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Karosrs sarcoma (KS) is frequently associated with human
immunodeficiency virus-1 (HIV-1) infection’. Supernatants from
HIV-1-infected T cells carrying the CD4 antigen promote the
growth of cells derived from KS lesions of AIDS patients (AIDS-
KS cells), and the HIV-1 tat gene, introduced into the germ line
of mice, induces skin lesions closely resembling KS°. Here we
report that the fat gene product (Tat) is released from both
HIV-1-acutely infected HY cells and rar-transfected COS-1 cells.
These Tat-containing supernatants specifically promote growth of
AIDS-KS cells which are inhibited by anti-Tat antibodies; recom-
binant Tat has the same growth-promoting properties. Therefore
a viral regulatory gene product can be released as a biologically
active protein agd directly act as.a growth stimulator. These and
previous data® indicate that extracellular Tat could be involved in
the development or progression, or both, of KS in HIV-1-infected
individuals.

We recently developed a system for the long-term culture of
spindle-like cells derived from K5 lesions of AIDS patients
{AIDS-KS cells)® dependent on conditioned media (CM)
derived from activated T cells carrying the CD4 antigen (ref. 2,
and B. Ensoli er al, manuscript in preparation) or HIV-1-
infected cells’. Morphological and immunchistochemical
studies indicated that ATDS-KS cells are of mesenchymal cell
origin and share features with endothelial and smooth muscle
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cells (ref. 4; and H. A. Welch, 5. Nakamura, S.23., R.C.G.
and J. Falkman, manuscript submitted), both potential pro-
genitors of the suspected tumour cells (spindle cells) of K5
Transplantation of AIDS-KS cells into nude mice produced
mouse lesions closely resembling KS*, probably by release of
specific cytokines with effects relevant to the histogenesis of KS
lesions, including necangiogenesis (refs 4, 8, 9; and E. W,
Thompson ef al, manuscript submitted). The presence of KS-
growth promoting activity in CM from HIV-infecied CD4™ T
cells, the ahsence of HIV-1 seguences in DNA from KS tissue
or cultured cells*™ and the observation that transgenic mice
carrying the rar gene develop KS-like lesions and express tat
in the skin but not in the tumour cells®, indicate that the role
of HIV-1 in KS§ is indirect, and that Tat itself might be released
by infected cells and promote activation and growth of target
cells involved in the formation of K5,

Ta test this hypothesis, we examined the effect on growth of
CM from HIV-l-infected T cells (H9)"™ on AIDS-KS cells
{AIDS-K53 cell clone)™**, and on normal control cells (human
umbilical vein endothelial cells, H-UVE; and human newhorn
aortic smooth muscle cells, H-ASM), HO-HIV-1-derived CM,
but not H9 CM, specifically stimulated AIDS-KS cell prolifer-
ation but had no effect on H-UVE or H-ASM growth after 6
days of culture (Fig. la), or in prolonged assays (2 weeks) (data
not shown). The average stimulation of AIDS-KS cell growth
(5-6 days assay) was 2.0-fald (1.7- to 3.3-fold) for HIV-1 CM
as compared to 2.5-fold (1.9- to 3.6-fold) with the positive control
(CM from human T-lymphotrophic virus-1I (HTLV-II)-trans-
formed CD4 T cells)’. The variability observed in different
experiments was related to cell passage number and the level
of basal cell growth.

The proliferation of AIDS-KS cells stimulated by H9-HIV-1
CM was specifically inhibited by anti-Tat antibodies, whereas
there was no reduction of cell growth for control media or
positive control (Fig. 15). This indicates that Tat is responsible
for the growth effect present in CM from HIV-l-infected HY
cells, implying that Tat is relcased into the extracellular Auid.

Using radicimmunoprecipitation analysis (RIPA) with
affinity-purified anti-Tat antibodies, we detected a distinet band
of the same apparent relative molecular mass (M) as intracel-
lular Tat (M. 15,000: 15K)'" in CM from H9-HIV-1-acutely
infected cells (Fig. lc). Extracellular Tat was detectable 8-16
days after cell-free infection of HY cells, and its presence corre-
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FIG. 3 Specific growth response of AIDS-KS3 cells to recombinant Tat. &
Growth response of AIDS-KS3 and control cells to recominant Tat proteins
or to recombinant control proteins (gplE0 and Nef). BAC-TAT and BAC-160,
baculgvirus-derived Tat and gpl60 proteins at 1 ng mi~* . EC-TAT and EC.MNEF,
E coff-derived Tat and Mef proteins at 10ng mi~*. &, e Block of AIDS-KS
cell growth response to EC-TAT (b) or BAC-TAT proteins (c) by anti.Tat
antinodies. W, EC-TAT at the final concentration of 10 ng mi~; @ SAC.TAT
at the final concentration of 1 ng ml % O, media alore without CM: A, A,
HTLV-ll-gerived CM (1:16).

