
serum from AIDS or pre-AIDS patients and revealed by the Western blot technique.
are similar in size to those found in other subgroups of HTLV. They include at least
three serologically unrelated antigenic groups. one of which is associated with
group-specific antigens (p55 and p24) and another with envelope-related (p63)
proteins, while the antigens in the third group are of unknown affiliation. The data
show that HTLV-IIl is clearly distinguishable from HTLV-I and HTLV-II but is also
significantly related to both viruses. HTLV-III is thus a true member of the HTLY

Sfamiiy.

Members of the family of human lym-
photropic retroviruses (HTLV) have the
following features in common: a pro-
nounced tropism for OKT4™ lympho-
cytes (/), a reverse transcriptase (RT)
with a-high molecular weight (100.000)
and a preference for Mg~ as the divalent
cation for optimal enzymatic activity (2,
J). and the capacity to inhibit T cell
function (4) or. in some cases, kill T cells
(5). Many HTLYV also have the capacity
to transform infected T-cells (/). The two
major subgroups that have been charac-
terized (6) are HTLV-I, which is caus-
atively linked to certain aduit T-ceil ma-
lignancies (7), and HTL V-II, which was
first idenufied in a patient with hairy cell
leukemua (8).

4 MAY 1984

Viruses of the HTLV family have been
detected in some patients with the ac-
quired immuno deficiency syndrome
(AIDS) (9) or with pre-AIDS. a condition
frequently progressing to AIDS (/0). A
high proportion of patients with AIDS or
pre-AIDS, as well as a sigmificant aum-
ber of hemophiliacs. have antibodies in
their serum that recognize a ceil surface
glycoprotein (gp61) that is present on
certain human T cells infected with
HTLV-I (11). Gpé! and p65. a slightly
larger protein that is a homoiog of gpé|
and occurs 1n another cell line producing
HTLV-I, were subsequently shown to be
related to the HTLV viral glvcoprotein
(12, 13). Studies of blood transfusion
recipients who later developed AIDS

and of their biood donors have revealed
the presence. in the blood of the donors.
of antibodies to a retrovirus of the
HTLV family (/4). These findings sug-
gest an involvement of viruses of :he
HTLV famuly in the cause of AIDS and
pre-AIDS. An involvement of HTLV-{
alone appeared doubtful. however. be-
cause antibody titers to gpét of HTLV-[

in these patients are generally very low.

and antibodies to the structural proteins
of HTLV, notably p24 and p19 (/5. are
not detectable in most AIDS patients
(16). Instead. it seemed likely that anoth-
er member of the HTLV family might be
involved in the etiology of AIDS. Here
we describe our studies of a group of
cytopathic viruses (collectively designat-
ed HTLV-IID isolated from patients with
AIDS or pre-AIDS. Isolation of these
viruses was achieved bv means of 2
novel system permitung the continuous
growth of T<cell clones infected with the
cytopathic types of HTLV found in these
disorders (/7). We show that antigens
associated with human cells infected by
HTLV-III are specifically recognized by
antibodies in serum from AIDS and pre-
AIDS patients, and present a preliminary
biochemical and immunological analysis
of these antigens.

Lysates of two immortalized and in-
fected human T-cell clones. HW/HTLV-
III and HI17/HTLV-III (17), were tested
with samples of human serum in a strip
radioimmunoassay (RIA) based on the
Western biot technique (/8). The sera
were from patients with AIDS or pre-

. AIDS. from contacts of such patients.

and from homo- or heterosexual male
controls. Sera from the same patients
were also tested by the enzyme-linked
immunosorbent assay (ELISA) with pu-
rified HTLV-III as part of a larger. sys-
temauc serolog@ic study of the prevalence
of anubodies to HTLV-III in AIDS and
pre-AIDS patents (/9).

Representative resuits are shown in
Fig. 1. Sera from patients with AIDS or
pre-AIDS. and from some homosexuals
and heroin-addicts. recognized a number
of specific antigens not detected by sera
from heterosexual subjects. The most
prominent reactions were with anugens
of the following molecular wegnts:
65.000. 60.000. 355.000. 41.000. and
24.000. Antigens with molecular weights
of approximately 88.000. 30.000. 39.000.
32.000. 28.000. and 21.000 gave less
prominent reactions. The reaction with
the anugen of $5.000 (p3%) only occurred
in sera that also recogmzed p24. suggest-
ing a relation between the two.

