cell for B19 a precursor lying between
BFU-E and CFU-E in the erythropoietic
pathway (23). This inhibition does not
require coinfection with an exogenously
added helper virus, but it remains to be
determined whether this target cell sup-
ports a fully productive, lytic infection
by B19. That B19 should show such an
extreme target cell specificity is not sur-
prising, since susceptibility to lytic par-
vovirus infection has been shown in sev-
eral cases to be a function of host cell
differentiation (3, 4). The identification
of B19 as the causative agent of erythe-
ma infectiosum and its probable trans-
mission by way of the upper respiratory
tract suggest that this virus will also be
found to replicate at other sites in the
body. Now that cloned copies of the B19
genome are available many questions
about the virus, its distribution, and its
disease-producing potential become ex-
perimentally accessible.
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HTLV-III in AIDS (3-5, 12-16), and as
the source of virus in the present study
of the molecular biology of the AIDS
agent. In this article, we describe the
molecular cloning of two full-length inte-
grated proviral DNA forms of HTLV-III
and an analysis of the HTLV-III genome
in cell lines and fresh tissues from pa-
tients with AIDS or ARC.

Molecular Cloning of the
HTLV-III Provirus

Sequences of HTLV-III were first de-
tected in DNA of infected H9 cells (H9/
HTLV-III) by Southern blot analysis
with the use of a 3?P-labeled complemen-
tary DNA (cDNA) probe prepared from
HTLV-III virions. There was no evi-
dence of such sequences in uninfected
HO cells. The identity of these sequences
in H9/HTLV-III was subsequently con-
firmed by using as a probe the cloned
genome of HTLV-III derived from unin-
tegrated linear viral DNA (9). Prelimi-
nary analyses of Southern digests of H9/
HTLV-III DNA revealed that the virus
was present in this cell line both
as unintegrated DNA and as proviral
DNA integrated into the cellular genome
at multiple different sites. Since the
HTLV-III provirus was found to lack
Xba I restriction sites, a genomic library
was constructed by using Xba I-digested

G. M. Shaw, B. H. Hahn, S. K. Arya, R. C. Gallo, and F. Wong-Staal are in the Laboratory of Tumor Cell
Biology, Developmental Therapeutics Program, Division of Cancer Treatment, National Cancer Institute,
Bethesda, Maryland 20205. J. E. Groopman is in the Division of Hematology and Oncology, Department of
Internal Medicine, New England Deaconess Hospital, Boston, Massachusetts 02255.
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Abstract. The human T-cell leukemia (lymphotropic) virus type III (HTLV-III)
appears to be central to the causation of the acquired immune deficiency syndrome
(AIDS). Two full-length integrated proviral DNA forms of HTLV-III have now been
cloned and analyzed, and DNA sequences of the virus in cell lines and fresh tissues
Sfrom patients with AIDS or AIDS-related complex (ARC) have been characterized.
The results revealed that (i) HTLV-1II is an exogenous human retrovirus, approxi-
mately 10 kilobases in length, that lacks nucleic acid sequences derived from normal
human DNA; (ii) HTLV-1II, unlike HTLV types I and II, shows substantial diversity
in its genomic restriction enzyme cleavage pattern; (iii) HTLV-III persists in
substantial amounts in cells as unintegrated linear DNA, an uncommon property
that has been linked to the cytopathic effects of certain animal retroviruses; and (iv)
HTLV-HI viral DNA can be detected in low levels in fresh (primary) lymphoid tissue
of a minority of patients with AIDS or ARC but appears not to be present in Kaposi’s
sarcoma tissue. These findings have important implications concerning the biologi-
cal properties of HTLV-III and the pathophysiology of AIDS and Kaposi's sarcoma.

