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Detection, Isolation, and Continuous Production of Cytopathic 

Retrovuuses (HTLV-III) from Patients with IDS and Pre-AIDS 

Abstract. A cell system was developed for the reproducible detection of human T-

lymphotropic retrovirwes (HTL V 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-Ill) variants of these viruses. One 

cytopathic effect of HTLV-111 in this system is the arrangement of multiple nuclei in a 

characteristic ring formation in giant cells of the infected T-cell population. These 

structures can be used as an indicator to detect tfFLV-II1 in clinical specimens. This 

system opens the way to the routine detection of HTLV-I11 and related cyropathic 

variants of HTLV in patients with AIDS or pre-AIDS and in healthy carriers, and it 

provides large amounts of virus for detailed molecular and immunological analyses. 

Epidentiologic 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 (1-3). 
Though the disease is manifested by op-
portunistic infections. predominantly 
Pneumocystis carinii pneumonia 14). and 
by Kaposi's sarcoma (5), the underlying 
disorder affects the patient's cell-mediat-
ed immunity (6). resulting in absolute 
lymphopenia and reduced subpopula-
tions of helper T lymphocytes (OKT4-). 
Moreover, before a complete clinical 
manifestation of the disease occurs, its 
prodrome, pit:-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 could 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 opporti-
msuc or coincidental infections. We 
have proposed that AIDS may be caused 
by a virus from the family of human T- 
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cell lymphotropic retroviruses (HTLV) 
(9) that includes two major. well-charac-
terized subgroups of human retrovir-
uses, called human T-cell (eukemia-lym-
phoma viruses. HTLV-I (9-12) , and 
HTLV-[I (9. ll. 13). The most common 
isolate. HTLV-I. is obtained mainly 
from patients with mature T-cell malig-
nancies (9, 12). Seroepidemiologzcai 
studies. the biological effects of the virus 
in vitro, and nucleic acid hybridization 

data indicate that HTLV-I is etiological-

ly associated with the T-.e11 malignancy 

of adults that is endemic in certain areas 
of the south of Japan (14), the Caribbean 

(15). and Africa (16). HTLV-II was first 

isolated from a patient with a T-cell 

variant of hairy cell leukemia (13). To 
date. this is the only reported isolate of 
HTLV-II from a patient with a neoplas-
tic disease. Virus isolation and seroepi-
demiological data show that both HTLV-
I and HTL V-II can sometimes be found 
in patients with AIDS (17). 

That a retrovirus of the HTLV family 
might be an etiological agent of AIDS 
was suggested by the findings ii) that 
another retrovi us. feline leukemia virus. 
causes immune deficiency in cats (18): 

and that (ii) retrovtruses of the HTLV 

family are T-cell tropic 112. 19): tiii) 
preferentially infect helper T-cells 
(OKT4') (12. 19); (iv) have cyropathic 
effects on various human and mammali-
an cells, as demonstrated by their induc-
tion of cell syneytia formation '20): (vi 
can alter some T-ccil functions 121): (vi) 
can in some cases selectively kill T-cells 
(22); and (viii) may be transtruned by 
intimate contact and blood products (9). 
Also consistent with an HTLV etiology 
were the results of Essex and Lee and 
their colleagues showing the presence of 
antibodies to cell membrane antigens of 
HTLV-infected cells in serum samples 
from more than 40 percent of patients 
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 antibodies to a mem-
brane protein rather than to HTLV-I 
internal structural core proteins (25), to-
gether with the low incidence of isola-
tions of HTLV-I or HTLV-l1 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 possible by the dis-
covery of Tell growth factor (TCOF) 
(26). also called interteukin 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 metro-
viruses (28). The procedures used previ-
ously for the transmission and continu-
ous production of HTL V-I and -II were 
first worked out in mammalian cells 
transformed by avian sarcoma virus (29). 
These methods involved cocuitivauon of 
the transformed cells with cells permis-
sive for the particular virus strain. Nor-
mal. human T cells in cocultivatton ex-
periments preferentially yielded HTLV 
of both subgroups. Some of these viruses 
showed an immortalizing 'transforming) 
capability for certain target T cells 19. 

12). We thought that HTLV variants that 
have cytopathic effects on their 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 expert -
menu. This transience was our main 
obstacle to the isolation of these cyto-
pathic variants of HTLV from patients 
with AIDS or pre-AIDS. We subsc• 
quently found a cell line that is ;ticnly' 
susceptible to and permissive or c', to-
pathie variants of HTLV. This :ell line 
can prow permanently after .niec:tun 
with the virus. We report here the estao-
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tishment and characterization of this new 
immortalized T-cell population and its 
use in the isolation and continuous high-
level production of HTLV variants from 
pull"" cs with AIDS and pre-AIDS. 

Several aeoplastic human cell lines 

yes 

e 

established in vitro were assayed for 
susceptibility to infection with HTLV-[ 
and •iI and with many of the more cyto-
pathic retroviruses isolated from AIDS 
patients (30). One naopiastic aneuploid 
Tell line. denved from an adult with 

b... 

Fig. 1. Light and electron microscopic examinanoa of done H4/HTLV-fa. (a) H4'MTLV.III cells were characterized by the Presence of large multinucleated cells that showed, with 
Gieatsa-Wright staining, a characteristic arrangement of their nuclei (x350). (b) Electron micrograph of the cells showing the presence of exaacellular viral particles (x60,000). 

Table 1. Response of cloned T-cell populations to infection with HTLV-W. Single_cef doves were isolated as described (34, 35) from a long-term cultured aneuploid HT cell line exhibiting mature T.ceu Phenotype (OKT3' (62 percent). OKT4 (39 percent). and OKT8- I as deter. mined by cytoduorometry with a Auorcscence-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 10s cells per milliliter of culture media, was in the range of 106 to 1.5 x 106 cells per milliliter after 5 days of culture. 

Chatacteristics 
after infection 

Total cell number (x 106) 
At 6 days 
At 14 days 

Multinuc(ested cells t%)• 
At 6 days 
At 14 days 

[mmunoduorescence positive cells 1%)r 
At 6 days 

Rabbit antiserum to HTLV-4II 
Patient serum (E.T.) 

