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New human retroviruses antigenically related to HIV and even
more closely to STLV-III have been recently isolated from
individuals from some West African countries™. One of these
viruses, HTLV-IVp, was reportedly isolated from lymphocytes of
a healthy female prostitute'?. Another isolate, LAV-2;, was
obtained from an AIDS patient and third, SBL-6669, from an
individual with lymphadenopathy’. Current epidemiological
studies indicate that some of these virus isolates cause immune
deficiency whereas others may not or may be less efficient at
inducing immune deficiency. Similarly, STLV-III apparently does
not cause immune deficiency in its natural host, African green
monkey®. A novel feature of HIV is the possession of a gene termed
tat, which is implicated in its pathobiology®'>. We report here
that, like HIV, HTLV-IVp, LAV-2g; (HIV-2) and SBL-6669, as
well as STLV-III, ), possess the putative tat gene, irrespective of
their pathogenic potential in vivo. Interestingly, HTLV-1V,/LAV-
2g long terminal repeat (LTR) is equally well transactivated by
the HTLV-IVp/LAV-2g; and HTLV-IIy tat function, HTLV-IIIy
LTR responds better to its own tat function.

The human T-lymphotropic retroviruses (HTLVs) share many
properties, including preferred tropism for T lymphocytes bear-
ing the CD4 (T4) antigen, similar modes of transmission and,
probably, African origin. They also differ significantly from each
other, forming two distinct groups. HTLV-I'*"*%, a transforming
virus, is the prototype of the first group. It causes adult T-cell
leukaemia (ATL) and appears to be involved in B-cell malignan-
cies and in central nervous system disease'™'®. This group also
includes HTLV-II"® and variants of HTLV-I?° which are associ-
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ated with T-cell malignancies different from ATL. Human
immune deficiency virus (HIV)?'***, also known as HTLV-III
or lymphadenopathy virus (LAV), a non-transforming virus, is
the prototype of the second group. It causes acquired immune
deficiency syndrome (AIDS) and nervous system disorders,
Recently, new members of this group of non-transforming
human retroviruses were isolated from individuals from different
countries of West Africa'™*. These isolates show major antigenic
characteristics that distinguish them from HIV, although they
retain many features in common'~, Remarkably, counterparts
of both groups of human retroviruses also exist in old-world
subhuman primates. They have been termed simian T-
lymphotropic virus-I and -III (STLV-I and -III). STLV-II,
related to HIV and even more closely to HTLV-IV'~® does not
appear to cause AIDS in its natural host, the African green
money or related species.

To test if the new non-transforming human retroviruses con-
tained a transactivating gene, we first cloned HTLV-IV;, LAV-
2pg and STLV-III g, LTRs by way of cDNA cloning. Several
independent clones containing 3'-LTR and sequences extending
upstream were characterized and sequenced. After this manu-
script was submitted, the sequences of the LTRs of HIV-2%,
HTLV-1V and STLV-III*® and the complete sequence of the
HIV-2 genome®’ were published. The sequences of our cDNA
clones of these viruses are very similar or identical to the pub-
lished reports. Differences of a few nucleotides, where observed,
probably reflect strain differences. As with Kornfeld et al®, we
find the sequences of HTLV-IV and STLV-III to be more than
95% homologous. This may reflect inter-species transmission
of the same or nearly identical virus(es). Cross-species trans-
mission of retroviruses can occur under certain circumstances.
For example, STLV-III infection of macaque monkeys may be
aresult of inter-species transmission from infected African green
or mangabey monkeys kept in close proximity®*=°. Similarly,
HIV can be transmitted to chimpanzees®' and HTLV-I to certain
monkeys®2. Kornfeld et al.>® have also noted that HTLV-IV and

STLV-III may not be independent virus isolates but result from |

transmission of the same virus to different cell cultures

maintained in the laboratory. This is possible but it is equally [

possible that the transmission occurred in nature. Future studies
with more human and simian virus isolates may clarify this issue,

For transactivation experiments, cloned HTLV-IVp, DNAs |

(V17 and V8) and LAV-2gs DNA (LV-2) were placed upstream
of the bacterial chloramphenicol acetyltransferase (CAT) gene
carried on a vector lacking promoter-enhancer sequences

(pSVOCat)*® and the resulting plasmids were termed pV17Cat,

pV8Cat and pLV2Cat. Two additional plasmids, pSV2Cat*® and

pC15Cat®? respectively contained SV40 promoter-enhancer and §

HTLV-III 3'-LTR linked to the CAT gene. The plasmid DNAs
were transfected into virus-infected and uninfected human HUT
78 cells by the DEAE-dextran protocol and transactivation of
the LTR-linked CAT gene was measured by conversion of

Table 1 Transactivation of HTLV-IV, LAV-2 and HTLV-III LTRs in virus-infected cells

% Conversion of chloramphenicol to acetylated forms

Regulatory
Plasmid elements HUT78* HTLV-IVp/HT*

pSV2Cat SV40 24+1.7 3.0+0.35
pSVOCat None 0.12+0.01 0.12£0.01
pC15Cat HTLV-III,. 0.43+0.3 114+19
pV17Cat HTLV-1V, 0.86+0.4 97.4+2.4
pV8Cat HTLV, 13£038 98.7+0.2
pLV2Cat LAV-2pq — 99.1
pV17Cat(nc)  HTLV-1V, 0.13+0.8 0.20.05