The specificity of these reactions was
studied by companng lysates of H¥/

RV
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Fig. 1. Serologic detection of antigeas in HTL V-III producer cell clones. Strip RLA were performed with human serum as descnibed eisewhere in
detail (2/). Briefly, lysates of HTL V-III producer cell clones were subjected to electrophoresis under reducing conditions on preparauve sodium
dodecyl sulfate (SDS)-poiyacrylamide slab gels. and electroblorted to nitroceliulose sheets (/8). The sheets were cut into strips. These were
incubated with human serum diluted 1:100. After three thorough washings..bound antibodies of immunoglobulin G (IgG) and immunoglobulin M
(IgM) classes were made visible with radiolabeled, affinity-purified gost anuserum to human [gG and (gM (H-chain specific! and autoradiogra-
phy. (A) Analysis with H&HTLV-III cells. (Lanes a. d. and g) U.S. patients with AIDS: (lane b) a French heterosexual male who developed
AIDS after receiving a blood transtusion in Haiti (24): (lane ¢) an AIDS panent from Switzgriand: (lane e a normal heterosexuai control: (lane D a
French pre-AIDS patient (24); (lane h) a Swiss heterosexual drug addict: (lane i) a normal homosexual controi. {B) Analysis with HIT/HTLV-1II
cells. (Lane a) An infant with AIDS whose mother is a prostitute: sera from both are highly positive for anubodies to the HTLV membrane
antigen (//, 29 and in our ELISA with disrupted HTLV-III (19); (lane b) same serum as in (A), lane d: (lane c) normal heterosexual control: (lane
d) another Swiss AIDS patient; (lane ¢) a Swiss heterosexual male intravenous drug abuser with generalized lymphadenopathy and
thrombocytopenic purpura (pre-AIDS).  Fig. 2. (A) Specificity of the antigens recognized. Lysates of cloned cells before and after infection
with HTLV-[II were analyzed by the Western blot techaique (/8) with a |: 500 dilution of the serum shown in Fig. |B. lane e. (Lane a) The H17
clone before and (lane b) the same cione after infection (H17/HTLV-LI); (lane ¢) the H4 clone before and (lane d) the same clone after infection
(H4HTLV-III). All reactive antigens are virus-reiated with the exception of that with a molecular weight of 80,000 in H17 cells: this antigen binds
antibodies from all human sera investigated. Normal human serum did not bind to any of the virus-related bands (not shown). (B) Comparison of
antigens in (Iages a) cells and (lanes b) virus. Lysates of H&/HTLV-III (250 ug per lane) or virus purified from the cell cuiture fluids (/9) (S pg per
lane) were analyzed with 1: 500 dilutions of human sera. (Panel ) Same serum as in Fig. 2A; (panel II) serum of a Swiss male homosexual with fa-
tigue and generalized lympheadenopathy (pre-AIDS); (panel III) serum from same AIDS patient as in Fig. |B, lane d. Anumgenwuha 110.000
and p4l. p39, and p24 are enriched in the virus preparation (ses (20)]. The serum in pane LI recognized a subset of the antigens recognized by the
sera used in panels [ and II.
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Fig. 3. Relation between HTLV-II and
HTLV-II. Serum of an AIDS patient at a
dilunon of 1:500 was tested in a competuon
RIA on strips (20) prepared with H&/HTLV-
{II cells. (Lane a) The human serum was
added directly to the strip (uncompeted con- P
trol): (lanes b to e) the serum was first ab- /TP WS . "A\oo Am
sorbed for 3 hours at 37°C with | mg of J
cellular extract. [ (b) the absorption was with
uninfected H4 cells (not producing virus): in  Fig. 4. Electron microscopy of thin sections of cells producing HTLYV-I. -1I. and -{II. : Too!
{c) the absorpuon was with H&HTLV-III HVT 102 ceils producing HTLV-1 (2). (Middle) Cells {rom an AIDS pauient 1J.P.) producing
cells producing HTLV-III (posiuve controf):  HTLV-II i24). (Bottom) Cells from a pauent [descnibed :n 12| with pre-AIDS. producing
in (d) the absorption was with C3/44 ceils (26)  HTLV-IIL. iPaneis a) Virus parucies budding from the cell membrane. (Paneis b1 Free sarucies
producing HTL V-1 in () the absorption was  have separated from the membrane. (Paneis ¢) Free parucles sectioned in a dufereat plane.
with HUT 102 cells producing HTLV-I (2). Note the dense. cylindncal core region of HTLV-III.
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" ATLV-III and HIZHTLV-UI with ly-
sates of the same ceil clones. H4 and
H17, before viral infection (Fig. 2A). No
antigen from the uninfected clones react-
ed with the sera. with the exception of
procen with a motecular weight of 80.000
in H17 whicn bound anubodies from ail
of the human serum samples tested (see
Fig. 1B) but not from rabbit or goat
serum. Antgens newly expressed after
viral infection and recognized by the
buman serum used for this analysis in-
cluded p6S. p53. p4l. p39. p32, and p24.
A large protein with a molecular weight
of approximately 130.000 and a protein
of 48,000 were aiso detected. With this
serum, pS5 coasistendy appeared as a
doublet of bands of similar intensity.
With normal human serum. none of the
antigens was detected (not shownm).
These results show clearly thar the anti-
geas detected after virus infection are
either virus-coded proteins or cellular
antigens specifically induced by the in-
fection. .