At 14 days 
Rabbit antiserum to HTLV.III 
Patient serum 

Reverse transcriptise activity (x 10' cpn imfl* 
At 6 days 
At 14 days 

Clones• 

H3 H4 H6 H9 Ml? H31 H35 H38 

1 1.3 1.3 0.3 0.4 0.3 0.5 1.8 
2.2 7.3 7.3 10 4.7 5.0 4.5 3.2 

24 ' 42 32 7 13 14 30 45 
45 48 45 30 22 45 60 60 

55 56 32• 32 39 21 10 87 
56 29 21 ND ND 4D YD 73 

50 74 60 97 71 40 20 80 
45 47 56 78 61 43 22 89 

2.4 1.8 . 2.1 4.1 2.6 1.4 1.7 2.5 
16.2 18.1 16.1 20.2 17.1 13.4 15.1 18.2 

'CdU smean were prepared from cultures 6 and 14 days after infection and stained with wriSht.Gicrosa. Cells with more than Eve nuclei were co seemed co be multinucleated. Cloned tells from uninfected cuitutes also eoetained soma multinueleatad pant cells: however. :he arranasmevc of the multiple Butler is a cllaractattsoe Pies formation (see Fa. tat was lacks; and the number of them calls wee much Ida 10.7 to 10 percemtl. 'Calls were washed with phosphate-buffered taline tPBS) and resuspended in the same buffer u comeenn7tsoo 10' cells Per milliliter. Approximately 50 µt of call suapenston was spored on a slide. air deed. and Eaed in acetone for 10 minutes at room Icmperuws. Slides were stolen u -20-C until use. Twenty eu crotltr of either rabbit aauzerum to HTLV.I (Ii dillu ed  1:2000 in PBS) or serum from the patient IE.T.) diluted I : S in PBS was applied to calls and incubated (or 50 minutes at 37C. The dwrescein.cosfupted aamerum to rabbit or human ImmunopoauLto 0 was diluted and applied to the fixed cells for 30 minutes At room temperature. Slides were cheat washed extensively before microscopic exlmi .annes. The unthfected parental Cell line as well as the clones were consistently nepnve to them assays. ND. not done. tvirus ptstncln were precipitates from cell-tree supernatant as follows: 0.3 ml of 4M NBC; and 3.6 ml of 30 percent Iweiant to volume) polyethylene glycol (Csreowax 60001 were added to S ml of harvested culture Auld, and the suspension wag placed on ice overtsiani. The suspension was crntrtfu~ed to a Sorvad RC-3 eemtnfu at2W0 revnnia u 4'C for 30 minutes. The orectpttate was resuspended m00 iii3 l of 50 percent be volume, iycerol (25 mM an-NC). psi 7.5.5 mM dithsothrntol. ISO mM KCi. and 0.025 percent Incas X.1001. Vines puuces were disrupted by addition of (00 W 01 0.9 percent Tntoe X• 100 to I.S.N KCI. Revere oanscnpuse Marys were performed is previously described 110. .8) Isee comments to Fg. 2b) and expressed in counts per miatite per milliliter 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 HTLV-earl. 
ants in sudktent quantities to permit the 
development of specific immunologic re-
agents and nucleic acid probes that can 
be used to characterize new isolates and 
compare them with HTLV-I and HTLV. 
11 (30). These cytopathic variants differ 
from HTLV-I and -1I not only in their 
biological effects but also in several im-
munological assays and in their morphol-
ogy 131). They nevertheless have many 
properties similar to HTLV-I and .12. 
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 from AIDS patients and with anti-
sera to the virus raised in animals 131), 
and they induce syncyria. These new 
HTLV isolates are collectively designat-
ed HTLV-HI, although 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 ceUs 
(3 x 106 cells preaeated with polybrene) 
to concentrated culture fluids harvested 
from short-term cultures of T-cells 
(grown with TCGF) obtained from .pa-
tienu with AIDS or pre-AIDS. The con-
centrated fluids were first shown to con• 
tain particle-associated RT. When cell 
proliferation declined. usually 10 to 20 
days after exposure to the culture fluids, 
the fresh (uninfected) HT cells were add. 
ed to the cultures. Culture fluids from 
the infected parental cell line were posi-
tive for particulate RT activity, and 
about 20 percent of the infected cell 
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 antibod-
ies to proteins of disrupted HTLV-ill 
(33) but did not react with proteins from 
cells infected with HTLV-I or HTLV-II. 

The parental T-celt population was ex-
tensively cloned in order to select the 
most permissive clones that would pre-
serve high rates of growth and virus 
production (for example. see clones 4 
and 9 in Table 1). A total of S 1 single-cell 
clones were obtained by both capillary 
134) and limited dilution (3S) techniques 
using irradiated mononuclear cells from 
peripheral blood of a healthy donor as a 
feeder. The clones were infected with 
HTLV-III by exposure to concentrated 
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virus (2 x 106 cells of each clone and 0.1 
ml of virus). Then cell growth and mor-
phology, expression of cellular viral anti-
gens, and RT activity in culture fluids 
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 to and permis-
sive for the virus, there were consider-
able differences in their ability to prolif-
erate after infection. For example, 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 HTL VIII. At 14 days after 
infection, the total cell number and the 
proportion of HTLV-III positive cells 
had increased in all eight clones. The 
virus positive cultures consistently 
showed a high proportion of round giant 
cells containing numerous nuclei (Fig. 
la). These cells resemble 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. lb). 

Both virus production and cell viabili-
ty of the infected clone H4 (H4/HTLV-
III) were monitored for several months. 
Although virus production fluctuated 
(Fig. 2a). culture fluids harvested at ap-
proximately 14-day intervals consistent-
ly exhibited particulate RT activity 
which has been followed for over 5 
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 H4/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 activity was 
found at a density of 1.16 gintl, which is 
similar to other retroviruses. The highest 
RT activity was found in the fractions 
with the largest amount of virus, as de-
termined by electron microscopy. The 
actual number of viral particles deter-
mined by this method was estimated (36) 
to be about 10' 1 per liter of culture fluid. 

We have used clones H4 and H9 for 
the long-term propagation of HTLV-1II 
from patients with AIDS and pre-AIDS. 
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Fig. 2. (a) Continuous HTLV-1II production from H41HTLV-III in long-term :uitnre was 
characterized by fluctuation in the amount of reieased virus as assessed by RT activity in the 
culture fluid ((or details. see Table I and Fig. b1. Viability of the infected cells was in the range 
of 60 to 90 percent. !b) Sucrose density gradient banding of HTLV.11I showed the highest 
particulate RT activity at a density of 1.16 gnu. A cell-free virus concentrate from a culture of 
HaHTLV-UI was layered on a 20 to.60 percent Iby weight) sucrose gradient in I0 m.sl ins-14C1 
IpH 7.4► containing 0. LM 4aCI and I tnbf EDTA and centrifuged overnight at :5.000 rev, min in 
a Spinco SW 7 rotor. Fracuons of 0.7 ml were collected from the bottom of the'radicnt and 
portions were assayed for RT 1.1 with idTl i. • 'A),, being used as the primer template and Sir -
as the divalent cation according to the methods described earlier 119.:8). Density of sucrose i x 1 
was determined by refractive index measurements. 

HTL V-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-III and with serum from patients 
E.T., the percentage of positive cells 
was between 5 and 80 percent. HTLV. 
III has also been isolated in our labora-
tory from a total of 48 patients by the 

more conventional methods for isolation 
of HTLV (30). Some of these isolates 
have now successfully been transmitted 
to the HT clones for production and 
detailed analyses. 