H9/HTLV-III DNA, and this was
screened with an HTLV-III cDNA probe
(8) to obtain molecular clones of full-
length integrated provirus with flanking
cellular sequences. Fourteen such clones
were obtained from an enriched library
of 10° recombinant phage, and two of
these were plaque-purified and charac-

maps of these two clones, designated
AHXB-2 and A\HXB-3. The overall length
of the HTLV-III provirus is approxi-
mately 10 kilobases (kb). The identical
restriction cleavage site patterns (Bgl 11—
Sst I-Hind III) spaced 9 kb apart in the
two clones suggested that these regions
represent the viral long terminal repeat

ment corresponding to the 3’ terminus of
HTLV-III to these terminal regions (data
not shown). To show that the restriction
enzyme cleavage sites depicted in Fig. 1
for clones AHXB-2 and AHXB-3 were
actually present in the viral DNA of
HTLV-III-infected H9 cells, we digest-
ed DNA from the H9/HTLV-III cell line
with various restriction enzymes and an-
alyzed it by the Southern blot technique.
As shown in Fig. 2 (lanes b), the restric-
tion fragments for Sst I, Eco RI, Hind
III, Pst I, Bam HI, and Bgl II predicted
from the restriction maps of \HXB-2 and
NHXB-3 (Fig. 1) are indeed present in
the Southern blots of HTLV-III-infected
cellular DNA.

To determine whether the HTLV-1II
genome contains sequences homologous
to normal human DNA, the viral insert
of \HXB-2 (5.5 kb and 3.5 kb Sst I-Sst I
fragments) was isolated, nick translated,
and used to probe HTLV-IIl-infected
and uninfected cellular DNA. Under
standard conditions of hybridization
[washing conditions: 1 x SSC (standard
saline citrate), 65°C; annealing tempera-

terized. (LTR) elements. This was confirmed by ture (T},), —27°C], this probe hybridized
Figure 1 illustrates the restriction hybridizing a cloned 0.9-kb ¢cDNA frag- to DNA from HY/HTLV-III cells as well
5 33 cScc ®= 3= S E.tss == 3 Tgo==_3 3
R % £2 83:8 =& =8 ¢ ¢ & 83352 B® : 2x2RBas £ |, AHXB-2
~ e L 1)) L1 1 LLll 11 T L —ee
_ I . __E _ = = = _ _ - = - -=- = i__=§=_5_
= c ®_ -TBs BPZ B = c c e~ 55 ¢ EgossEozes
n & 33 &8s gk Er iz §88 8 & zz & §:§3§%m§>‘3 . AHXB-3
P T | [T T L1 [N L 1w
= = = -~ = Ts ‘E
- ez 2: ri T-t T = ® EgssIEc-
3 £ iz §5 § 5358 3z E 52282d3% ABH-5ABH-8
L1y L1 Ly L it
- 3z %= zz Z - ¢ == ?is;ff;
8 2 2 & g2 8 §8 2 82 1 S%2884 ABH-10
Lt 1 L1 T S U R B U T e
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Fig. 1. Restriction endonuclease maps of four closely related clones of HTLV-III. \HXB-2 and AHXB-3 represent full-length integrated proviral
forms of HTLV-III obtained from a \ phage library of H/HTLV-I1I DNA (36). These clones contain the complete provirus (thin lines) including
two LTR regions plus flanking cellular sequences (heavy lines). The LTR regions are known to contain the three restriction enzyme sites Bgl II,
Sst I, and Hind III as shown, but their overall lengths are estimated. Clones ABH-10 and A\BH-5/A\BH-8 were derived from the linear unintegrated
replicative intermediate form of HTLV-III in acutely infected H9 cells and have been reported elsewhere (9). Their restriction maps are shown
here for comparison with A\HXB-2 and AHXB-3 and with Southern blots of genomic DNA from other HTLV-III containing cells. It should be
noted that \BH-5/ABH-8 consists of two separately cloned Sst I fragments (\BH-5 and ABH-8) which together constitute one HTLV-III genomic
equivalent but which are not necessarily derived from the same viral molecule (9). Also, because ABH-10 and ABH-5 were cloned with the
restriction enzyme Sst I (9), they lack 5' LTR sequences as shown. Other differences in the restriction maps between these HTLV-III clones are

indicated by bold letters and asterisks, with ABH-10 being used as a reference.

1166

SCIENCE, VOL.. 226



as other HTLV-IIl-infected cells, but
not to DNA from uninfected H9 cells,
uninfected HT cells (the parent cell line
from which H9 was cloned), or normal
human tissues (data not shown). This
finding is in agreement with the results of
other experiments in which the uninte-
grated (replicative intermediate) form of
HTLV-III was used as probe (9) and
demonstrates that HTLV-III, like
HTLV-I and HTLV-II, is an exogenous
retrovirus lacking nucleic acid sequences
derived from human DNA.