SBLV6669/HT*t LAV-2pg/HT* STLV-II,Gn/HT* HTLV-III,/H9*

0.7+0.6 9.5+1.0 4.5+3.8 1.3£03
0.14+0.03 0.16+0.02 0.15+£0.03 0.14£0.01
21.5+34.2 4.6 16.0+9.1 96+1.4
56.5+58.0 98.1+0.2 99.2 99+0.1
56.7+39.0 98.3 98.0£2.0 98+0.8
— 96.9 — 99.2

* -
Mean and st_andarq dfwlatlon for 2 to 4 transfection experiments, where shown.
T Rglat_lyely wide variation and/or lower values are probably related to the recent infection of the host cells by this virus. The general metabolism
and viability of the culture and the proportion of infected cells in the population may fluctuate during early periods.
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Fig.1 Activation of HTLV-IVpand  ~CC™

HTLV-III; LTR-linked cat gene in
a, uninfected HUT78 cells; b, cells
infected with HTLV-1Vp; ¢, with
SBLV-6669; d, with LAV-2; e, with
STLV-I11,6p and f, with HTLV-
1I15. Lanes 1-6 are for
pSV2Cat(SV40), pSVOCat(none),
pC15CatOHTLV-I111,), pV17Cat-
(HTLV-1V;), pV17bCat(HTLV-1V,)
and pV8Cat(HTLV-IVyp), respec-
tively. About 10x10° cells were
transfected by the DEAE-dextran
protocol and assays were performed
as described before!''% Cm, chlor-
amphenicol; AcCm, acetylated
chloramphenicol.

Cm

AcCm

Cm

chloramphenicol to its acetylated forms catalysed by the enzyme
in cellular extracts 44-48 h after transfection as previously
described®®. Representative results are shown in Fig. 1 and more
extensive data are presented in Table 1.

The HTLV-IVp and LAV-2zz LTRs contain promoter-
enhancer sequence elements, as expected. The CAT gene activity
in uninfected HUT78 cells transfected with plasmid DNA with
HTLV-1Vp LTR linked in correct orientation to the CAT gene
(for example, pV17Cat) was higher than that for the incorrect
orientation (for example, pV17Cat-nc) or for the control plasmid
lacking promoter-enhancer (pSVOCat; Fig. 1.). The CAT gene
activity under the control of HTLV-IVy LTR in HUT 78 cells
infected with HTLV-IVp, LAV-2zg and SBL-6669 and with
STLV-III 5y and HTLV-111g, was markedly elevated compared
to uninfected cells (Fig. 1, Table 1). Similar results were obtained
for LAV-2rc LTR. This indicates that the virus-infected cells
contain a factor(s) which acts in trans, amplifying the expression
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of the Cat gene linked to HTLV-IVp and LAV-2gg LTRs. HTLV-
IVp and LAV-2z5 LTRs responded to the transactivating factor
in cells infected with all three of the HTLV-IV; related viruses
as well as those infected with STLV-1I1,g and HTLV-11Ig.
These results suggest that (1) all new isolates (HTLV-IVp, LAV-
25 and SBL-6669) as well as STLV-III, g, contain a transac-
tivating gene, (2) their putative transactivating genes are struc-
turally and/ or functionally homologous, (3) their LTRs are also
structurally and/or functionally related and (4) the HTLV-IVp
putative transactivating gene is related to the similar gene in
HTLV-III,. The fact that HTLV-IVp and LAV-2gs LTRs are
transactivated equally well in cells infected with HTLV-IVp,
LAV-21:G, SBL—6669, STLV‘IIIAGM and HTLV-IIIB whereas
HTLV-III; LTR is more highly transactivated in cells infected
with HTLV-III; than other viruses indicates that HTLV-
IVp/LAV-2cc/SBL-6669/STLV-IIl sy transactivating genes
and LTRs are functionally more similar to each other than to
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s M M * * M M N M
HTLV-1V GOGACTTTCCACAAGGGGATGTTATG -~ GGGAG-AR=~CC-GETCGG6--==-==~ AACACCC---~ACTTTTCTTGATGTATARRTAT-CA-~CTGCATTT- GCTCTGTATTCAGTCG TC
STLY~IIT
LAV-2
HTLV-IIT GOOACTITCE-GCTERGGACTTT-COA-GOOAGECOTARECTGRECO00A cchacncchccacccCTcAcAchrccaiATAA-—cca--c éié&TTTTch ciéiicrcsé&éwéié
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* * * * * * * * * * * *
HTLV-IV TGCGGAGAGGCTGGCAGAT~TGAGCCCTGGGAGGTTCTCTCCAGCACTAGC - AGGTAGAGCCTGGGTGTTCCCTGCTAGACTCTCACCAGCRCTTGGCCAGTGCTGGGCAGAGTGGCTCCACG
STLV-IIT
LAV-2
HTLV-ITT
230 20 250 260
—_— * - .
HTLV-TV CTTGCT’!'GCTTMAGACCTCTTCAATAAAGCT-GCCATTTTAGAAGTA Fig. 2 Comparison of the sequence of HTLY IVp, STLV-II, 6,
LAV-2c; and HTLV-III; LTRs corresponding to the segments
STLV-III containing putative regulatory sequences and R region. The pro-
LAV-2 posed HTLV-IIIy tar sequence is underlined.
HTLV-11I
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Fig.3 Comparative activation of HTLV-IVp and HTLV-IIlz LTRs by HTLV-IV, and HTLV-IIl transactivating functions. Indicated number
of virus infected cells were transfected with 10 pg of LTR-Cat plasmid DNAs and the cells were processed to obtain 100 ul of cytoplasmic