The antigens of H&HTLV-II were

also compared with antigens from virus®

purified from the culture fluids of H4/
HTLV-0I (Fig. 2B). Extensive accumu-
Iation of p24 and p41 [see (20)] occurred
in the virus preparation (Fig. 2B, panels I
and II). Protein stains showed that these
molecules are the major components of
the virus preparation (/9). P24 and p4l
may therefore be considered viral struc-
tural proteins. Furthermore, an antigen
with a molecular weight of approximate-
ly 110.000 was detected in the virus
preparation but was below limit of detec-
tion in the cells. Also. p39 [see (20)] was
present in the virus preparation. It s
interesting that p24 in the virus prepara-
tion coasistently appeared as a doublet
(p24/p23), whereas in the cells it ap-
peared as p24 alone. The significance of
this is under investigation. PSS was not
detected in the virus; however. the inten-
sity of the p35 band in the cells (Fig. 2B,
lanes a) appeared to correlate with the
intensity of p24/p23 in the virus prepara-
tion (Fig. 2B, lanes b), thus again sug-
gesting a reiation between these anti-
gens. The pS5 is probably a precursor of
p24. since a group-specific antigen of
similar size (Pr 54#°%) in HTL V-I-infect-
ed cells is the precursor of p24 and the
other gag-coded proteins (2/). Occasion-
ally an additional set of antigens was
recogmzed by a serum (Fig. 2B, Panel
111) but their relation to the antigens
described above is unciear.

Thus we have shown that viral or
virus-induced antigens in cloned human
T cells infected with HTLV-III are spe-
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cifically recognized by antibodies in the
serum of patients with AIDS or pre-
AIDS. The detection of p6S5 by many of
the serum samples is of special interest.
We have tested these sera on stnps pre-
pared from lysates of celis producing
HTLV-[ or -[I. Some of these :eils pro-
duce a p65 that has been shown (/3) to be
coded for by the eav gene of HILV-I
and to be the homolog of the gpél de-
scribed by others (17, /2). Many of the
sera recognizing pé6S in HTLV-[ll-in-
fected ceils aiso recognized. though
somewhat faintly, péS in ceils producing
HTLV-I or -U, and some of them also
recognized gag-related antigens (data
not shown). In addition. the reaction of
some human sera with virus-related anti-
gens of HTLV-[II-infected cells could
be partially inhibited by large amounts of
extracts of cells producing HTLV-II
(Fig. 3). When a human serum not recog-
nizing p6S was used, the antigens for
which there was competition included
pSS. p48, pdl, p39, and p24. These re-
sults were confirmed by the demonstra-
tion that a rabbit antiserum raised
against purified HTLV-III showed some
reactivity with antigens of HTLV-II and,
1o a lesser extent, with HTLV-I. In con-
trast, antiserum to HTLV-II recognized
both HTLV-I and -[I antigens, and an
antiserum to HTLV-I reacted well with
HTLV-II, but only faintly with HTLV-
III (22). Moreover, nucleotide sequences
of HTLV-III have been found to be
related to HTL V-] and -II (23). Although
the morphology of HTLV-III particles
appears to be somewhat different from
the morphology of HTLV-I and -II (Fig.
4). and although some differences are
also found in the protein patterns of
purified virus preparations (/9), these
immunological and nucleic acid data
clearly indicate that HTLV-UI is a true
member of the HTLV family and that it
is more closely related 1o HTLV-II than
to HTLV-L
JORG SCHUPBACH
MixuLas Porovic
Laboratory of Tumor Cell Biology,
Narional Cancer Institute,
Bethesda, Maryland 20205
RaYMOND V. GILDEN
MATTHEW A. GonD
Program Resources, Inc. )
NCI-Frederick Cancer Research
Facility, Frederick, Maryland 21701
M. G. SARNGADHARAN
Department of Cell Biology.
Litton Bionetics. Inc.,
Kensington. Marviand 20895
RoBeRrT C. GaLLo
Laboratory of Tumor Cell Biology,
National Cancer Insuture.
Bethesda, Maryland 20205

Referencms ang Netm

. M. Popovic. P S. Sann. M Robe. -Gurod. V
S. Kalvanaraman D Maan, ; Minuwadga, R. C.
Gallo. Science 219, 356 (1983, p. O Markham,
3. Z. Saianueain. V5. Kalvanaraman, M.
Popovic. P Sann R C Galis. /nr. J Cuncer
J1. 213 (1983): S Z Satanvoain. P D. Marx.
ham. F \Von&Sun.. G. Francumi. V S, Kae
IW. . 2. Galle. Vienogy 129. 5|

1 .