As noted above, we previously cloned
and analyzed the unintegrated linear
DNA form of HTLV-III from H9 cells
acutely infected with this virus (9).
These clones, designated A\BH-5, \BH-8,
and ABH-10, were characterized in the
same way as AHXB-2 and AHXB-3 and
are shown for comparison in Fig. 1. The
clones of integrated proviral DNA and
unintegrated linear DNA are similar to
each other yet are distinguishable by
differences in several restriction cleav-
age sites. We know from recent analyses
that ABH-10 and ABH-5/ABH-8 are in-
complete viral clones that lack a short
Sst I-Sst I segment of approximately 190
base pairs in the 5’ LTR-leader sequence
region as a consequence of the use of Sst
I in their cloning. The other differences
between these clones must represent dif-
ferences in the viral DNA restriction
patterns since the predicted fragments
unique to each clone can be identified in
digests of H9/HTLV-III cellular DNA
[see Fig. 2 and (9)].

Genomic Diversity of HTLV-III

The finding of different forms of
HTLV-III in a cell line originally infect-
ed with viral isolates from different pa-
tients suggested that the restriction pat-
tern of the HTL V-III genome could vary
from isolate to isolate. To test whether
such diversity was a common occur-
rence, we examined the restriction pat-
terns of HTLV-III in a number of differ-
ent T-cell lines derived from individual
patients with AIDS or ARC. In Fig. 2 we
compare the restriction pattern of
HTLV-III from a Haitian man (R.F.)
with AIDS to that of the virus in the H9/
HTLV-III cell line. As shown, the provi-
rus from R.F. contains two Sst I sites,
presumably in the LTR regions, which
generate a 9-kb fragment indistinguish-
able in size from that in HO/HTLV-III,
AHXB-3, or ABH-10 (Figs. 1 and 2).
However, the HTLV-III in R.F. is sub-
stantially different from the predominant
viral forms in H)/HTLV-III in most oth-
er restriction sites, including enzymes
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Fig. 2. Southern blot Sstl

analysis of DNA from aicthi e

an HTLV-III-infect-
ed cell line estab-
lished by coculturing
uninfected H4 cells
[another cloned cell
line from HT cells;
see (I)] with fresh pe-
ripheral blood mono-
nuclear cells of a het-
erosexual Haitian
man (R.F.) with
AIDS (lanes a). For
comparison, identical
digestions of cellular
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DNA from the H)/HTLV-III line are shown (lanes b). The major internal restriction fragments
predicted from clones \HXB-2, \HXB-3, ABH-10, ABH-5 and ABH-8 are apparent in blots of
the H)/HTLV-III DNA (for example, see Sst I bands of 9, 5.5, and 3.5 kb, Eco RI band of 1.1
kb, and Hind III bands of 6.4, 4.5, 2, and 1 kb). In contrast, the restriction fragments generated
by these same enzymes are quite different for HTLV-IlIgE, indicating that the genome of this
isolate is substantially different from the viral genomes in H)/HTLV-III cells. The experimental

conditions have been described (36-38).

known to generate internal viral frag-
ments in H/HTLV-III DNA (for exam-
ple, Eco RI, Hind III, and Bgl II). Be-
cause of these differences, and because
most of the viral DNA in the HTLV-
IIIgE line is polyclonally integrated (and
therefore would not produce flanking
bands), we conclude that the restriction
map of HTLV-IIIgg must differ substan-
tially from that of the viral forms in H9/
HTLV-III cells.

We confirmed these differences by
analyzing full-length clones of the
HTLV-IlIgg provirus and showing that
they differ from H9/HTLV-III in at least
19 out of 31 restriction sites. Despite
these differences in restriction pattern,
HTLV-IIIgg proviral DNA hybridized to
ABH-10 probe under conditions of rela-
tively high stringency (T, — 27°C), indi-
cating that the genomes of these viruses
overall are similar. This conclusion is
further supported by the finding that the
major core protein of HTLV-IlIgg is
similar in size (p24) and in antigenic

Fig. 3. Southern blot
analysis of restriction gl s
endonuclease digest-
ed DNA from (lanes
a) HY/HTLV-III cells
and (lanes b, c, and d)
from three other
HTLV-Ill-infected cell
lines. (Lanes b) DNA
from a primary T-cell
line established from
peripheral blood lym-
phocytes of a healthy
HTLV-III seroposi-
tive homosexual man

reactivity to other HTLV-III isolates as
determined by homologous radioimmu-
noprecipitation assays (/5). Neverthe-
less, important differences may occur in
the genomes of these viruses, for exam-
ple, in the envelope glycoprotein which
is a major determinant of antigenicity for
most retroviruses.

