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Previous studies indicated that the Tat protein of HIV functions as a progression factor in Kaposi's sarcoma (KS), an angiopro-
liferative disease common and aggressive in HIV-1-infected individuals (AIDS-KS). In particular, Tat that is released by infected
cells stimulates the growth and invasion of spindle cells of endothelial origin derived from KS lesions (KS cells). Other work
suggested that inflammatory cytokines may act as initiating factors in KS since they induce normal endothelial cells to acquire the
same phenotype and functional features of KS cells, including the responsiveness to Tat. In this study, we show that among the
inflammatory cytokines increased in AIDS-KS lesions, IFNy alone is sufficient to induce endothelial cells to proliferate and to
invade the extracellular matrix in response to Tat. This is because IFNy up-regulates the expression and activity of the receptors
for Tat identified as the integrins asB, and «, 5. These results suggest that, by triggering Tat effects, IFNe plays a major role

in AIDS-KS pathogenesis. The Journal of Immunology,1999, 162: 1165-1170.

cular origin that is more frequent and aggressive in HIV- in all forms of KS (22, 23).

l-infected homosexual men (AIDS-KS) as compared IC induce endothelial cells to acquire the phenotypic and
with classical KS, which is rare and indolent (1-3). In early stagesfunctional features of KS spindle cells. These include the spin-
KS is characterized by endothelial cell activation and proliferation,dle cell morphology; the down-regulation of factor Vlll-related
angiogenesis, and inflammatory cell infiltration (4-9). This is fol- Ag expression; and the up-regulation of ICAM-1, VCAM-1,
lowed by the appearance of the typical spindle-shaped cells (Kand endothelial leukocyte adhesion molecule-1 (ELAM-1) ex-
cells) that represent a heterogeneous population dominated by agression (9, 24—26). In addition, similar to KS cells, endothelial
tivated endothelial cells, which in time become the predominantg|is activated by IC become angiogenic in nude mice (9, 25—

cell phenotype (5, 8-13). 27). This is because IC induce production and release of basic

Previous studies indicated that, at least in early stages, KS is g, oplast growth factor (bFGF), an angiogenic factor that is
cytokine-mediated disease and that inflammatory cytokines (IC)..ighly expressed in all forms of KS (9, 25-31). bFGF, in turn

and angiogenic factors cooperate in its induction (reviewed in Refsynergizes with vascular endothelial growth factor, also ex-

14). Specifically, IC such as IFN; TNF, IL-1, IL-6, and others pressed in KS, to induce angiogenesis, vascular permeability,

are increased in patients with all forms of KS and in individuals at . . .
high risk of KS (15-21). In these patients, IC are produced byand edema (32, 33), the typical histologic features of KS. How

activated PBMC and by tissue-infiltrating CD8T cells and ever, §|nce these fmdmgs.are common .to all forms of KS, the
monocytes/macrophages (8, 9), perhaps in response to (or amphj_ata did not explain the higher aggressiveness of AIDS-KS as
o compared with the other forms of KS.

Other data indicated that the Tat protein of HIV-1 may act as a
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tioned media. adhesion of KS cells and IC-activated endothelial cells (38, 42, and

K aposi's sarcoma (K8)is a proliferative disease of vas- fied by) human herpesvirus-8 (8, 9, 14), a new virus that is found
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Barillari et al?). Thus, Tat mimics the action of extracellular ma- (PBS/0.1% BSA, negative control) anduLi of [3H]thymidine (New En-

trix molecules such as fibronectin (FN) and vitronectin that bind togland Nuclear, Boston, MA) were added to the cells. Cells were harvested
the same receptors (38). These mechanisms are likely to be Opezairf_tbeertzzcghﬁ?eci the cpm of the incorporated precursor was determined with
ative in vivo since bFGF and Tat are both present in AIDS-KS '

lesions and Tat co-stains wifhy and 35 integrins on resident ves- Invasion assays with Tat

sels and spindle C_e"S (41). . Cytokine-treated or untreated HUVEC were trypsinized, washed with tryp-
These observations suggested that cytokines produced by actim innibitors, resuspended in DMEM/0.01% BSA, and placed &t 20°

vated immune cells may predispose to KS development and praeells/200ul in the upper compartment of Biocoat invasion chambers (Col-

gression by providing initial signals required for KS lesion forma- laborative Biomedical Products, Bedford, MA). Tat (20 ng/ml) or Tat re-