B. J. Poiess, €. W Ruscemi. A. F. Gazdar. .
A. Bunn. J. 0. Minna. R. C. Gallo. Proc. .Vasl,
- Acad. Sci. U.3.A. T7. 7415 (1980).

. H. M. Rho. 2 Poresz. F. W. Ruscern. R. C.
Galio. Virology 112. 355 (1981); M. Seiks, S.
Harton. Y. H.:ayama. M. Yoshuda. Proc. Vait,

Acad. Sci. U.S.A. 88, 3618 (1983).

1+

4. M. Popovic et ai.. in 1on.
5. H. Mitsuya. H. G. Guo. M. Megson. C. O
Trunor. M, S. Reitz, S. Broder. Science 223,

1393 11984),

6. For 2 bnef review. see M. G. Samgadharan er
al.. 18 Human Carcinogenesss. C. C. Hams and
H. H. Autrup. Eds. (Acadermic Press. New
zork. IK:!) e, 879, M. G. Sarm

. V. 8. yansraman, M. G. gadharan, Y.
Nakao. Y. [to- T. Aoki. R. C. Gallo. Proc. Varl.
Acad. Sci. U.5.A. 79. 1653 (1982): M. Roben-
Gurod er al.. Science 215. 925 11982): Y. Hin.
ums er al.. Iat. J. Cancer 29. 531 (1982):: W 4.
Blartner er al.. tbed. 30. 167 (1982): J. Schuo-
bach. V. 3. Kalvanaaman. M. G. Samgaa.
haran, Y. Nakao. R. C. Gallo. :4d. 32. :8)
11983): J. Schuiposch. V 5. Kaiyanaraman. M.
G . W. A, Blanner, R. C. Gallo.

836 (l”lﬂ)i : T i
e yanaraman er al.. Science 218, §71

(1982); E. P. Celmann er al.. Proc. Nail. Acad.

i. U.S.A. 81, 993 (1984).

R. C. Gallo e1 al.. Science 220. 865 (1983); E. P.

ef ai., ibid.. p. 862.

i i et al., ibid.. p. 868.

al., ibid.. p. 859; g(. Essex et al.,

1 (1983).

al.. Proc. Narl. Acad. Sci. USA..

Cancer Res. 4.
V. S. Kal

g

:

e
-
-

k.
iof
g

GE -

e, in
W. Jaffe er al.. Science 2. 1309 (1984).
S. Kalyamsraman. M. G. Sam,

pr<m
¢

Kh
5'0

2

<

£

. Jarvis-Morar, M. G.
Gallo, Virology 132. 61 (1984),
M. Robert-Guroff er al.. in Cancer Cells. Vol. J:
Human T-Cell Leukemia Viruses. R. C. Gallo
and M. Essex. Eds. (Cold Spnng Harbor Labo-
raory. Cold Spnng Harbor. New York. in

$).

17 g.“?o_oovic. M. G. Samgadharan. E. Read. R.
C. Gallo. Science 223, 197 { 1984).

18. H. Towbin. T. Staehelin. J. Gordon. Proc. Nail.
Acad. Sei. U'.5.A. 76. 4350 (19791

19. M. G. Sammgadhanan. M. Popovic. L. 3ruch. J
s%l;libmh. R. C. Gallo. Science 224. 506
11984,

20. Although in Fig. 28 the psl 1n the virus pregara-
(1on appears 0 be larger than the p<1 in cells.
the two molecules are of’ the same size. Dunng
application of the lysates :0 the ger in another
expenment. 3 small amount or csifular 1vsate
~as soilled 1ato the neighbonng ianes ang :ne
<eilular psl moved witn tne same vejocity as the
viral p41. A connecting bana was :nus ‘ormed
berween the ps! i the lane contaiming (ne zeils
and the p4l 1n the lane with the virus. The same
situation occurred with p39 1n cells and virus.

1. J. Schupbach. V. S. Kalvanaraman. M. G. Sarmn-

. R. C. Gallo. n preparation.

2. M. G. Samgadharan er al.. in preparation.

23. S. Arva et al.. 1n preparation.

2¢. J. B. Brunet er al.. Lancer 1983-1. 700 (19831,

5. M. Essex, personal communcation.

26. M. Popovic. V. S. Kalvanaraman. D. L. Mann.
E. Richardson. P. 5. Sann. R. C. Gallo. n
Cancer Ceils. Vol. J: Human T-Ceil Leusema
Viruses. R. C. Gallo and M. Essex. Eds. iCuid
Spnn‘,ﬂubor Laborstory, Coid Spnng Harpor.
New York. in press).

