
References and Notes 

1. M. S. Gottlieb et al., N .  Eng. J .  Med. 305, 1425 
(1981): H. Masur et a(.. ibid., P. 1431; F. P. 
Siegal et al., ibid., p. 1439. 

2. Centers for Disease Control, Morbid. Mortal. 
Week. Rpt. 32, 688 (1984); J .  W. Curran et al., 
N. Eng. J .  Med. 310, 69 (1984); G. B. Scott, B. 
E.  Buck, J .  G. Letterman, F. L. Bloom, W. P. 
Parks, ibid., p. 76: J .  Oleske et al., J .  Am. Med. 
Assoc. 249, 2345 (1983). 

3. M. Popovic et al., Science 224, 497 (1984). 
4. R. C. Gallo et al., ibid. 220, 865 (1983); M. 

Popovic and R. C. Gallo, in preparation. 
5. M. Essex et nl., Science 220, 859 (1983); M. 

Essex et al., in Human T-cell Leukemia Virus- 
es, R. C. Gallo, M. Essex, L. Gross, Eds. (Cold 
Spring Harbor Press, Cold Spring Harbor, 
N.Y., in press). 

6. R. C. Gallo et al., Cancer Res. 43, 3892 (1983): 
in Cancer Surveys, L. M. Franks et al., Eds. 
(Oxford Univ. Press, Oxford, in press). 

7. F .  Barrt-Sinoussi et uL,Science 220, 868 (1983). 
8. E. P. Gelmann et al., ibid., p. 862. 
9. M. Robert-Guroff et al., in Human T-cell Leu- 

kemia Viruses, R. C. Gallo, M. Essex, L. Gross, 
Eds. (Cold Spring Harbor Press, Cold Spring 
Harbor, N.Y., in press). 

10. T. H. Lee et al., personal communication; J .  
Schiiobach. M. G. Sarneadharan. R. C. Gallo, in 

11. M. G. Sarngadharan, M. Popovic, L. Bruch, J. 

Schiiobach. R. C. Gallo. Science 224. 506 
(1984); J .  Schiipbach et al.: ibid., p. 503. 

12. B. J .  Poiesz et nl., Proc. Nuti. Acad. Sci. 
U.S.A. 77. 7415 (1980): B. J .  Poiesz. F. W. 
Ruscetti, M. S. Reitz, V.  S. Kalyanaraman, R. 
C. Gallo, Nature (London) 294, 268 (1981); V. S. 
Kalyanaraman et al., Science 218. 571 (1982). 

13. P. D. Markham et (il., Int. J .  Cancer 31, 413 
(1983); P. D. Markham, S. Z. Salahuddin, B. 
Macchi, M. Robert-Guroff, R. C. Gallo, ibid. 35, 
13 (1984); S. Z. Salahuddin et al., Virology 129, 
51 (1983). 

14. M. Robert-Guroff and R. C. Gallo, Blut 47, 1 
(1983); V .  S. Kalyanaraman, M. G. Sarngad- 
haran, B. J .  Poiesz, F. W.  Ruscetti, R. C. Gallo, 
J .  Virol. 81, 906 (1981); C. Saxinger and R. C. 
Gallo, Lab. Invest. 49, 371 (1983). 

15. For virus isolation, samples of freshly drawn, 
heparinized peripheral blood or bone marrow, 
yielding a minimum of 10' viable cells (greater 
than 90 percent), are needed. These samples 
must contain the cells of interest, namely, 
OKT4+ T cells, which are frequently depleted in 
AIDS patients. 

16. S. Arya et al., in preparation. 
17. We thank M. Gonda for electron microscopy 

and A. Patel, S. Roberson, A. Fladager, and E. 
Reid for technical assistance. We are also in- 
debted to many clinical collaborators who pro- 
vided patient materials. 

30 March 1984: accepted 19 April 1984 

Serological Analysis of a Subgroup of Human T-Lymphotropic 
Retroviruses (HTLV-111) 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 lytnphomas. 
Cell surface antigens (p61 andp65) encoded by HTLV-I are frequently recognized, at 
low titers, by antibodies in the serum of patients with acquired immunodejciency 
syndrome (AIDS) or with signs or symptoms that precede AIDS (pre-AIDS). This 
suggests an involvement of HTLV in these disorders. Another sr~bgroup of HTLV, 
designated HTLV-III, has now been isolated from many patients with AIDS andpre- 
AIDS. In the studies described in this report, virus-associated antigens in T-cell 
clones permanently producing HTLV-111 were subjected to biochemical and immu- 
nological analyses. Antigens of HTLV-III, spec$cally 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 (p65) 
proteins, while the antigens in the third group are of unknown ofiliation. The data 
show that HTLV-III is clearly distinguishable from HTLV-I and HTLV-II but i~ also 
signijicantly 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 (I), a reverse transcriptase (RT) 
with a high molecular weight (100,000) 
and a preference for ~ g * '  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-11, which was 
first identified in a patient with hairy cell 
leukemia (8). 