: P o : suspension buffer (PBS/0.1% BSA, negative control) was placed in the
tion. However, nothing is known about the specific cytokines that,IOWer compartment of the chambers diluted in 500f DMEM/0.01%

by up-regulatingesp, and «,B; expression, induce endothelial gsa Assays were conducted in duplicate chambers at 37°C in 53O

cells to invade and proliferate in response to the HIV-1 Tat proteins h, as previously described (39). After incubation, noninvaded cells
Previous data indicated that IFis the earliest and most abun- (present on the upper surface of the filters) were removed, and invaded

dant IC produced in blood or tissues of patients with all forms ofcells (present on the lower surface of the filters) were fixed in ethanol,

KS (8. 9. 16. 43—45). In this stud h that | t stained with toluidine blue and with hematoxylin-eosin, and quantitated by

( 7 P ). In this stu Y’ Wwe s (_)W a F”Na con- . light microscopy by counting five fields/filter.
centrations similar to those found in HIV-1-infected individuals, is
sufficient to induce endothelial cells to become responsive to thé&elatin zymography

mitogenic and invasive effects of extracellular Tat. Cytokine-treated or untreated HUVEC were grown for 24 h in RPMI/

. 0.05% BSA in the absence or presence of Tat (20 ng/ml). Supernatants
Materials and Methods were then collected and concentrated by Centricon-10 (Amicon, Beverly,
HIV-1 Tat protein MA). Protein concentration was determined with the Bradford assay (Bio-

Rad) by using BSA as a standard. Two micrograms of proteins were diluted
rHIV-1 Tat protein (from the IlIB isolate) was expressedHEscherichia into the sample buffer (0.4 M Tris, pH 6.8, 5% SDS, 20% glycerol, 0.03%
coli and isolated by either successive rounds of HPLC and ion-exchangBromophenol blue) and run onto 9% polyacrylamide gels containing SDS
chromatography (34, 35) or by heparin-affinity chromatography (36). Anal-and embedded with 1 mg/ml gelatin. After electrophoresis, gels were in-
ysis of purified Tat by silver staining (Bio-Rad, Hercules, CA) and SDS- cubated fo 1 h in2.5% Triton X-100 and for an additional 18 h in low salt
PAGE indicated the protein to be more than 95% pure. Protein preparationsollagenase buffer (50 mM Tris, pH 7.5, 200 mM NaCl, 5 mM Ca@hd
were negative for endotoxin<(0.0001 pgil ~%). Tat protein was then ly-  0.02% Brij-35). Gels were then stained with 2.5% Coomassie blue G-250
ophilized in small aliquots and resuspended at the moment of the assay #ind destained in 30% methanol/10% acetic acid to reveal zones of lysis
degassed buffer (PBS/0.1% BSA) in ice and in the dark. These proceduregithin the gelatin matrix (47). To quantitatively compare the lysis signals,
are required to prevent the oxidation of the protein, which leads to the losshe gels were analyzed with a densitometer (GS-700 Imaging; Bio-Rad), as
of its biologic activities (34-39). To avoid Tat sticking to surfaces, the described previously (47).
plasticware was rinsed in PBS/0.1% BSA. Purified Tat was tested for its
biologic activity by transactivation of HIV-1 long-terminal repeat (LTR)- Immunostaining of cells
directed gene expression, rescudatfdefective HIV proviruses, and KS ) . )
cell growth assay, as described elsewhere (34—39). The biologic effects &fytokine-treated or untreated HUVEC were trypsinized, washed with tryp-
Tat were blocked by heat inactivation of the protein or by anti-Tat affinity- SIn inhibitors, resuspended ab510° cells in 100ul PBS/0.1% BSA, and
purified Abs, as reported previously (34-39). incubated for 30 min in ice with antis, anti-,;, anti-,, or antifis mAp
(AMAC, Westbrook, ME) followed by incubation for 30 min in ice with
Cell cultures, preparation of conditioned media from T cells, goat anti-mouse FITC-conjugated Abs (Becton Dickinson, San Jose, CA),
and blocking experiments and fixed in 1% paraformaldehyde. All steps were separated by washes in
PBS/0.1% BSA. The relative amount of cell surface fluorescence was
HUVEC (passage 5-10) were established and cultured as previously deuantitated by flow cytometry with log amplification utilizing a FACS
scribed (28, 46). T cell-conditioned media (TCM) were prepared from(Becton Dickinson).
human T-lymphotropic virus type ll-infected/transformed (nonvirus-pro-
ducing) CD4' T cells, as previously described (25, 37-39, 46). These cellsAdhesion assays
behave as activated immune cells, and TCM contain the same cytokines . )
increased in blood and lesions of KS patients (25, 37-39). The averagkWelve-well plates (Costar) were coated f h at37°C with Tat (10
concentration of these cytokines in different TCM preparations, as deterstd/m!) or human FN (Jug/ml) (Sigma). Plates were then incubated for 30
mined by ELISA, is: IL-dv (0.5 ng/ml), IL-13 (5 ng/ml), IL-2 (0.3 ng/ml), min with PBS/1% BSA to saturate nonspecmc binding sites. HUVEC (sys-
IL-6 (35 ng/ml), TNFa (2 ng/ml), TNF8 (50 pg/ml), GM-CSF (0.4 ng/ p(_en_ded at 5¢< 10“/m| in serum-free rone(_jlum) were added to the wells (in
ml), oncostatin M (OM) (0.5-1 ng/ml), and IFN{150 pg/ml, correspond- triplicate) and |n_cubated fal h at37°C in a 5% CQ a_tmosphere. Plates
ing to 3—4 U/ml of the rIFNy utilized in these experiments). Cytokine Were washed Wlth PB_S, and adherent cells ‘Wwere flxe(_j W|th_3% parafor-
treatment was performed by culturing HUVEC for 5 to 6 days in the pres-Taldehyde, stained with Giemsa, and quantitated by light microscopy by
ence of TCM or human recombinant cytokines, alone or combined togethefPuUnting six high-power fields/well, as described (48).
at the same concentrations as found in TCM. All recombinant cytokines
were purchased from Boehringer Mannheim (Indianapolis, IN), except forResults
OMF, WEiChk\{VaS purchase? b¥§§D Systems ('\gintnz&;m"lsz, r':/l(N)- - IFN-v is necessary and sufficient to induce endothelial cells to
or blocking experiments, were preincubated for on rotation ;
at 4°C) with 20g/ml of neutralizing anti-human IFN-mAbs (R & D become responsive to the growth effect of Tat
Systems) before being added to the cells. The Ab resuspension buffdS spindle cells proliferate in response to extracellular HIV-1 Tat