In Fig. 3 we compare three more
HTLV-III infected cell lines, one de-
rived from a healthy homosexual man
(R.H.) and two others from a child with
ARC (M.N.). The isolates from M.N.
were transmitted into the uninfected H9
cell line and also into the JM line (17), a
human T-cell line that is unrelated to H9.
Restriction digests with Hind III and Bgl
II (as well as Eco RI, which is not
shown), indicated that isolate HTLV-
IlIgry is different from H9/HTLV-III.
Similarly, HTLV-IIlyy is different from
H9/HTLV-III in its restriction pattern
for Sst I and Hind III as well as for Eco
RI and Xho I. Moreover, these differ-
ences in restriction patterns are not the

Hind 11l Bglll

&b ecid Bl LG

(R.H.). (Lanes ¢ and d) DNA from cell lines MN-1 and MN-2 established by transmission of the
viral isolate HTLV-IIIy into (lanes c) HI cells or (lanes d) JM cells. As shown, the restriction
patterns of the viral isolates from patients R.H. and M.N. are different from each other and from
the H/HTLV-III viral forms. HTLV-Illyy.,; and HTLV-IIlyn., are identical to each other,
indicating that the viral genome was not detectably altered as a consequence of its replication in
a particular host cell type. The experimental conditions for this experiment, including the probe

(ABH-10i), are the same as described for Fig. 2.
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Fig. 4. Detection by A Ha(+)HE(-) K.C. B F.O
Southern blot hybrid- = g
ization of HTLV-III e A O SR e A B
sequences in DNA R R e oo Sl

from freshly biopsied

23.1- |
lymph nodes of (A) a ke
patient with ARC ST
(K.C.) and (B) anoth- 6.6 -
er with AIDS (F.0.). :
(A) Five micrograms Rk
of DNA from cell line
HY/HTLV-III (H9+), 5.5
25 pg of DNA from 2.0 -
the uninfected cell P
line H9 (H9-), and 50 a.;:

ng of DNA from the
lymph node cells of
patient K.C. were digested with the indicated restriction enzymes. HTLV-III sequences were
detected in the DNA of H9/HTLV-III cells (H9+) and lymph node cells of K.C. but not in the
DNA from uninfected H9 cells (H9—). (B) HTLV-III sequences were also detected in the DNA
(25 ng per lane) from lymph node cells of patient F.O. [see (35) for methods]. The long exposure
time (7 days) and the presence of some degraded DNA account for the heavy background smear

in the first lane (H9+).

result of selective pressures associated
with H9 cells, since similar patterns were
observed for HTLV-IIIyn grown in H9
or JM cells and digested with a total of
seven different restriction enzymes,
three of which are shown in Fig. 3.

To determine whether similar variabil-
ity of the HTLV-III genome occurs in
vivo, we examined the restriction en-
zyme cleavage patterns of HTLV-III
DNA in freshly biopsied lymph nodes
from one patient with ARC (K.C.) and
another with AIDS (F.O.). In the HTLV-
III viral DNA from patient K.C. (Fig.
4A), two major Sst I bands were present,
as in HY/HTLV-III cells and in \HXB-2.
However, the Hind III and Bgl II frag-
ments did not correspond to fragments in
any of the other isolates or clones of
HTLV-III, and the cut made by Xba I
within the provirus was unlike that in
any other HTLV-III so far studied. In

contrast to the viral DNA in isolate
HTLV-IIIkc, the viral DNA in HTLV-
IIIgo (Fig. 4B) corresponds in its major
Sst I, Eco RI, Hind III, and Bgl II
fragments to those in ABH-10 and
AHXB-3. We assume that the small
bands are present but too faint to be seen
in this blot and that the Eco RI band is a
doublet generated by cutting two internal
Eco RI sites in predominantly uninte-
grated linear viral DNA (see Fig. 5). In
one other HTLV-III-containing fresh
tissue specimen the virus was similar to
AHXB-2 in its Sst I and Bgl II patterns
but different in its Hind III pattern (data
not shown). In all, we examined 12 dif-
ferent HTLV-III isolates from either
fresh or cultured cells. Five of them
could be distinguished from each other
by substantial differences in their restric-
tion cleavage patterns. Seven others, in-
cluding the four highly related forms