A few T-lymphocyte retroviruses that 
differed from HTLV-1 and -II but were 
associated with lymphadenopathy syn-
drome were detected earlier (37. 38). 
One such virus, called LAY, was report-
ed to be unrelated to HTLV-I or -I1 (38). 
Moreover, serum samples from 37.5 per-
cent of patients with AIDS were found to 
react with it (38). In contrast. HTLV-11I 

Table 2. Isolation of HTLV.II1 from patients with AIDS and pre-AIDS. 

uPa- Diagnosis Origin 
AcRTty 

RIO' 
cpml 

R.F. AIDS (heterosexual) Haiti 0.25 
S.N. Hemophiliac United States 6.3 

r Ivmphadenopathy i 
B.K. AIDS ihomosexual) United States 0.24 
L.S. AIDS (homosexual) _ United States 0.13 
W.T. Hemophiliac United States 3.2 

f l ymphadenopathv 1 

Virus expression` 

Percent positive 
in indirect IF.A 

with immune 
fluorescence Elec-

assav :ron 

Rab- 
micro-

Serum bit 
scopy 

from anti-
E.T. serum 

8o 33 ND 
10 ND - 

it  
6a 19 -
69 `D D 

'Coeuluveemon With H4 recipient T- ell clone was performed With fresh mononuclear c:!Is from Denoneral 
blood of parents R.F. and S.N.. resnectiveiv For eatients d K. and L.S. ;ocultivation vv as mriormed u rt n T 
-ells grown in the presence of exogenous TCGF i 10 percent by volumes for i0 •ass. The ratio of re-.ioieni :o 
donor ipatterns i cells Was I S The mued cultures Were maintained in RPMI 16+0 medium i;untainme .9 
percent FCS and anubioties i in the areence of exogenous TCGF H9 coils 'sere also m/s;::d Cs etoosinr : 'is 
cede to concentrated culture dwas narvuied from -ell cultures of bauent W T he C •lures .ere :ro•. n ,n 
the presence of exogenous TCGF for : .'eeks before rife culture iuids Were harvested and :oncentrateu 
Cells of H9 clones Were :mated with roivorene r: tie mli for :0 minutes and :. ii)' :e!Is +ere etoosed for
hour to 0.5 M1 of 100-fold concentrated culture luids positive for particulate RT acii, i(v -HTLV-III 
virus expression in cells infected by 'ne cocuaure and cell free Methods Was as,avea aoorosimateiv ! ntunm 
after cultivation it vitro. Vote a Considerable iuctuation in HTLV-Il1 etbression. For ce:aiis of the RT aria 
indirect iminunoduorescence assays see Tao)c i . 

_w 

m 
C, 

0 
OG 

DHSCO000457_0003 



is related to HTLV-1 and -11(31. 39) and. 
by all criteria. this new virus belongs to 
the HTLV family of retroviruses. In ad-
dition, more than 85 percent of serum 
samples from AIDS paclents are reactive 
with proteins of HTLV-QI (33). These 
findings suggest that HTLV-III and LAV 
may be different. However, it is possible 
that this is due to insufficient character-
ization of LAV because the virus has not 
yet been transmitted to a permanently 
growing cell line for true isolation and 
therefore has been difficult to obtain in 
quantity. 

The transient expression of cytopathic 
variants of HTLV in cells from AIDS 
patients 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 obstacle in 
detection, isolation. and elucidation 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 HTLV in AIDS patients and provides 
the first opportunity for detailed immu-
nological (31,33) and molecular analyses 
of these viruses. 
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Frequent Detection and Isolation of Cytopathic Retroviruses Press 
(HTLV-III) from Patients with AIDS and at Risk for AIDS 

Conferenc 

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 tire 
expression and release of human T-Iymphotropic retroviruses (HTL V). Retroviruses 
belonging to the HTLV family and collectively designated HTL V.!!! were isolated 
from a total of 48 subjects including 18 of 2l patients with pre-AIDS. 3 of 4 clinically 
normal mothers of juveniles with AIDS, 26 of 72 adult and juvenile patients 11 irk 
AiDS, and from I of 22 normal male homosexual subjects. .Vo HTLV-111 was 
detected in or isolated from / 13 normal heterosexual subjects. The number of HTL V• 
111 isolates reported here underestimates the true incidence of :he virus tin cc main' 
specimens were received in unsatisfactory condition. Other data show' that serum 
samples from a high proportion of AIDS patients contain antibodies to HTLV-i11. 
That these new isolates are members of the HTLV family but differ from the previous 
isolates known as HTLV-! and HTLV.11 is indicated ht' their morprtoioelcu/. 
biological. and immunological characteristics. These results and :hose reported 
elsewhere in this issue suggest that HTLV-111 may be the priman cause of AiDS 

The acquired immunodeficiency syn-
drome known as AIDS was initially rec-
ognized as a separate disease entity in 
1981 (1). 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), Haitian lmmlgrants to 
the United States (about 5 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 
high-risk groups 12). AIDS is diagnosed 

as a severe. unexplained, immune deh-
ciency that usually involves a reduction 
in the number of helper T lymphocytes 
and is accompanied by multiple opportu- 
rustic infections or malignancies. A num-
ber of other clinical manifestations. 
when occurring in members of a group at 
risk for AIDS. are identified as its pro-
drome (pre-AIDS). These include unex-
plained chronic lymphadenopathv or ieu-
kopenla involving a reduction in the 
number of helper T ,ympnocytes 11. _). 
The Increasing incidence of :his disease. 
the types of patients ad'ected, ana other 
epidemtologscal data suggest :rte 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 er 
41. (3), we and others have suggested that 
specific human T-lymphotroptc retrovir-
uses (HTLV) cause AIDS (~t. S). Many 
properties of HTLV are consistent with 
this idea (6). 

An association of members of the 
HTLV 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 recently 
from T cells from about 10 percent of 
AIDS patients, and a virus related to 
HTLV-1I was isolated from one AIDS 
patient (4). Another HTLV isolate was 
obtained from the lymph nodes of a 
patient with lymphadenopathy and at 
risk for AIDS (7). This isolate has been 
difficult 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 p19) 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 (S). 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 antibodies were specifically 
against HTLV-1. HTLV-II, or a virus of 
a different subgroup. 

With the availability of large quantities 
of HTLV-III (3), it became possible to 
develop specific immunological reagents 
that would facilitate its characterization. 
HTLV-III was found to share many 
properties with other HTLV isolates (6). 
but it was morphologically, biologically. 
and antigenically distinguishable (3. 11). 
Here we describe the detection and iso-
lation 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.I and HTLV. 
(1 from leukemic donors (12). Evidence 
for the presence of HTLV-III included: 
(i) vial reverse transcriptase (RT) activi-

4 MAY 1964 

ly (12) in supernatent fluids: (ii) trans-
mission of virus by coculturtng T cells 
with irradiated donor cells or with cell-
free fluids (3. ii): (iii) observation of 
virus by electron microscopy 1/2. /l): 
and (iv) the expression of viral antigens 
in indirect immunoduorescence assays 
using serum from a patient positive for 
antibodies to HTLV-III as described (S, 
11). or antisera prepared against puri. 
fied. whole disrupted HTLV.III (11). 
Cells and supernatant fluids were also 

F I 'Rev u>tm g. . erse 
seriprase activity 

from lymphocytes es. 
tablisbed in call cul-
ture from a patient
with pre-AIDS. Via. 
ble cell cumber and r 
Me'-dependent RT 
activity were deter- _ 
mined by established Iao 
procedures (13). Sym-
bols: 0. viable cats 
number in 1.3 ml of : 
growth medium: •. 
RT in 5µl of fivefold ¢ 1e
eaoeeotrated coodi-

pied at the indicted 

monitored for the expression of HTLV-1 
and HTLV-1I by using antibodies to the 
viral structural proteins p19 and p24 and 
by indirect immunoduorescence and ra-
diotmmunoprecipctauon procedures (/4). 