Viruses of the HTLV family have been 
detected in some patients with the ac- 
quired immunodeficiency 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 (gp61) that is present on 
certain human T cells infected with 
HTLV-I (11). Gp61 and p65, a slightly 
larger protein that is a homolog 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-I 
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 (15), 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-111) 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-I11 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, H4lHTLV- 
I11 and H17IHTLV-I11 (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-I11 as part of a larger, sys- 
tematic serologic study of the prevalence 
of antibodies to HTLV-I11 in AIDS and 
pre-AIDS patients (19). 

Representative results 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 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, 80,000, 39,000, 
32,000, 28,000, and 21,000 gave less 
prominent reactions. The reaction with 
the antigen of 55,000 (p55) only occurred 
in sera that also recognized p24, suggest- 
ing a relationship between the two anti- 
gens. 

The specificity of these reactions was 
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Fig. 1 (left). Serologic detection of antigens in HTLV-I11 producer cell clones. Strip RIA were performed with human serum as described 
elsewhere in detail (21). Briefly, lysates of HTLV-I11 producer cell clones were subjected to electrophoresis under reducing conditions on 
preparative sodium dodecyl sulfate (SDS)-polyacrylamide slab gels, and electroblotted to nitrocellulose sheets (18). The sheets were cut into 
strips. These were incubated with human serum diluted 1 : 100. Afier three thorough washings, bound antibodies of immunoglobulin G (IgG) and 
immunoglobulin M (IgM) classes were made visible with radiolabeled, anity-purified goat antiserum to human IgG and IgM (H-chain specific) 
and autoradiography. (A) Analysis with H4MTLV-111 cells. (Lanes a, d, and g) U.S. patients with AIDS; (lane b) a French heterosexual male 
who developed AIDS after receiving a blood transfusion in Haiti (24); (lane c) an AIDS patient from Switzerland; (lane e) a normal heterosexual 
control; (lane f) a French pre-AIDS patient (24); (lane h) a Swiss heterosexual drug addict; (lane i) a normal homosexual control. (B) Analysis with 
H17lHTLV-111 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), lane d; (lane c) normal heterosexual 
control; (lane d) another Swiss AIDS patient; (lane e) a Swiss heterosexual male intravenous drug abuser with generalized lymphadenopathy and 
thrombocytopenic purpura (pre-AIDS). Fig. 2 (right). (A) Specificity of the antigens recognized. Lysates of cloned cells before and after 
infection with HTLV-111 were analyzed by the Western blot technique (18) with a 1 : 500 dilution of the serum shown in Fig. IB, lane e. (Lane a) 
The HI7 clone before and (lane b) the same clone after infection (H17MTLV-111); (lane c) the H4 clone before and (lane d) the same clone after in- 
fection (H4lHTLV-111). 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 (lanes a) cells and (lanes b) virus. Lysates of H4lHTLV-III(250 pg per lane) or virus purified from the cell culture flu- 
ids (19) (5 pg per lane) were analyzed with 1 : 500 dilutions of human sera. (Panel I) Same serum as in Fig. 2A; (panel 11) serum ofaSwiss male ho- 
mosexual with fatigue and generalized lymphadenopathy (pre-AIDS); (panel 111) serum from same AIDS patient as in Fig. IB, lane d. An antigen 
with a molecular weight of 110,000 and p41, p39, and p24 are enriched in the virus preparation [see (20)l. The serum in panel I11 recognized a sub- 
set of the antigens recognized by the sera used in panels I and 11. 
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Fig. 3. Relation between HTLV-I11 and 
HTLV-11. Serum of an AiDS patient at a 
dilution of 1: 500 was tested in a competition 
RIA on strips (20) prepared with H4lHTLV- 
111 cells. (Lane a) The human serum was 
added directly to the strip (uncompeted con- 
trol); (lanes b to e) the serum was first ab- 
sorbed for 3 hours at 37°C with 1 mg of ' , 
cellular extract. In (b) the absorption was with 
uninfected H4 cells (not producing virus); in Fig. 4. Electron microscopy of thin sections of cells producing HTLV-I, -11, and -111. (Top) 
(c) the absorption was with H4MTLV-I11 HUT 102 cells producing HTLV-I (2). (Middle) Cells from an AIDS patient (J.P.) producing 
cells producing HTLV-111 (positive control); HTLV-I1 (24). (Bottom) Cells from a patient [described in (27)J with pre-AIDS, producing 
in (d) the absorption was with C3144 cells (26) HTLV-111. (Panels a) Virus particles budding from the cell membrane. (Panels b) Free particles 
producing HTLV-11; in (e) the absorption was have separated from the membrane. (Panels c) Free particles sectioned in a different plane. 
with HUT 102 cells producing HTLV-I (2). Note the dense, cylindrical core region of HTLV-111. 
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studied by comparing lysates of H41 
HTLV-I11 and H171HTLV-I11 with ly- 
sates of the same cell clones, H4 and 
H17, before viral infection (Fig. 2A). No 
antigen from the uninfected clones react- 
ed with the sera, with the exception of a 
protein with a molecular weight of 80,000 
in H17 which bound antibodies from all 
of the human serum samples tested (see 
Fig. 1B) but not from rabbit or goat 
serum. Antigens newly expressed after 
viral infection and recognized by the 
human serum used for this analysis in- 
cluded p65, p55, p41, p39, p32, and p24. 
A large protein with a molecular weight 
of approximately 130,000 and a protein 
of 48,000 were also detected. With this 
serum, p55 consistently appeared as a 
doublet of bands of similar intensity. 
With normal human serum, none of the 
antigens was detected (not shown). 
These results show clearly that the anti- 
gens detected after virus infection are 
either virus-coded proteins or cellular 
antigens specifically induced by the in- 
fection. 