Table 1. Survey by Southern hybridization of fresh tissue specimens from patients with AIDS or
ARC for HTLV-III DNA sequences. Tissue samples were obtained from 65 patients, and DNA
was extracted as described (35). A sample of each DNA (25 to 50 pg) was digested with Sst I
(alone) and with Bgl II (alone), both of which generate internal viral DNA fragments in all
HTLV-III isolates that we have studied. All other experimental conditions and methods were as
described for Fig. 4. A positive and negative control (H9/HTLV-III and normal lymphocyte
DNA, respectively) was included on each filter. The DNA on the filters was also hybridized to
nick-translated A phage and pBR322 (lacking HTLV-III sequences) to rule out the possibility
that the bands observed could be due to contamination of the fresh tissue DNA's with either of
these vectors.

Number of patients Number of tissue

.. . . samples Tissue
Clinical diagnosis P tested™
Tested Positive Tested Positive

ARC 26 3 7 0 PBC

18 3 LNC
1 0 BMC

AIDS 39 6 15 1 PBC

16 4 LNC
8 0 BMC

11 2 SPL

5 0 KS

*Abbreviations: PBC, peripheral blood mononuclear cells; BMC, bone marrow mononuclear cells; LNC,
lymph node cells; SPL, spleen: KS, Kaposi's sarcoma.
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cloned from the H9/HTLV-III cell line,
were similar to (but not necessarily iden-
tical with) one of the first five. From
these results it was not possible to differ-
entiate between isolates from patients
with AIDS and ARC on the basis of their
restriction patterns.

The diversity in the genomic restric-
tion maps of different HTLV-III isolates
stands in contrast to the high degree of
conservation in the genomes of HTLV-I
and HTLV-II. For example, Wong-Staal
et al. (18) reported that ten out of ten
HTLV-I isolates from different regions
of the world had conserved internal Pst I
and Bam HI cleavage sites. Similarly, in
a survey of 88 patients with adult T-cell
leukemia (ATL) in Japan, Yoshida et al.
(19) found that the Pst I sites in the
HTLV-I proviruses were similar in 79
(90 percent) of them. Preliminary analy-
sis of the exceptional nine cases indicat-
ed that these represented defective pro-
viruses and not complete HTLV-I pro-
viruses with divergent restriction pat-
terns. These investigators also compared
isolates of HTLV-I from Japan and the
United States and found them to be quite
similar (/9). We have cloned and ana-
lyzed HTLV-I proviruses from two pa-
tients with ATL and have found them to
be very similar to each other and to a
Japanese clone of HTLV-I whose se-
quence has been reported (20-22). We
have also compared the full-length
clones of HTLV-II from two different
individuals and have found them to be
identical in 25 out of 25 restriction sites
(21). Thus, we conclude that the ge-
nomes of different isolates of HTLV-III
vary considerably more than do those of
either HTLV-I or HTLV-II.

Unintegrated Viral DNA and
Cytopathic Effects

In the life cycle of a retrovirus, the
single-stranded RNA genome must be
copied by reverse transcriptase into an
unintegrated linear DNA form prior to its
integration into the host cell’s chromo-
somal DNA (23). The linear unintegrated
DNA duplex contains a copy of the viral
genome in a nonpermuted order and can
generally be detected only as a short-
lived replication intermediate in the cy-
toplasm of infected cells shortly after
viral infection. Persistence of the uninte-
grated form of viral DNA has been ob-
served uncommonly in certain animal
retroviral systems (24, 25) and has been
correlated with the cytopathic effects of
these retroviruses (24). In cells freshly
infected with HTLV-III, in chronically
infected cells, and even in biopsied
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lymph node tissue from a patient with
AIDS, we have found that a substantial
amount of HTLV-III DNA persists in
the unintegrated form, mostly as linear
double-stranded DNA but also in much
lesser amounts as closed and nicked cir-
cular DNA (Fig. S). Although we have
not quantified the actual numbers of un-
integrated as opposed to integrated viral
DNA forms per cell, we have found, in
most cell lines examined, that the inten-
sity of hybridization of the 10-kb band
representing unintegrated linear DNA is
much greater than that of thie high molec-
ular weight smear representing polyclon-
ally integrated proviral DNA and is simi-
lar in intensity to internal viral bands
generated by enzymes such as Sst I, Bgl
II, and Hind III. We have found this
relative abundance of unintegrated viral
DNA in seven out of eight cell lines and
in one out of three fresh tissue speci-
mens, all of which contained detectable
amounts of HTLV-III. The importance
of this unintegrated DNA in the cyto-
pathic effects of HTLV-III in vitro and in
vivo requires further study.