As jummanzed in Table 1. we found 
HTLV-III in 18 of 21 samples from pa-
tients with pre-AIDS. from three of four 
clinically normal mothers of juvenile 
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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-
nistiC infections. Virus was detected in 
only one of 2 samples 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. In no 
instance. 0 of 115. was virus detected in 
or isolated from cells of the normal vol-
unteers. Samples from 15 of these were 
tested under rigorously controlled condi-
tions, which included addition of anti-
body to a-interferon. 

Primary cells from patients usually 
produce virus for 2 to 3 weeks (Fig. I). 

.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 
antibody to a-interferon (Fig. 1). The 
HTLV-III-producing cell cultures were 
characterized by established immunolog-
ieal.proceduress (13). They were predom. 
inandy T lymphocytes (E rosette recep-
tor-positive, OKT3-  and Leul') with a 

helper•inducer (T4) phenotype (OKT3' 
and Leu3- ). 

The fairly uniform morphological ap-
pearance of HTLV-1I! is shown in Fig. 2. 
The diameter of the virus is 100 to 120 
rim. 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 rest)—gnue as optimal conditions 
(15). This is particularly so for the sam-
ples received from late-stage AIDS pa-
tients. Such samples usually contain 
many dying cells and very few viable 14 
lymphocytes. However, a high propor-
don of patients with AIDS and pre-AIDS 
have circulating antibody to HTLV-III 
(11). 

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 blood or 
bone marrow lymphocytes. The produc-
tion of HTLV-lU 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-AIDS. 
Peripheral blood leukocytes were banded in Ficoll-Hypaque. incubated in growth medium 
(RPMI-1640, 20 percent fetal bovine serum. and 0.29 mg of glutamtne per milliliter) containing 
phytohemagglutinin (PHA-P: 5 u.s/ml) for 48 hours at 37•C in a S percent CO, atmosphere. They 
were then refed with growth medium containing 10 percent purified Tell growth factor 
(TCGF). Cells and conditioned media from these lymphocytes were assayed for the presence of 
HTLV-III. Samples exhibiting more than one of the following were considered positive: 
repeated detection of a Mg -dependent reverse tnnscriptase activity in supernatant fluids: 
virus observed by electron microscopy: intracellular expression of virus-related antigens 
detected with antibodies from seroposttive donors or with rabbit antiserum to HTLV-Ill: or 
transmission of particles, detected by RT assays or by electron microscopic observation, to 
fresh human cord blood, bone marrow, or peripheral blood 1 -lymphocytes. All isolates are 
distinguishable from HTLV-1 or HTLV-II by several criteria and are classified as HTLV-1Il on 
the basis of staular morphological features observed by electron microscopy iFig. U: surular 
cytopattuc effects (3): antgenic cross-reactivity U1): and nucleic acid analysis 116). 

Number N 
Diagnosis positive om- Percent • for Leber positive 

HTLV-III 

Pre-AIDS 18 21 35,7 
Clinically normal mothers of juvenile 3 4 75.0 

AIDS patient 
Juvenile AIDS 3 8 37.3 
Adult AIDS with Kaposi sarcoma 13 43 30.2 
Adult AIDS with opportuntsuc infections 10 21 47.6 
Clinically normal homosexual donors I 22 4.5 
Clinically normal heterosexual donors 0 115 0 
- With the exception of the normal heterosexual donors and some of the clinically normal mothers of Juvenile 
AIDS caucats. all others xlong :0 one of the c roups of people idenuded as being at rase for kIDS 
homosexual stales. :niravenous tiring users. Hunan immigrants. heterosexual contacts of memoen of a 
coup at risk. hemopiuliacs treated Wash pooled blood products, recipients of multiple olood transfusions. and 
:rants Dorn of entente belonging !o other groups it risk. Pre-AIDS includes patients with uoexoWeed 
chronic lymolaacnooacimy and Ieukooerua. ' ith an inverted Ti iheiperiM Isuppressor) lympnocvte ratio. 
The clinically normal. nonoromisesous. homose.ntai suoiecu are trim Washington. D C.. and are believed to 
he u moderate rise. The clirucaily normal heterosexual donors include both mWe and female subjects 
Delieved not to be at risk for AIDS. 
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HTLV-[II to an established T-cell line 
(3). however, now makes possible its 
production in large quantities for de-
tailed analyses and for development of 
reagents for its detection U. 11). 

That the viruses we have named 
HTLV-fI1 belong to the HTLV family is 
indicated by their T cell tropism. Mg'-
dependent RT of high molecular weight. 
antigenic cross-reactivity with HTLV-lt 
and -Q (11), cytopathic effects on T 
lymphocytes (J). and their morphologi-
cal appearance in the electron micro-
scope. HTLV-III also contains some 
structural proteins similar in size to 
those of other members of the HTLV 
family (11). 

These studies of HTLV-[II isolates 
from patients with AIDS and pre•AIDS 
and from some healthy individuais at nsk 
for AIDS provide strong evidence of a 
causative involvement 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-lymphorropic 
retroviruses (HTLV) that have previously been characterized are known as HTLV-! 
and HTLV-!l. Both are associated will, certain human leukemias and lymphomas. 
Cell surface antigens (p61 and p65) encoded by HTLV-1 are frequently 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 ditorders. Another subgroup of HTLV, 
designated H71V-ll!, has now been isolated frombiany patients with AIDS and pre-
AIDS. In the studies described in this report, virus-associated antigens in T-cell 
clones permanently producing HTLV-Ill were subjected to biochemical and immu-
nological analyses. Antigens of HTLV-Ill, 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 (p5J and p24) and another with envelope-relaxed (p65i 
proteins, while the antigens in the third group are of unknown affiliation. The data 
show that HTLV-I!!is clearly distinguishable from HTLV-! and HTLV-!1 but is also 
significantly related to both viruses. HTLV-III is thus a true member of the HTLV 
family. 