27. R. C. Gallo er al.. Science 124, 300 (1984)

28. We thank S. Ahmat for techrucal assistance and
R. Luthy and M. Vogr. Dwvision of [nfectious
Diseases. Department of Meaicine. Lmiversity
Hospital. Zunch. and O. Haller. !nsutute ‘or
Immunology and Virology. Lmversity of Za-
ach. Zunca. Switzerfand. lor maxing some sera
from AIDS and pre-AIDS oatients avauadle and
for providing clnical informaton. J 3. is a Fo-
gany [ntermauonal Fellow of the Natonal Can-
ser [asucute.

k4

30 March 1984: accepted 19 Apni 1984

o8

DHSC0000457_0009

EMBARGOED

Hold for RPoloace-

2:00 p.m. concurrent with the Department of Health

APD 21 1904 & Human Services Press Conferer_nce




Autibodies Reactive with ﬁhiﬂan T-Lymphotropic
Retroviruses (HTLV-IID in the Serum of Patients with AIDS

Abstract. /n cars. infection with T-lvmphotropic retroviruses can cause T-cell
proliferation and leukemia or T-cell depietion and immunosuppression. [n humans.
some nignly T4 tropic retroviruses called HTLV-{ can cause T-cell proliferation and
leukemia. The subgroup HTLV-II also induces T-cell proliferation in vitro. but its
role in disease is unclear. Viruses of a third subgroup of human T-lymphotropic
retroviruses. collectively designated HTLV-lIl. have been isolated from cultured
cells of 48 patients with acquired immunodeficiency syndrome (AIDS). The biologi-
cal properties of HTLV-[II and immunological analyses of its proteins show that this
virus is a member of the HTLV family and that it is more closely related to HTLV-{I
than to HTLV-{. Serum samples from 88 percent of patients with AIDS and from 79
percent of homosexual men with signs and svmptoms that frequently precede AIDS,
but from less than | percent of heterosexual subjects. have antibodies reactive
against antigens of HTLV-lIl. The major immune reactivity appears to be directed

against pdl, the presumed envelope antigen of the virus.

The incidence of the acquired
immunodeficiency syndrome 'AIDS) in
homosexual men with muitiple sexual
partners. intravenous drug abusers. he-
mophiliacs. blood transfusion recipients.
and close heterosexual contacts of mem-
bers of these high-risk groups (/-7)
strongly suggests that the disease
spreads by the transmission of an infec-
tious agent (8, 9). The agent's primary
targets within the body appear to be
specific subpopulations of T cells. The
severe immune deficiency of AIDS pa-
tients results from an unusually low pro-
portion of helper T Ilymphocytes
(OKT4") and a resulting lack of many

helper functions. including production of
antibodies by B cells (/. ).

Regovirus infections are known to
lead to depressed immune functions in
animal systems. For example. in cats. a
major result of infection with feline leu-
kemia virus (FeLV) is loss of normal
immune function. More FeLV-infected
cats die from consequences of this im-
mune dysfunction than from the leuke-
mia itself (/0). FeLV provides an exam-
ple of a single T-cell tropic retrovirus
that causes both target cell proliferation
(leukemia) and depletion (immunosup-
pression). By analogy, a human retrovi-
rus with a tropism for T cells should be

Table 1. Antibodies to HTLV-III in serum samples from patients with AIDS and pre-AIDS and
from controi subjects: Wells of 96-well Immulon plates were coated overmught with a lysate of
density-banded HTLV-III (J0) at 0.5 ug protein per well in 100 ul 50 mM sodium bicarbonate
buffer. pH 9.6. The wells were washed with water and incubated for 20 minutes with 100 wl of §
percent bovine serum albumin in phosphate buffered saline (PBS). The wells were washed again
in water. and then 100 ul of 20 percent normal goat serum in PBS were added (o each well.
followed by 5 or 10 ul of the test sera. These were allowed to react for 2 hours at room
temperature. The wells were washed three times with 0.5 percent Tween-20 in PBS and
incubated for | hour at room temperature with peroxidase-labeled goat antiserum to human
immunoglobulin G at a dilution of 1: 2000 in | percent normal goat serum in PBS. The wells were
successively washed four imes with 0.05 percent Tween-20 in PBS and Tour times with PBS and
reacted with 100 wl of the substrate mixture containing 0.05 percent orthoohenviene diamine
and 0.005 percent hvdrogen peroxide in phosphate-citrate buffer. 2H 5.0. The reactions were