METHODS. a BAC-TAT and BAC-160 were expressed in the baculovinus
system (Repligen] {~5% of total protein content); EC-TAT and EC.NEF were
expressed in the £ coli system (Repligen) |~ 10% of total pratein content)
OTT {5 mM) was added to the stock protein preparations to prevent oxidation
and equivalent dilutions of the same compound were also added to the
positive and negative controls. Proteins and media were replaced on day 3
The cell number was determined on day 6 and expressed as fold increase
compared with the values of basal cell growth (media alone, onefold), The
positive controls gave a twofold increase for AIDS-KS3 cells (HTLV-I CM)
and 2.05-fold for M-UVE cells {ECGS and heparin), respectively. Results shown
are the average of experiments repeated five times at the same conditions
for AIDS-KS3 cells (s.d. values<-5%] and twice for H-UVE cells and H-ASM
cells, A similar growth response was also obtained with AIDS-KS1 cells. ar
after 21 days of assay for all cell types, Activity of both recombinant Tat
proteins (10 wg! was tested on Hela cells carrying the HIV-1 LTR-linked
chioramphenicol acetyltransferase (CAT) gere or by transient transfections
and quantified by CAT assays as previously shown®® The recombinant
proteins were also tested by western blot analysis. The range of activity in
inducing AIDS-KS cell proliferation was 0.5-10 ng per mi final total protein
concentration for BAC-TAT with a peak between 1 and 5 ng mi t and
1-20ngmi™* for EC-TAT with a peak between 5 and 10 ng mi~. Some
variability in dose response was observed, generally dependent on BRINE.
storage of proteins and cell culture conditions. Loss of activity is probably
due to oxidation of Tat*®, All the protein preparations were negative for
endotoxin {<0.0001 pg el *). b & AIDS-KS3 cells were plated at 1 = 10°
per 25.cm? flask (B) or at 5% 10" per 25.cm” flask (¢). Anti-Tat serum
raised against a Tat synthetic peptide was used for EC-TAT, whereas anti-Tat
affinity-purified antibodies were preincubated with BAC-TAT. Cell number
was determined on day 6. The experiments were repeated twice for each
protein preparation. For BAC-TAT, other antibody preparations were also
used.

FiG. 3 Role af Tat m growth response of AIDS-HS cells to Tat-transfected COS cells
: of AIDE-KS cells, HUWVE and H-ASM celis to CM from C05.1 cells
rranglectied with 8 far-eapressing vector (COS-TAT). CM diluted 1:16. b Specific block
of AID5-KS coll growth response 1o COS-TAT-gerived CM by anti Tal antiserum. @
COS-TAT-derived OM (1 :16) O media alone withaut CWV; &, HTLV-N.derived CM [1:16)
& R#PA of Tat present n cell extract and supernatant fram COS-TAT transfected ang
metabolically |abefled cells, and compatilion a af extracellular Tar, Lames 1 amgd 2
call extract and supernatanl Trom COS-TAT cells: lanes 3 andd 4 el extract and
SUEEIN; ¢ irgem DOGS-CR Cells, respectively, precipatated with anti-Tal antiserum; lanes
S and 6. supernala from COS.TAT celts precipitated with anti-Tat antiserum, before
lane 5l @nd after llane 6) prelncubation of the antiserum with recombinant purifeed
Tan The arrows indicale the Tat products. o RIPA of Tat in COS-TAT-transfected cells
Lares 1 and 3. cell eatracts: lanes 2 and 4, supernatants from COS.TAT. and CO5-CR.
clid cells, respectively, precipitated with affinity-purified anti-Tal antibodies
005, & Cells were plated (AIDS-KS3, 5 =10% HUVE cells, 5 =10 per 25cm’
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lated with the time of optimal CM growth-promoting effect and
with positive blocking effect by anti-Tat antibodies.