Members of the family of human lym-
photropic retroviruses (HTLV) have the 
following features in common: a pro-
nounced tropism for OKT4' lympho-
cytes (1), a reverse transcriptase (RI') 
with a -high molecular weight (100.000) 
and a preference for Mg=` as the divalent 
cation for optimal enzymatic activity (2. 
3). and the capacity to inhibit T cell 
function (4) or. in some cases, kill T cells 
(5). Many HTLV also have the capacity 
to transform infected T-cells (1). The two 
major subgroups that have been charac-
terized (6) are HTLV-I, which is caus-
atively linked to certain adult T-cell ma-
lignancies (7). and HTLV-[I. which was 
first identified in a patient with hairy cell 
leukemia (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 (10). A 
high proportion of patients with AIDS or 
pre-AIDS, as well as a significant num-
ber of hemophiliacs, have antibodies in 
their serum that recognize a cell surface 
glycoprotein (gp6 i) that is present on 
certain human T cells infected with 
HTLV-I (11). Gp6l and p65, a slightly 
larger protein that is a homoiog of gp61 
and occurs in another cell line producing 
HTLV-I. were subsequently shown to be 
related to the HTLV viral glycoprotein 
(12. 13). Studies of blood transfusion 
recipients who later developed AIDS 

and of their blood donors have revealed 
the presence. in the blood of the donors. 
of antibodies to a retrovirus of the 
HTLV family (14). These findings sug-
gest an involvement of viruses of the 
HTLV family in the cause of AIDS and 
pre-AIDS. An involvement of HTLV-( 
alone appeared doubtful, however, be-
cause antibody titers to gp61 of HTLV-I 
in these patients are generally very low 
and antibodies to the structural proteins 
of HTLV, notably p24 and p19 (1S). 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-(ID isolated from patients with 
AIDS or pre-AIDS. Isolation of these 
viruses was achieved by means of a 
novel system permitting the continuous 
growth of T-cell clones infected with the 
cytopathic types of HTLV found in these 
disorders (17). 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. H4/HTLV-
III and H17/HTLV-III (17), were tested 
with samples of human serum in a strip 
radioimmunoassay (RIA) based on the 
Western blot technique (18). 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-
tematic serologic study of the prevalence 
of antibodies to HTLV-III in .AIDS and 
pre-AIDS patients 119). 

Representative results are shown in 
Fig. I. 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 antigens 
of the following molecular' weights: 
65.000. 60.000. 55.000. 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 .vith 
the antigen of 5:.000 i p55) onl} occurred 
in sera that also recognized p24. suggest-
ing a relation between the two. 

The specificity of these reactions was 
studied by comparing lysates of H4/ 
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Fig. 1. Serologic detection of antigens in HTLV-III producer cell clones. Strap RIA were performed with human serum as described elsewhere in 
detail (21). Briefly. lysues of HTLV-III producer cell clones were subjected to electrophoresis under reducing conditions on preparative sodium 
dodecyl sulfate (SDS)-polyacrylaettde slab gels, and elect oblotted to nitrocellulosic sheets (18). 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 
(ISM) classes were made visible with radiolabeled, a84niry-purified goat antiserum to human IgO and ISM (H-chain specific and autoradiogra-
phy. (A) Analysis with H4/HTLV-(II cells. (Lanes a. d. and g) U.S. patients with IDS: (lane bi a French heterosexual male who developed 
AIDS after receiving a blood transfusion in Haiti 124); ( lane clan AIDS patient from SwitzFrland; ( lane et a normal heterosexual control: ( lane tl a 
French pre-AIDS patient t2d): Vane hl a Swiss heterosexual drug addict: (lane () a normal homosexual control. r B) Analysts with H 17.'HTL V-III 
cells. (Lane a) An infant with AIDS whose mother is a prostitute; sera from both are highly positive for antibodies to the HTLV membrane 
antigen (11.25) and in our ELISA with disrupted HTLV-III (19); (lane b) same serum as in (A). lined: (lane cl normal heterosexual control: (lane 
d) another Swiss AIDS patient: (lane e) a Swiss heterosexual male intravenous drug abuser with generalized lymphadenopathy and 
tbrombocytopenic purpura (pre-AIDS). Fig. 2. (A) Specificity of the antigens recognized. Lysues of cloned cells before and after infection 
with HTLV-[fl were analyzed by the Western blot technique (18) with a 1:500 dilution of the serum shown in Fig. 18. lane e. (Lane a) The H17 
crone before and (lane b) the sane clone after infection (H17/HTLV-IIA; (lane c) the H4 clone before and (lane d) the same clone after infection 
(H44MV-III). All reactive antigens are virus-related 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 (lazes a) calls and (lance b) virus. Lysues of H4/HTLV-III (250 µg per lane) or virus purified from the cell culture fluids (19) (5 sg per 
lane) were analyzed with 1:500 dilutions of human sera. (Panel 1) Same serum as in Fig. 2A; (panel II) serum of a Swiss male homosexual with fa-
tigue and generalized lymphadenopathy (pre-AIDS); (panel III) serum from same AIDS patient as in Fig. 1 B. lane d. An antigen with a 110.000 
and p41. p39, and p24 are enriched in the virus preparation (see (20)). The serum in panel III recognized a subset of the antigens recognized by the 
sates used in panels I and H. 

a ti a d • 

— oea 
— p4e 

541 
— 535 

— p24 

Fig. 3. Relation between HTLV-III and 
HTLV-U. Serum of an AIDS patient as a 
dilution of 1:500 was tested in a competition 
RIA on strips (20) prepared with H4IH'I7_V-
LLI cells. (Lane a) The human serum was 
added directly to the strip (uncompeted con-
trol): (lanes b to el the serum was lust an-
sorbed for 3 hours as 37'C with I mg of 
cellular extract. In (b) the absorption was with 
uninfected H4 cells (not producing vino): in 
Ic) the absorption was with H4/HTLV-III 
cells producing HTLV.III positive control): 
in (d) the absorption was with C3144 cells (26) 
producing HTLV•LI; in lei the absorption was 
with HUT 102 cells producing HTLV-1 (2). 

1 
HTV-I __ 

:xr 

• ! i 

r'  .

Fig. .t. Electron microscopy of thin sections of cells producing HTLV-l. -11. and -1I1. Tooi 
HVT 102 cells producing HTLV-I 12). (Middle) Cells from an AIDS patient ii P.) producing 
HTLV.II 124). (Bottom) Cells from a patient (described :n 1271) with pre-AIDS. producing 
HTLV-III. ( Panels a) Virus particles budding from the cell membrane. 1 P3neis bi Free particles 
have separated from the membrane. iPanels Cl Free particles sectioned in a ti$ereni plane. 
Note the dense, cylindrical core region of HTLV-III. 
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r1TLV-III and H171HTLV-Ul with ty- cifieally recognized by antibodies in the Iteeeene. aa4 %.a. 
sates of the same cell clones. H4 and serum of patients with AIDS or pre- I. M. Popov. . P S. Saran.'4 Roixrt-0uroir. V 

\. H17. before viral infection (Fig. 2A), 4o AIDS. The detection of p65 by many of S.
Ca Ka  •Srrncra i909 6Liwli. P p w I Rk' C.

antigen from the uninfected clones react- the serum samples is of ipecral interest. 5 Z. Syanuua'n '. 5. Kalvanaramaa. .(Poovic. ed with thesera• with the exception of We have tested these sera on stri ps pre. P Sarin R C Gal:o In G J rater 11. .&I3 .:13 1 1963): S Z Satanuomn. P 0 Mart-
tein with a molecular weight of 80.000 pm gh pared from lysates of cells producing ham. F Way -emir u. Fraclint. V 5_ Ka. ,V.%raman. 129. in H17 whlcn bound antibodies from all HTLV-1 or -1I. Some of these ;ells pro- S1 11983). 

of the human serum samples tested (see duce a p65 that has been shown (13) to be 
` 

8. 1. Poi ., `- w Ruyce,ti. A. F Gudar. P 
Bunn. , Minna R C. Gallo• Proc. .vurl. Fig. IB) but not from rabbit orgoat ~ coded for by the env   gene of HTLV-I 

4
~ Aced. Sei. G'a.A. 77, 7a15 119801. 