stopped by the addinon of 50 wl of <V H.SO.. and the color yield was measured with a
Dynatech ELISA reader. Assays were done n duplicate and absorbance reading greater than
three times the average of four normal negative control readings was taken as positive.
Number positive
Subjects for antibodies ~ Tumber  Percent
w HTLV-II R fGa i
Patients with A[DS . 43 49 87.8
Patients with pre-AIDS 1 4 786
Intravenous drug users 3 s 60
Homosexual men 6 17
Sexual contact of AIDS pauent i |
Persistent fatigue 1 1
Other 4 15 26.6
Other controls I 186 0.5
Normal subjects 1 164 0.6
Padents with hepautis B virus infection ] 3
Pauent with rheumatowd arthritis 0 1
Pauents with systemuc lupus ervthematosus 0 5
Pauents with acute mononucieosis 0 4
Pauents with lymphatic leukemias 0 3
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considered a serious candidate in the
etiology of human AIDS. Two subgroups
of a family of human T-lymphotropic
retroviruses (HTLV) have been isolated
and characterized (//). The first, HTLV-
[. was isolated from a black Amencan
with an aggressive form of T-cell lym-
phoma (/2) and has been enologicaily

.linked to the pathogenesis of adult T-cell

leukemia-lymphoma (ATL) (/3=/5). In-
fection with HTLV-I in vitro can aiter T-
cell funcdon (/6) and. in some cases.
lead to T-cell death (/7). HTLV-Il was
isolated from a patient with a T-sell
variant of hairy cell leukemia /8).

Although there are distinct differences
between HTLV-l and HTLV-II. they
have the following common features: a
tropism for OKT4" lymphocytes ({9): a
Mg “-dependent reverse transcriptase
(RT) of high molecular weight (100.000)
120): some antigenic cross-reactivity in
their proteins (/8): a novel set of nucieo-
tide sequences called pX at the 3’ end of
the viral genome:; a limited amount of
nucleic acid homology in their genomes
(21): and similar morphology. Both
HTLV-I and HTLV-II have been isolat-
ed from cultured T cells of patients with
AIDS (22, 23). Another retrovirus was
isolated from a homosexual patient with
chronic generalized lymphadenopathy
(24), a syndrome that often precedes
AIDS and is therefore referred to as pre-
AIDS. Proviral DNA of HTLV-l was
detected in the cellular DNA of two
AIDS patients (25), and serum samples
from some patients were shown to react
with antigens of HTLV-[ (26). A larger
proportion of the sera reacted with a cell
membrane antigen specific 10 HTLV-I-
infected cells (27). This antigen has since
been identified as a precursor of the
envelope glvcoprotein. gp46. of HTLV-[
(28. 29). However. the correiation be-
tween AIDS and serum antibodies to
HTLV-I protern tinciuding tne seil mem-
brane anngen. p6l) is weak.

These results are consistent with the
idea that the primary cause of AIDS is
another member of the HTLV familv
with limited cross-reactivities with the
known HTLYV subgroups. Sera with high
titers of antibodies to the AIDS-specific
virus might show a detectable reaction
with antigens of HTLV-[ and HTLV-IIL.
whereas the reaction of sera with low
titers might be too weak to recognize in
such a cross-reactive svstem. Our at-
tempts to isolate other retroviruses from
AIDS patients resulted in the identifica-
tion of a number of HTLV isolates that
are simuar to each other but are Jisun-
guishable from HTLV-[ and HTLV-II.
These new isolates are designated
HTLV-III and are descnibed in the ac-
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‘w-«Apanying reports (30-32). Here we
describe the use of HTLV-II] in an im-
. munological screening of serum samples
- from patients with AIDS and pre-AIDS
and from individuals at increased risk for
AIDS.

The virus was purified from superna-
tants of cell cuitures supporting the con-
tinuous production of HTLV-III (30).
The virus showed a difference in the
makeup of its protein components as
revealed by sodium dodecyl sulfate
(SDS)=polyacrylamide gel electrophore-
sis of a sucrose density banded prepara-
tion (Fig. 1. lane 2). Like HTLV-I (lane
), and unlike common mammalian re-
troviruses (for example. Rauscher mu-
rine leukemia virus. lane 3), HTLV-I
(lane 2) has a major group-specific anti-
gen (gag protein) with a molecular
weight of 24.000 (p24). [t has an RT with
a molecuiar weight of about 100.000.
another protein with a molecular weight
of 41.000 (presumably the envelope gly-
coprotein), and shows a tropism for
OKT4" lymphocytes. However, it facks
the band separating at a molecular
weight of 19,000 (p19). Instead, it has a
smaller band that is missing in HTLV-I.
Immunological studies presented in an
accompanying report (32) also indicate
that HTLV-0I is antigenically different
from HTLV-I and -II, but that it also
shares a variety of antigenic determi-

1 2 3 3
- -940
\‘ -88.0
, - 459
- 6 -
-
- -28.8
- L
-
- eeses <R SR = -140

Fig. 1. Comparison of the SDS-polyacrviam-
ide gel profle of HTLV-III with profiles of
HTLV-I and Rauscher munne leukemia virus
(R-MuLV). Lane {. HTLV-I: lane 2. HTLV-
[1I: lane 3. R-MuLV: lane 4. molecular weight
standards: phosphorviase b (94.000). bovine
derum albumin (68.000). ovalbumin (45.000).
chymotrvpsinogen 125.500). and lvsozyme
(14.000).
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nants with them. especially with HTLV-
II. This relatedness has also been con-
firmed by companson of nucleotide se-
quences of the three types of HTLV (33).