Detection of HTLV-III DNA in
Fresh Tissue

Antibodies to HTLV-III can be detect-
ed in most patients with AIDS or ARC
(12), and HTLV-III can be isolated from
a large proportion of these patients (/, 2,
13). In the present study, we examined
by Southern hybridization a variety of
fresh tissue specimens from 65 patients
with ARC or AIDS for the presence of
HTLV-III DNA. Representative blots of
lymph node DNA from a patient with
ARC and another with AIDS are shown
in Fig. 4. Sequences of HTLV-III were
detectable in both tissue specimens but
in small amounts. For example, in Fig.
4A, the signal intensity for 5 pg of H9/
HTLV-III DNA is much greater than
that for 50 pg of lymph node DNA. It
should be noted, however, that H9/
HTLV-III cells contain many HTLV-III
DNA molecules per cell (26).

In all, HTLV-III sequences were de-
tected in only 9 out of 65 patients evalu-
ated (Table 1). Roughly the same propor-
tion of ARC patients (3 out of 26) as
AIDS patients (6 out of 39) was positive
for HTLV-III, and viral sequences were
detected most commonly in lymph node
(7 of 34) and spleen (2 of 11). None of
five Kaposi’s sarcoma tissue specimens
examined was positive for HTLV-III
DNA sequences. These specimens had
been obtained from the skin of three
patients and from lymph node of two
others and had been estimated by histo-
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23.1- 8

Fig. 5. Demonstration by Southern analysis of
unintegrated HTLV-III DNA in cell lines and
fresh tissue derived from patients with AIDS
or ARC. High molecular weight DNA was
extracted as described (35, 37). Samples (10 to
20 pg) were then subjected to electrophoresis
in standard horizontal 0.8-cm-thick, 0.7 per-
cent agarose gels without prior restriction
enzyme digestion and blotted and hybridized
to ABH-10i probe as described (39). The
bands migrating at approximately 10 kb repre-
sent the unintegrated linear form of the virus
and the smaller bands at approximately 5 kb,
the unintegrated closed circular form. Identi-
cal bands were obtained when these DNA’s
were digested with Xba I (which does not cut
the HTLV-III genomes in these samples) and

when undigested low molelcular weight (Hirt) DNA was examined. (Lane a) Normal peripheral
blood mononuclear cells 4 days after infection with concentrated H9/HTLV-III virions (9); (lane
b) H9/HTLV-III cells 6 months after infection with HTLV-III (1); (lane c¢) JM cells 3 months
after infection with HTLV-III (/7); (lane d) primary RH lymphocytes after 3 months of culture;
(lane e) lymphocytes from freshly biopsied lymph node of patient F.O.; and (lane f) normal

uninfected human lymphocytes.

pathologic examination to consist of be-
tween 30 and 90 percent Kaposi’s sarco-
ma cells. Since we have found that our
Southern hybridizations can detect less
than one viral DNA copy per ten cells,
we interpreted these data to indicate that
the three Kaposi’s sarcoma lesions did
not contain HTLV-III sequences. To en-
sure that the Kaposi’s sarcoma DNA
was of good quality and was adequately
digested, we rehybridized the DNA on
the nitrocellulose filters to an HLA class
I gene probe which readily detected the
expected HLA gene fragments (data not
shown). Of the nine patients positive for
HTLV-III sequences in this fresh tissue
survey, more than one tissue type was
examined in three. In the first patient,
HTLV-III DNA sequences were detect-
ed in a cervical lymph node on one
occasion (see Fig. 4B) but not in an
axillary lymph node or in peripheral
blood lymphocytes from the same pa-
tient 2 months later. In another patient,
HTLV-III DNA sequences were detect-
ed in both lymph node and spleen, and in
the third patient, viral sequences were
detected in spleen but not lymph node.
In most of the patients in which
HTLV-III DNA sequences were detect-
ed in fresh tissue, the signal intensities
were weak. From dilution experiments
with known amounts of HTLV-III-con-
taining DNA, we have estimated that, in
the nine positive patients reported here,
HTLV-III DNA was present at a level of
less than one copy per 10 cells (data not
shown). Theoretically, this low signal
intensity could also be explained by the
presence of a virus distantly homologous
to HTLV-III in these cells. This is un-
likely, however, because cell lines de-
rived from these tissues are productively
infected with HTLV-III (as determined
by both nucleic acid and immunologic