. 

serum. Antigens newly expressed after g  P and to be the homol of the l de. of ~ 
3. H. M. Rho. v Prnesz F. 9W l: %4. n. R. C. Ga{to. vinolory ! 12. 331 (1981): N. Sethi. S. viral infection and recognized by the scribed by others (11, 12). Many of the Harlon- Y. H..'ayoma, M. Yoshsda. Proc. .vnrl. 

human serum used for this analysis in- sera recognizing p65 in HTLV-UI-in- 
Arad. Set. U.S.A. U. 3618 (19831. A. M. Po e, at.. ,n ,on 

eluded p65. p55. p41. p39. p32. and p24. fected cells also recognized. though S. T 05 !Brucker A large protein with a molecular weight somewhat faintly. p65 in cells producing 

nMoirsu S. Ratz. Sc.r cC_ 
1293 1 ►911a). 

of approximately 130.000 and a protein HTLV-I or -U, and some of them also 6. Fora brief review tie M. G. Samtpdharan er d., w Hwnan Cananorenesu. C. C. Hams and of 48.000 were also detected. With this recognized gag-related antigens (data H. H. Atrtrc:p. Eds. Academic Press. ,4cw 
serum, pS5 consistently . appeared as a not shown). In addition, the reaction of Yort. 1963) r. 679. 

7. V. S. Kalyma amen. M. G. Sarngadlemn. Y. doublet of bands of similar intensity, some human sera with virus-related anti- Nato. Y. ito T. .Aoku. R. C. Gallo. Proc. .Vail. 
normal human serum, none of the gens of HTLV-UI-infected cells could Acad. 541. VS.A. 79. 1653 11982): M. Robert. 

Gurotr it at.. Sce,aer 215. 925 t 199.1: Y. Hun-antigens was detected (not shown), be partially inhibited by large amounts of isms er al.. In:. 1. Cancer 28.631 (982): w _k . 
These results show clearly that the anti- extracts of cells producing HTLV-II 1. Schuo-Btuzner er al.. ibid. 30..8' 

M. bath. V. S. Kalyanarama M. C s. . G Saimaa- 
seas detected after virus infection arc (Fig. 3). When a human serum not recog- harm . Y. xakao. z- C. Calia. :b.d, 32. 83983);
either v1r115-coiled proteins or cellular nizin g p65 was used, the antigens for 

1 1983): 1. Schutsoach. V 5 Ki.yanarunan. M. 
G. Sampdharan. W. A. Blattner. R. C. Gallo. 

anti ills S g pecifically induced by the in. which there was competition included Cancer Res. 13. 996 (1983). 
6. v. S. Kalyanaraman et 41.. scienee :18. 571 fection. p55. p48. p41, p39, and p24. These re- ((992): E. P. Gehuunn er al.. Proc. Nail. Arad. 

The Sei. antigens of H4~HTL V-III were suits were confirmed by the demonstra- 
U.S.A. n. 993 (1964). 

9. R. C. Gallo er al.. Science 220.865 (19831; E. P. also compared with antigens from vino' tion that a rabbit antiserum raised Ottoman a a'.. ibid.. ep. 862. 
purified from the culture fluids of H41 against purified HTLV-III showed some 

10. F. Burt-Sinoissi er al., laid.. p. 865. 
I I. M. Essex er al.. laid. P. 859: M. Essex it d.. 

HTLV-III (Fig. 28). Extensive accumu- reactivity with antigens of HTLV-U and. tale Le toil 
Pie

n
II T. H. Lee  rive. NaM. Aeod. Sei. U.S.A.. larion of p24 and p41 [see (20)) occurred 

in 
to a lesser extent, with HTLV-i• In con-

. 

13. G. Sarnpdharan. the virus preparation (Fig. 23. panels I tract, antiserum to HTLV-II recognized R.G. Gallo. sc enc
chprtni' 

and 10. protein stains showed that these both HTLV-I and -III antigens, and an 14. H. W. lase er al.. Science 223. 1309 (19641. 
molecules817 the major components of antiserum to HTLV-I reacted well with 13. V. S. Kalywaraaurs. M. G. Sarnpdhuan. P.

A. Bunn. I. D. Minna. R. C. Gaup. ,Vamp the virus preparation (19). P24 and p4l HTLV-II. but only faintly with HTLV- !condom 296.271 11961): V. S. Kalyanaraman. 
may therefore be considered viral strut- III (22). Moreover, nucleotide sequences 4pd  `' 

R' C. 
Galia. Virrollory L 61 (19841. 

rural proteins. Furthermore, an antigen IIIof HTLV- have been found to be (6. M. Robert-Gurol eral.. in Cancer Cells. Vol. 1:

with a molecular weight of gh approximate- related to WMV-I and •U (23). Although 
Human T-Cel! Leukemia Viruses. R. C. Gallo and M. Essex. Eds. (Cold Spring Harbor LAba-

ly 110,000 was detected in the virus the morphology of HTLV-III particles clear'. Cold Spring Harbor. New York, in 
preparation but was below limit of detec- appear to be somewhat different from 

preset. 
(7. M. Popovie. M. G. Sarngadha,an. E. Read. R. 

tion in the cells. Also. p39 (see (20)1 was the morphology tp ogy of HTLV-I and -U (Fig. 
C. Gallo. Science •~4. 497 f 1984) 

18. H. Towbin. T. Stael,elin. J. Gordon. Proc. .varl. present in the virus preparation. It is 4). and although some differences are •Acad. Sct. C.'.5-4. 76. 4350119791 
interesting that p24 in the virus prepare- also found in the protein patterns of 

19. 54. G. Sarnpaharan. M. Popov.c. L. 3ruch. I 
Schuabach, R. C. Gallo. Science 224. 506 

lion consistently appeared as a doublet 
7 (p24/p23), whereas in the cells it ap• 

purified virus preparations (19). these 
immunological and nucleic data 

t 196". 
:0. Although in Fig. 2.9 the >KI it the virus eretnra• 

peared as p24 alone. The significance of 
acid 

clearly indicate that HTLV-UI is a true 
tion appears :o be larger than the P41 to cells. 
the two molecules are the sh ine size. Donne 

this is under investigation. P55 was not member of the HTLV family and that it 
to 

applicat,oa Of the Ivsues :o the qe, in another 
expenmeht. a Small amount ti t .ellular I'sate 

detected in the virus: however, the inten- is more closely related to HTLV-II than 
«u sodled into the nngnbonng lanes Ana :tae 
.edularpel movea wits the same velocity as the sity of the p35 band in the cells (Fig. 28, to HTLV-1. viral 741. A cannecnng bane .as ;nos 'ormed 

lanes a) appeared to correlate with the IORO SCHIDPDACH 
between the p41 in the lane containing the ;eels 
and the p41 in the Lane with the virus. The same 

intensity of p24/p23 in the virus Prep63'a- M1r1:ULAS POPOV)C s,ruat.on occurred with p39 ,n cells and virus. 
lion (Fig. 28, lanes b), thus 