extracts. Aliquots of 20 pl were used for cat assays'''?

and incubation was for 60 min. Lanes 1-4, HTLV-I1I-infected cells transfected with

pC15Cat; lanes 5-8, HTLV-IIlp-infected cells transfected with pV17Cat; lane 9-12, HTLV-IVp-infected cells transfected with pC15Cat; lanes
13-16, HTLV-1V} infected cells transfected with pV17Cat. 4 HTLV-IVg-infected cells transfected with pV17Cat; O, HTLV-11Ig-infected cells
transfected with pV17Cat; O, HTLV-IIIp-infected cells transfected with pC15Cat; O, HTLV-IVp-infected cells transfected with pC15Cat.

HTLV-III;. A specific sequence (TAR) in HTLV-IIIz LTR
responsible for optimal transactivation has been identified and
localized between 6 base pairs (bp) and 76 bp downstream of
the TATA box**3¢, Such a specific sequence in HTLV-IV; and
STLV-1I1 .60 LTRs must lie within 62 bp upstream and 202 bp
downstream of the TATA box. This is the only sequence con-
tained in the fully active clone V8. Furthermore, the LTR sequen-
ces of HTLV-1Vp/STLV-1l1,gm/LAV-2g and HTLV-III; can
be aligned such that they are about 65% homologous down-
stream of the TATA box in the proposed tar region of HTLV-111g
(Fig. 2). The overall homology in the regulatory region of the
LTRs of the new virus isolates is about 85-95%. Notably, the
putative enhancer element (GGGACTTTCC) is perfectly con-
served and the potential SP1 binding sites are also highly conser-
ved in HIV and HTLV-IVp/STLV-111,gn/ LAV-2g5. In addi-
tion, the sequences downstream of the TATA box in HTLV-
IVp/STLV-111,6m/LAV-2gg and HTLV-III contain imperfect
direct and indirect repeats which impart analogous structures
to these LTRs and to the transcripts originating therein.

Interestingly, HTLV-IVp and LAV-2g5 LTRs are equally well
transactivated in cells infected with HTLV-1Vp, LAV-2;s and
HTLV-III, whereas HTLV-III; is more transactivated in cells
infected with HTLV-IIIy than with HTLV-IVp or LAV-2gg
(Table 1). The differential response of HTLV-1I1; LTR in HTLV-
[IIg- and HTLV-IVp or LAV-2g¢-infected cells is unlikely to be
related to lack of tat gene function in HTLV-IVp- or LAV-2gs-
infected cells, HTLV-IV, and LAV-2zs LTRs are highly trans-
activated in HTLV-IVp- and LAV-2pg-infected cells. Further-
more, when the source of the tat gene function is varied by
using different numbers of cells for transfection, the differential
response of HTLV-III; LTR is maintained (Fig. 3). It may be
that the HTLV-IVp/LAV-2 LTR transactivator interaction has
abroader specificity than HTLV-I1I; LTR transactivator interac-
tion. Additionally, promoter-enhancer elements of HTLV-
IVp/LAV-2g; may be stronger than such elements in HTLV-II1,
allowing optimal transactivation even with heterologous HTLV-
IIlg transactivator.

Some results comparing transactivation of the HIV-2 (LAV-2)
and HIV-1 LTRs by the homologous and heterologous tat func-
tions were recently reported by Guyader et al?’. They also found
that whereas HIV-2 LTR responded highly to the tat function
of HIV-1 as well as to its own tat function, HIV-1 responded
better to its own tat function.

The cells infected with all four virus isolates of the West
African subgroup (HTLV-IV, LAV-2, SBL-6669 and STLV-III)
contain a factor that activates their LTRs in trans, indicating
that thesp viruses possess a functional transactivating gene. The
transactivating gene of HIV has been implicated in its
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pathobiology. As HTLV-IVp and STLV-1I1, gy may not always
be pathogenic in vivo, either their transactivating genes do not
function in vivo, an unlikely possibility, or this gene function is
not sufficient for pathogenicity. Host factors or other viral factors
directly or indirectly may modulate the potential pathogenic
role of the transactivating genes of these viruses. The interaction
between HTLV-IV/STLV-I1I/LAV-2 (HIV-2) LTRs and the fat
gene product apparently has broader specificity than the HTLV-
II1 (HIV) LTR: tat interaction.
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