Serum samples were obtained from
patients with clinically dJocumented
AIDS, Kaposi's sarcoma. sexual con-
tacts of AIDS patients. intravenous drug
abusers, homosexual men. and hetero-
sexual subjects. These sera were tested
for their reactivity to HTLV-III by
means of the enzyme-linked immunosor-
bent assay (ELISA) (34). Lysates of su-
crose density banded HTLV-III were
coated on 96-well microtiter plates. The
test sera were diluted with normal goat
serum. added to the wells. and allowed
to react for 2 hours or overnight at room
temperature. The primary immune com-
plex formed with the antibodies in the
human sera was detected by adding per-
oxidase-labeled goat antiserum to human
immunoglobulins and assaying for a col-
ored peroxidase reaction product (34).
The results are presented in Table 1. Of
49 clinically diagnosed AIDS patients, 43
(88 percent) showed serum reactivity in
this assay. Two of the subjects whose
serum reacted positively with the HTLV
preparation had developed AIDS after
receiving blood transfusions. one in Hai-
ti and the other in Aruba. Of 14 homo-
sexual men with pre-AIDS, 11 (79 per-
cent) were positive. Of 17 homosexual
men with no clinical symptoms of AIDS.
seven were positive. At least one of
these was known to be a long-time sexu-
al partner of a patient with clinically
diagnosed AIDS. Another had persistent
fatigue and possibly other early symp-
toms of AIDS. Because these |7 men
had been seeking medical assistance.
they are not a representative sampie of
the homosexual population. and the high
incidence of HTLV-HI-specific anubod-
ies in their sera may not rerlect the true
incidence in the homosexual popuiation.
One of the three intravenous drug abus-
ers that were positive for serum antibod-
ies to HTLV-[II was also a homosexual.
Serum samples from only one of 186
control subjects reacted positively in this
test. These control subjects included
three with hepatitis B virus infection.
one with rheumatowd arthritis. six with
systemic lupus erythematosus. four with
acute mononucieosis. and eight with var-
ious forms of lymphatic leukemias and
lymphomas. some of whom were posi-
tive for HTLV-[. The rest were normal
donors of unknown sexual preference
including laboratory workers ranging in
age from 22 to 50.

To understand the moiecular nature of
the anugens recogmzed by ELISA. we

conducted the following experiment. A
lysate of HTLV-III was fractionated by
SDS-poivacrylamide gel electrophoresis
and transferred to a nitrocellulose sheet
by the electrophoretic blotting (Western)
technique of Towbin er dl. (35). The
nitroceilulose sheet was cut into 0.5-cm
strips and reacted with samples of the
human sera. Antigen-anubody compiex-

= &
31- 59

Fig. 2. Identification of HTLV-III antigens
recognized by sera of AIDS patients. HTLV-
Ul was lysed and fractionated by electropho-
resis on a 12 percent polyacrylamide slab gel
in the presence of SDS. The protein bands vn
the gel were electrophoretically transferred to
a mutrocellulose sheet according to the proce-
dure of Towbin er al. (35). Stnp solid-phase
radioimmunoassays were then performed as
descnibed (36). The sheet was incubated at
37T°C for 2 hours with £ percent bovine serum
albumun in 10 mM tns-HCl. pH ~.f containing
0.9 percent NaCl and cut nto 0.5-cm stnps.
Each strip was incubated for 2 hours it 37°
and 2 hours at room temperature tn 3 screw
<ap tube contaiming 2.5 mi of buder-1 120 m.\f
ins-HClL pH =5, | mM EDTA. 0.2 NaCl.
0.3 percent Tnton X-i00. and 2 mg of hovine
serum albumin and 0.2 mg of human Fao oser
rlliliter). Test sera 125 wli were then auded to
individual tubes containing the stnps and in-
cubation was continued for | hour at room
temperature and overmight in the cold. The
strips were washed three umes with a solution
containing 0.3 percent sodium deoxycholate.
0.1M NaCl. 0.5 percent Tnton X-100. | mVf
phenvimethylsulfonyl Auonde. and 10 m.\f
sodium phosphate. pH *.5. The stnps were
incudated tor | hour at room temperature witn
2.4 mi of buffer-1 and 0.1 ml of normai goat
serum. Affinity-punfied and '“I.lapeled goat
anuserum (o human immunoglobuiin (u chain
and Fc fragment) (.25 < [0° count min) were
added to the reacuon mixture and the :ncuda-
uon was continued for 0 minutes at rocom
lemperature. The strnps were wasned is Je-
scnibed. dned. mounted. and exposed 1o -rav
film. Stnp 1. adult T-cell leukema: strmp 2.
normal donor: stnp . mother of 2 chiid +ith
AIDS: stnps 4 and 6 to 10. AIDS pauents. and
stnp 5. pauient with pre-AIDS
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es formed were detected by autoradiog-
raphy after incubation of the strips with
'S[.labeled goat antibody to human