The antigens of H41HTLV-I11 were 
also compared with antigens from virus 
purified from the culture fluids of H41 
HTLV-I11 (Fig. 2B). Extensive accumu- 
lation of p24 and p41 [see (20)] occurred 
in the virus preparation (Fig. 2B, panels I 
and 11). Protein stains showed that these 
molecules are the major components of 
the virus preparation (19). P24 and p41 
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 is 
interesting that p24 in the virus prepara- 
tion consistently appeared as a doublet 
(p241p23), whereas in the cells it ap- 
peared as p24 alone. The significance of 
this is under investigation. P55 was not 
detected in the virus; however, the inten- 
sity of the p55 band in the cells (Fig. 2B, 
lanes a) appeared to correlate with the 
intensity of p241p23 in the virus prepara- 
tion (Fig. 2B, lanes b), thus again sug- 
gesting a relation between these anti- 
gens. The p55 is probably a precursor of 
p24, since a group-specific antigen of 
similar size (Pr 54gag) in HTLV-I-infect- 
ed cells is the precursor of p24 and the 
other gag-coded proteins (21). Occasion- 
ally an additional set of antigens was 
recognized by a serum (Fig. 2B, panel 
111) but their relation to the antigens 
described above is unclear. 

Thus we have shown that viral or 
virus-induced antigens in cloned human 
T cells infected with HTLV-I11 are spe- 
cifically recognized by antibodies in the 
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serum of patients with AIDS or pre- 
AIDS. The detection of p65 by many of 
the serum samples is of special interest. 
We have tested these sera on strips pre- 
pared from lysates of cells producing 
HTLV-I or -11. Some of these cells pro- 
duce a p65 that has been shown (13) to be 
coded for by the env gene of HTLV-I 
and to be the homolog of the gp61 de- 
scribed by others (1 1, 12). Many of the 
sera recognizing p65 in HTLV-III-in- 
fected cells also recognized, though 
somewhat faintly, p65 in cells producing 
HTLV-I or -11, and some of them also 
recognized gag-related antigens (data 
not shown). 

In addition, the reaction of some hu- 
man sera with virus-related antigens of 
HTLV-111-infected cells could be par- 
tially inhibited by large amounts of ex- 
tracts of cells producing HTLV-I1 (Fig. 
3). When a human serum not recognizing 
p65 was used, the antigens for which 
there was competition included p55, p48, 
p41, p39, and p24. These results were 
confirmed by the demonstration that a 
rabbit antiserum raised against purified 
HTLV-I11 showed some reactivity with 
antigens of HTLV-I1 and, to a lesser 
extent, with HTLV-I. In contrast, anti- 
serum to HTLV-I1 recognized both 
HTLV-I and -111 antigens, and an antise- 
rum to HTLV-I reacted well with 
HTLV-11, but only faintly with HTLV- 
I11 (22). Moreover, nucleotide sequences 
of HTLV-I11 have been found to be 
related to HTLV-I and -11 (23). Although 
the morphology of HTLV-I11 particles 
appears to be somewhat different from 
the morphology of HTLV-I and -11 (Fig. 
4), and although some differences are 
also found in the protein patterns of 
purified virus preparations (19), these 
immunological and nucleic acid data 
clearly indicate that HTLV-I11 is a true 
member of the HTLV family and that it 
is more closely related to HTLV-I1 than 
to HTLV-I. 
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