-1. 1. Schupbach. V. S. lo. in 
preparation. 

gesting a relation between these anti- National Cancer Institute, =- M. G. Sunpdharan er al.. in preparation. 
Z3. S. Arya et al.. m ptepaRtton. Bens. The p55 is probably a precursor of Bethesda, Maryland 20205 24. 1. B. Brunet eral.. Lancer 1983.1. 700 119631. 

p24. since a group-specific antigen of RAYMOND V. GILDEN 
25. M. Essex. personal tommurucauon. 26. M. Popov¢. V. S. Kalvanaraman D. L. Mann. 

similar size (Pr 54ear) in HTLV-I-infect- MATTHEW A. GOND E. Reenardson. P. S. Saran. R. C. Gallo. in 
ed cells is the precursor of p24 and the Program Resources. Inc. 

Cancer Cells. Vol. l: Human T•Cei! Leeaemia 
virtues. R. C. Gallo and M. Essex. Eds. ,Co.d 

other gag-coded proteins (21). Occasion- NCI-Frederick Cancer Research Sprang Harbor t abontory, Cold Spnns Harbor. 
New York, in press). ally an additional set of antigens was Facility, Frederick, Maryland 21701 -' R. C. Gallo er al.. Science 2.4. 500 (19941 

recognised by a serum (Fig. 28. Panel M. G. SAaNGADHARAN 23. We thank J. .khmat for technical assistance and 
111) but their relation to the antigens Department of Cell Biology. 
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A" tibodies Reactive with Human T•Lymphotropic 

Retroviruses (HTLV-III) in the Serum of Patients with AIDS 

Abstract. in cars, infection with T-tymphotropic retroviruses can cause T-cell 
proliferation and leukemia or T-cell depletion and immunosuppresslon. In humans. 
some highly T4 tropic retroviruses called HTLV-i can cause T-cell proliferation and 
leukemia. The subgroup HTLV-1l also induces T-cell proliferation in vitro, but its 
role in disease is unclear. Viruses of a third subgroup of human T-tymphotropic 
retroviruses. collectively designated HTLV-l!!. have been isolated from cultured 
cells of 48 patients with acquired immunodeficiency syndrome (AIDS). The biologi-
cal properties of HTL V-111 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 HTL V-It 
than to HTLV-1. Serum samples from 88 percent of patients with AIDS and from 79 
percent of homosexual men with signs and symptoms that frequently precede AIDS. 
but from less than l percent of heterosexual subjects, have antibodies reactive 
against antigens of HTLV-t11. The major immune reactivity appears to be directed 
against p41. the presumed envelope antigen of the virus. 

The incidence of the acquired 
immunodeficiency syndrome tAIDS) in 
homosexual men with multiple sexual 
partners. intravenous drug abusers. he-
mophiliacs, blood transfusion recipients, 
and close heterosexual contacts of mem-
bers of these high-risk groups (1-7) 
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 lymphocytes 
(OKT4') and a resulting lack of many 

helper functions, including production of 
antibodies by B cells (1. 3). 

Rezovirus 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 (10). 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 I. Antibodies to HTLV-III in serum samples from patients with AIDS and pre-AIDS and 
from control subjects. Wells of 96-well Immulon plates were coated overnight with a lysate of 
density-banded HTLV-III (30) at 0.5 i  protein per well in 100 iiJ 50 mM sodium bicarbonate 
buffer. pH 9.6. The wells were washed with water and incubated for :0 minutes with 100 rat of 5 
percent bovine serum albumin in phosphate buffered saline t PBS). The wells were washed again 
in water, and then 100 µI of 20 percent normal goat serum in PBS were added to each well. 
followed by S or 10 rat of the test sera. These were allowed to react for : hours at room 
temperature. The wells were washed three times with 0.5 percent Tween-20 in PBS and 
incubated for I hour at room temperature with peroxidase-labeled goat anuserum to human 
immunoglobulin Gat a dilution of I :2000 in I percent normal goat serum in PBS. The wells were 
successively washed four times with 0.05 percent Tweea-:0 in PBS and Tout times with PBS and 
reacted with 100 ual of the substrate mixture containing 0.05 percent orthoohenylene diamine 
and 0.005 percent hydrogen peroxide in phosphate-citrate buffer. pH 5.0. The reactions were 
stopped by the addition of 50 ill of a.v H;SO.. and the color yield was measured with a 
Dynatech ELISA reader. assays were done in duplicate and absorbance reading greater than 
three times the average of four normal negative control readings was taken as positive. 

Number positive Number Percent Subjects for antibodies t ted to HTL es V-III positive 

Patients with AIDS 43 49 87.8 
Patients with pre-AIDS II 14 '•8.6 
Intravenous drug users 3 5 

_ 
60 

Homosexual men 6 17 
Sexual contact of AIDS patient I I 
Persistent fatigue I I 
Other a 15 26.6 

Other controls I 186 0.5 
Normal subjects I 164 0.6 
Patients with hepatitis B virus infection ) 3 
Patient with rheumatoid arthritis 0 1 
Patients with systemic lupus erythematosus 0 6 
Patients with acute mononucleosis 0 4 
Patients with lymphatic leukemias 0

506 

considered a serious candidate in the 
etiology of human AIDS. Two subgroups 
of a family of human T-lymphotropic 
retroviruses IHTLV) have been isolated 
and characterized 111). The first. HTLV-
1, was isolated from a black American 
with an aggressive form of T-cell lym-
phoma (12) and has been etiologically 

.linked to the pathogenesis of adult T-cell 
Leukemia-lymphoma (ATL) (13-IS). In-
fection with HTLV-1 in vitro can alter T-
cell function (16) and, in some cases. 
lead to T-cell death (17). HTLV-II was 
isolated from a patient with a T-cell 
variant of hairy cell leukemia (18). 

Although there are distinct differences 
between HTLV-I and HTLV-1I. they 
have the following common features: a 
tropism for OKT4- lymphocytes (19): a 
Mg=--dependent reverse transcnptase 
(RT) of high molecular weight r 100.000) 
(20): some antigenic cross-reactivity in 
their proteins ( 18): a novel set of nucleo-
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 retrovinu 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-1 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-1 (26). A larger 
proportion of the sera reacted with a cell 
membrane antigen specific to HTLV-1-
infected cells (27). This antigen has since 
been identified as a precursor of the 
envelope glycoprotein. gp46. of HTLV-I 
(28. 29). However, the correlation be-
tween AIDS and serum antibodies to 
HTLV-1 protein tinctuding the cell mem-
brane antigen. p61 1 is weak. 