‘immunoglobulin. Figure 2 shows that the

antigen most prominently and commonly
detected among all of the sera from
AIDS patient had a molecular weight of
41,000 (p41). This corresponds to one of
the major proteins of the virus (Fig. 1)
and is presumably the eavelope protein.
Strip 7 shows the resuit obtained with
serum from an AIDS patient that reacted
negatively in the ELISA but in this more
sensitive strip assay it gave a low. but
definitely positive, result. Reactivity to
p24 of the virus was generally very weak
and was clear only in two cases (strips 4
and 5). This may be a reflection of the
relative titer toward different antigens.
One would expect the highest antibody
titer against the enveiope of the infecting
agent, especially if the infection causes a
pronounced immune deficiency and de-
creased capacity to make antibodies in
response 10 subsequent antigenic chal-
lenge. Additional reactivities against
antigens with molecular weights of
66,000 and 51,000 were seen in some
sera. [n strip 8 the serum reacted with an
additional antigen that has a molecular
weight of 31,000. These additional anti-
gens appear to be related to those detect-
ed by sera from the same patients in
HTLV-Ml-producing cells (33). Strips 1
and 2 show that sera from a patient with
ATL who was positive for HTLV-[ and
from a normal subject do not react with
the antigens of HTLV-III.

Of particular interest is the finding that
among the serum samples that reacted
positively with HTLV-[II two were from
young children (ages 7 months and 2
years). These children were free of
known opportunistic infections including
cytomegalovirus. Epstein-Barr virus.
Pneumocystis carinii. and fungus. The
mother of one of them was positive in
both tests described here. The children
presumably acquired the infection in
utero, by their mother’s milk, or by
another route.

Among the positive serum sampies
from AIDS patients there appears to be a
wide variation in antibody titer to
HTLV-1II. Generally. the titers in sera
from patients with advanced AIDS are
significantly lower than those in sera
from newly diagnosed patients and pa-
tients with pre-AIDS. This is consistent
with the idea that HTLV-III infection
causes an imual iymphowd proliferation
but eventually causes death of the target
lymphocytes {OKT4") leading to the ab-
normal T4~ T8" ratios and loss of helper
T-cell functions including antibody pro-
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duction by B cells. Therefore. the low or
negative result in the ELISA of sera
from some cases of advanced AIDS may
be a consequence of the narural course
of the disease. To prove this it will be
aecessary to study antibody titers in sera
obtained ar intervals trom subjects at
risk for the disease. The serum of one
AIDS patient showed a low positive ti-
ter, but serum from his homosexual part-
aer with no symptoms of AIDS had a
significandy higher antibody titer. It is
interesting that the serum of one AIDS
patient that was negative in the ELISA
did show a definite but low positive
reaction with p4l in the more sensitive
Western blot assay (Fig. 2. strip 7). The
ELISA with purified p41 might prove to
be even more sensitive. It is significant
that although HTLV proviral sequences
were clearly detected in DNA from cell
samples obtained from two AIDS pa-
tients early in the course of their disease.
these sequences could not be detected in
cells obtained after | year in one case
and 2 months in the second case (29). It
is conceivable that the subset of T lym-
phocytes that forms the target of the
provirus had been depleted before the
second samples were obtained in each
case.

In conclusion, we have shown a high
incidence of specific antibodies to
HTLV-IIl in patients with AIDS and
pre-AIDS. Among the antibody-positive
cases reported here a few are of particu-
lar importance with respect to the trans-
mission of the disease. For example. the
mother of the baby with AIDS was posi-
tive for HTLV-III as was a long-term
sexual partner of a homosexual with
AIDS. Recipients of blood products orig-
inating from individuals at risk for AIDS
were also positive for HTLV-[II and. as
described in an accompanying report
(31). the virus has been isolated from
several children with AIDS as well as
from their mothers. The data presented
here and in the accompanying reports
(30-32) suggest that HTLV-III is the
primary cause of AIDS.
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