characterization) and because the re-
striction fragments in the Southern blots
of DNA derived from fresh and cultured
cells correspond to many of those pres-
ent in the cloned genomes of HTLV-IIIL.
Furthermore, the genomes of HTLV-III
and of the virus referred to as LAV
[lymphadenopathy-associated virus (27)}
are highly related, so any presumed dif-
ferences between them could not ac-
count for the weak signals detected in
AIDS and ARC tissues. We have also
hybridized full-length HTLV-I and
HTLV-II probes: to these infected
DNA'’s and they do not detect viral se-
quences, thus indicating that the weak
signals detected by the HTLV-III probe
are not due to hybridization to HTLV-I
or HTLV-II sequences.

Discussion

We have described here the molecular
cloning and analysis of the full-length
HTLV-III proviral genome from the cell
line HY/HTLV-III. Since this cell line is
the principal source of viral reagents for
the seroepidemiological studies of
HTLV-III in AIDS (12), and since these
H9/HTLV-Ill-derived viral clones de-
tect viral sequences in fresh and cultured
tissues from patients with this disease,
we conclude that \HXB-2 and AHXB-3
are representative of the virus that
causes AIDS. This conclusion is further
substantiated by the fact that these
cloned HTLV-III probes détect viral se-
quences in cells infected with LAV un-
der stringent hybridization conditions
28).

From an analysis of the HTLV-III
proviral clones, it is apparent that the
viral genome is approximately 10 kb in
length (slightly larger than HTLV-I and
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HTLV-II) and possesses redundant se-
quences, presumably the LTR elements,
at each end. Comparison of these full-
length proviral clones of HTLV-IIT with
two clones of linear unintegrated viral
DNA derived from the same HTLV-III-
infected H9 cells (9) indicates that they
are colinear and very similar in restric-
tion pattern. These clones of HTLV-III
lack any sequences homologous to DNA
from uninfected human cells as deter-
mined by blot hybridization at moderate-
ly high stringency (T,, — 27°C).

We have used both biochemical (9)
and electron microscopic (26) heterodu-
plex techniques to determine homology
between HTLV-III and HTLV-I and
HTLV-II and have found significant ho-
mology in the gag-pol region. This find-
ing is in agreement with our earlier ob-
servations for which we used HTLV-III
cDNA (8) and with the immunologic
studies of Sarngadharan et al: (7). It is
interesting that very minimal, if any,
homology has been detected between the
HTLV-III genome and the pX region of
HTLV-I and HTLV-II, since it is the pX
region which is most highly conserved
between HTLV-I and HTLV-II and is
thought to be involved in their trans-
forming properties (20, 29). This dif-
ference in relative homologies may be
related to the different biological proper-
ties of these viruses, HTLV-I and
HTLV-II being primarily transforming
and HTLV-III cytopathic.

The findirig of substantial diversity in
the restriction cleavage patterns of dif-
ferent HTLV-III isolates is probably re-
lated to the highly replicative nature of
this virus (/) and the well-recognized
infidelity of retroviral replication (30,
31). This characteristic distinguishes
HTLV-III from HTLV-I, the latter being
predominantly a transforming virus that
exists for long periods in a proviral form
that is generally not expressed (32). The
true extent of the genomic differences in
HTLV-III is not known, but for many of
the isolates tested the majority of restric-
tion enzyme cleavage sites were dif-
ferent from those found in the HTLV-III
clones and in the H/HTLV-III DNA. In
fact, we recently cloned the complete
HTLV-III provirus from cell line
HYHTLV-IIlgxg (see Fig. 2) and found
that this provirus differs from the provir-
uses in HO/HTLV-III cells in at least 19
out of 31 mapped restriction sites. Since
even a single base pair substitution in a
critical region of a retroviral genome can
have drastic effects on its biologic func-
tion (31), further studies involving the
expression of HTLV-III genes (such as
attempts to express envelope sequences
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for vaccine production) will need to take
into account the genomic diversity of
different HTLV-III isolates. However, it
may be possible to take advantage of this
diversity by evaluating different isolates
of HTLV-III for regions of conserved
nucleotide sequences. Similar studies
have been done with HTLV-I and
HTLV-II and have led to new insights
regarding the biologic properties of these
viruses (20, 29). It may also be possible
to exploit this diversity in following the
transmission of specific HTLV-III virus-
es both in vivo and in vitro.