These results are consistent with the 
idea that the primary cause of AIDS is 
another member of the HTLV family 
with limited cross-reactivities with the 
known HTLV subgroups. Sera with high 
titers of antibodies to the AIDS-specific 
virus might show a detectable reaction 
with antigens of HTLV.! and HTLV-11. 
whereas the reaction of sera with low 
titers might be too weak to recognize in 
such a cross-reactive system. Our at-
tempts to isolate other retroviruses from 
AIDS patients resulted in the identrrica. 
Eton of a number of HTLV isolates that 
are similar to each other but are , isun-
guishable from HTLV-I and HTLV-II. 
These new isolates are designated 
HTLV-III and are described in the ac-

SCIENCE. VOL. »4 

..a 

0 
L 

N -a 

C 
C_ 

C 

DHSCO000457_0010 



._.npanying reports (30-J2). Here we 
describe the use of HTLV-III 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 cultures 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. I. lane 2). Like HTLV-I (lane 
1). and unlike common mammalian re-
troviruses (for example. Rauscher mu-
rine leukemia virus, lane 3). HTLV-111 
(lane 2) has a major group-specific anti-
gen (gag protein) with a molecular 
weight of 4.000(p24). It has an RT with 
a molecular 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 tacks 
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-III is antigenically different 
from HTLV-I and -II, but that it also 
shares a variety of antigenic determri-

2 3 

-940 

`• -99.o 

660' 
- 25.5 

Fig. 1. Comparison of the SDS-polyacrvlam-
ide gel prone of HTLV-III with profiles of 
HTLV-t and Rauscher munne leukemia virus 
(R-MuLV). Lane I. HTLV.1: lane 2. HTLV. 
III: lane 3. R-MuLV : lane 4. molecular weight 
standards: phosphorvlase b 194.000), bovine 
serum albumin (68.000). ovalbumin (45.000). 
chymotrvpstnogen r25.5001. and lvsozvme 
(14.000). 
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rants with them, especially with HTLV-
II. This relatedness has also been con-
firmed by comparison of nucleotide se-
quences of the three types of HTLV (33). 

Serum samples were obtained from 
patients with clinically documented 
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 ip 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 arc 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 pro-AIDS. 11 (79 per-
cent) were positive. Of 17 homosexual 
men with no clinical symptoms of AIDS. 
seven were positive. A[ 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 17 men 
had been seeking medical assistance. 
they are not a representative sample of 
the homosexual population, and the high 
incidence of HTLV-HI-spectfic antibod-
ies in their sera may not reflect the true 
incidence in the homosexual population. 
One of the three intravenous drug abus-
ers that were positive for serum antibod-
ies to HTLV-III was also a homosexual. 
Serum samples from only one of l86 
control subjects reacted positively in this 
test. These control subjects included 
three with hepatitis B virus infection. 
one with rheumatoid arthritis, six with 
systemic lupus erythematosus. four with 
acute mononucleosis, and eight with var-
ious forms of lymphatic leukemias and 
lymphomas. some of whom were posi-
tive for 1-ITLV-I. The rest were normal 
donors of unknown sexual preference 
including laboratory workers ranging in 
age from 22 to 50. 

To understand the molecular nature of 
the antigens recognized by ELISA. we 

conducted the following experiment. A 
lysate of HTLV-III was fractionated by 
SDS-polvacrylamide gel electrophoresis 
and transferred to a nitrocellulose sheet 
by the electrophoretic blotting (Western 
technique of Towbin et ul. iii). The 
nitrocellulose Sheet was cut into O..-cm 
strips and reacted with samples of the 
human sera. Antigen-antibody complex-

1 2 3 4 $ e 7 a 9 'a 

Sc -
51-

41-

31-

24-

Fig. ? Identi$cation of HTLV-III antigens 
recognized by sera of AIDS patients. HTLV-
III was lysed and fractionated by electropho-
resis on a I: percent polyacrylamide slab gel 
in the presence of SDS. The protein bands an 
the gel were electrophoretically transferred to 
a mtroeellulose sheet according to the proce-
dure of Towbin rr al. 1331. Strip solid-phase 
radiotmmunoassays were then performed as 
described (36). The sheet was incubated at 
37°C for 2 hours with 5 percent bovine serum 
albumin in 10 auV tits-HCI. pH - 5 containing 
0.9 percent NaCl and cut into 0 5-cm imps 
Each strip was incubated for 2 hours st 3-'C 
and 2 hours at room temperature in a screw 
cap tube containing :.5 ml of buffer- I t :0 m.t! 
:ns-HCI. pH - .5. 1 mil EDT.A. J.- ( \aCl. 
0.3 percent Triton X-iW. and : one or bovine 
serum albumin and 0.2 mg of human Fac oer 
milliliter). Test sect r^s µlr were then auded to 
individual tubes containing the strips and in-
cubation was continued for I hour at room 
temperature and overnight in the cold. The 
strips were washed three times with a solution 
containing 0.5 percent sodium deoxvcholate. 
0.IM NaCI. 0.3 percent Triton X-100. 1 m.V 
phenvlmethvlsulfonyl fluoride. and 10 m t 
sodium phosphate. pH - .5. The ;trips were 
incubated for I hour at room remptrature wen 
2.4 ml of butter-I and 0.1 ml of normal goat 
serum. AATinity.punned and '= I-labeled goat 
antiserum to human immunoelobulin i4:harn 
and Fr fragment) ( I._: < 10" counr. mint were 
added to the reaction mixture and the ,nc:,oa-
uon was continued for 30 minutes it room 
temperature. The strips were '•~asncd is .,c-
scnbed. dried, mounted. and exposed
film. Strip I. adult T-cell leukemia: itro :. 
normal donor. strip ?. mother or a child •~11h 
AIDS: strips 4 and 6 to 0. AIDS patients. snd 
strip 5. patient with pre-AIDS 
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es formed were detected by autoradiog-
raphy after incubation of the strips with 
' I-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. I) 
and is presumably the envelope protein. 
Strip 7 shows the result 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 envelope of the infecting 
agent, especially if the infection causes a 
pronounced immune deficiency and de-
creased capacity to make antibodies in 
response to subsequent antigenic chal-
lenge. Additional reactivities against 
antigens with molecular weights of 
66,000 and 51,000 were seen in some 
sera. In 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-ID-producing cells (33). Strips I 
and 2 show that sera from a patient with 
ATL who was positive for HTLV.I 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-III two were from 
young children (ages 7 months and 2 
years). These children were free of 
known opportunistic infections including 
cytomegalovirus. Epstein-Barr virus. 
Pneumocvstis 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 samples 
from AIDS patients there appears to be a 
wide variation in antibody titer to 
HTLV-)n. 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-1II infection 
causes an initial lymphoid proliferation 
but eventually causes death of the target 
lymphocytes 10KT4") 

leading to the ab-
normal T4' T8 ratios and loss of helper 
T-cell functions including antibody pro-

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 natural course 
of the disease. To prove this it will be 
necessary to study antibody titers in sera 
obtained at intervals from subjects at 
risk for the disease. The serum of one 
AIDS patient showed a low positive ti-
ter. but serum from his homosexual part-
ner with no symptoms of AIDS had a 
significantly 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 pill 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 1 year in one case 
and 2 months in the second case (25). 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-III 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-Ill 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-I1I 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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