To study the proliferative effect induced by Tat and to avoid
cell death commonly observed during HIV-1 infection of T cells,
we examined the growth-promoting activity in CM of COS-1

cells transfected with rar-expressing plasmid (COS-TAT)
(Fig. 2a). Specific stimulation of AIDS-KS, but not of H-UVE
or H-ASM, cell growth by COS-TAT CM could be reproducibly
observed, even in longer assays (2 weeks), and specifically
blocked by several anti-Tat sera (Fig. 2b). The same antibodies
also detected Tat in both cell extracts and CM of metabolically
labelled COS-TAT cells (Fig. 2, ¢ and d). Two protein species
(M.~ 14K and 16 K) were sometimes detected with several
antibodies ( Fig. 2¢), and both bands were completely competed-
out by purified recombinant Tat (Fig. 2¢, lane 5). The doublet
may correspond to the two forms of Tat expressed from spliced
and unspliced messenger RNA'%

We next tested the growth effects of recombinant Tat
expressed in baculovirus (BAC-TAT) and in Escherichia coli
(EC-TAT) on AIDS-KS cells and control cells. Both BAC-TAT
and EC-TAT induced AIDS-KS cell proliferation, but not
growth of control cells (for up to 3 weeks). The optimal con-
centrations were lngml™' (BAC-TAT) and 10ngml™" (EC-
TAT) Fig.3a). The same concentrations of baculovirus-
expressed gple0 and E. coli-expressed Nel protein failed to
induce AIDS-KS cell growth or growth of control cells. In these
experiments there was a 1.7-fold increase of AIDS-KS cell
number with Tat, and a 2-fold increase with the positive control.
In several other experiments, greater stimulation was observed,
and the ability of both Tat preparations to induce AIDS-KS
cell proliferation was specifically neutralized by preincubation
with several andi-Tat sera (Fig. 30 and c). Because AIDS-KS
cells are primary cell cultures of mesenchymal origin and cells
of comparable orgin (endothelial and smooth muscle cells)
normally do not proliferate in vive and need particular condi-
tions to grow in vitre (cell culture system and growth factors),
the reproducible (about twofald) stimulation ni AIDS-KS u.,]l.\
by Tat seems to be significant.

These in vitro data show that Tat may provide the primary
growth stimulus to AIDS-KS cells, and may have a role in vivo
in the pathogenesis of HIV-1-associated K35. This does not rule
out contribution by other factors at different stages of infection
and disease development. Because normal endothelial and
smooth muscle cells are not responsive to Tat, the normal KS
cell progenitor may reguire a previous or simultaneous "priming’
event, or both, before becoming Tat-responsive. Alternatively,
4 different subtype of ¢ndothelial or smooth muscle cells, not
available at present For in virro study, may be the progenitor of
K5 spindle cells.

The mechanisms by which Tat is released and promotes

growth are unknown. Because cell death is minimal both after
infection of H9 celis and in Tat-transfected COS cells, release
of Tat is unlikely to be due to cell death. Tat may be a member
of the class of proteins that, although lacking a classical signal
peptide, are released by cells through an unknown mechanismis)
{interleukin-1a and -18 (refs 13, 14), platelet-derived endo-
thelial cell growth factor'® and basic and acid fibroblast growth
factors'™""). Similar to the effects of Tat on AIDS-KS cells, all
these cytokines induce their effects on target cells at very low
doses (pg-ng).

Exogenous Tat can be taken up by cultured cells, localizes
in the nucleus'”® and can depress antigen-mediated T-cell activa-
tion response'”, further indicating a role of exogenous Tat in
cellular functions. But the amount of Tat necessary for biological
effects {ug) is several times that necessary for the growth-
promoting effect'™", indicating that in vive growth stimulation
of some mesenchymal target-cells by Tat may be more biologi-
cally relevant.

Our present results show that a viral regulatory gene product
can be released as a biologically active protein and directly act
as a growth stimulator for cells derived from K5 lesions of AIDS
patients. Although our in vitro data do not definitively establish
a general mechanism for the in vive genesis of K5, these and
previous results’ indicate that, by inducing AIDS-KS cell pro-
liferation, Tat may contribute to the induction or progression,
or both, of KS in HIV-1-infected individuals, thus repreqentmb
one of the links between HIV-1 infection and KS.
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