Unlike most other retroviruses,
HTLV-III appears to persist in both inte-
grated and unintegrated forms in chroni-
cally infected cells. We found proviral
DNA integrated at multiple sites in eight
chronically infected cell lines, indicating
that the cell population was polyclonal
with respect to the site of HTLV-III
integration. These findings distinguish
HTLV-III from HTLV-I and HTLV-II,
both of which have predominant trans-
forming effects and lead to the prolifera-
tion, in vitro and in vivo, of monoclonal-
ly expanded populations of cells (6).
Since HTLV-III has not been shown to
possess transforming properties but is
cytopathic, it is not surprising that even
chronically infected cells contain poly-
clonally integrated provirus. It is not
known whether this polyclonality is due
to the continuous reinfection of neigh-
boring cells or to the stable growth of a
population of immortalized cells having
HTLV-III integrated at random sites.
Seven of the eight cell lines, as well as
one of the three fresh tissue samples,
also contained unintegrated linear viral
DNA. The relative proportion of uninte-
grated HTLV-III DNA and its location
(that is, in the cytoplasm, nucleus, or
both) have not been determined, and it is
not known whether this form of the virus
is responsible for its cytopathic effects.
Such a mechanism has been proposed to
explain the cytopathic effects of certain
other retroviruses (24).

We have previously been able to iso-
late HTLV-III from peripheral blood or
lymph node tissue from most patients
with AIDS or ARC (/2), in concordance
with the 85 to 100 percent seropositivity
for HTLV-III in these groups. However,
as shown herein, HTLV-III DNA is usu-
ally not detected by standard Southern
hybridization of these same tissues and,
when it is, the bands are often faint. This
must mean that only a minor population
of cells is infected with HTLV-III at any
one time. Thus, the lymph node enlarge-
ment commonly found in ARC or AIDS
patients cannot be due directly to the

proliferation of HTL V-IlI-infected cells
(as occurs with HTLV-I in adult T-cell
leukemia). Whether the lymphocytic
proliferation in lymph nodes occurs in
response to infection with HTLV-III or
another agent, or both, is not known.
Similarly, the absence of detectable
HTLV-III sequences in Kaposi’s sarco-
ma tissue of AIDS patients suggests that
this tumor is not directly induced by
infection of each tumor cell with
HTLV-III. Furthermore, the observa-
tion that HTLV-III sequences are found
rarely, if at all, in peripheral blood mono-
nuclear cells, bone marrow, and spleen
provides the first direct evidence that
these tissues are not heavily or widely
infected with HTLV-III in either AIDS
or ARC. However, on the basis of our
ability to culture virus successfully from
these various tissues (/3), it is apparent
that each does harbor the virus in a small
population of cells. It is likely that the
use of more sensitive techniques will
increase the frequency of detection of
HTLV-III sequences in fresh tissues
from patients.

The availability of molecular clones of
HTLV-III will now permit the direct
comparison of this virus to other retro-
viruses detected in patients with AIDS
or ARC. These viruses, named variously
as LAV, IDAV,, IDAV,, and ARV (27,
33), are morphologically indistinguish-
able from HTLV-III and, for those iso-
lates tested, immunologically indistin-
guishable as well (34). On the basis of
these results and of our detecting viral
sequences in LAV-infected cells using
HTLV-III probes (28), we believe that
HTLV-III, LAV, IDAV,, IDAV,, and
the most recently described AIDS-asso-
ciated viral isolate, ARV, are all essen-
tially the same virus. However, given the
diversity in the genomic restriction pat-
tern of HTLV-III reported herein, we
would expect similar difféerences to be
present in these other viral isolates.
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