(PBS/0.1% BSA) was employed as control. protein (34, 35). After a few days of exposure to TCM, normal
Proliferative assays with the HIV-1 Tat protein endothelial cells also become responsive to Tat (37). Several of the

Cytokine-treated or untreated HUVEC were seededatlD® cells/well in cytokines Colntameddm TdC'\S’ IncludlngfIL-l, IL_(.S’ TNF, %M’ and
96-well plates (Costar, Cambridge, MA) coated with gelatin (Sigma, st./FN-7, are also produced by PBMC of KS patients or by mono-
Louis, MO). After 18-22 h, Tat (10 ng/ml) or the protein dilution bufier nuclear cells infiltrating KS tissues (8, 9, 49-51).

To identify the IC responsible for the induction of the endothe-
4 G. Barillari, C. Sgadari, V. Fiorelli, F. Samaniego, S. Colombini, V. Manzari, A. lial cell _responswene_ss to Tat, EXpenments were performEd by
Modesti, B. C. Nair, A. Cafaro, and B. Ensoli. The basic and the arginine-glycine-pretreating HUVEC with IL-1 & andg), IL-2, IL-6, TNF (« and
aspartic acid region of the human immunodeficiency virus type-1 Tat protein promoteﬁ)’ GM-CSF, OM, or |FN7, and by monitoring cell growth after
growth and locomotion of Kaposi's sarcoma and endothelial cells by retrieving he- . .
parin-bound basic fibroblast growth factor and by engagingtifa and «, 35 inte- the addition of Tat. HUVEC activated by TCM were used as the

grins. Submitted for publication. positive control (37-39).
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FIGURE 1. Induction of HUVEC growth response to Tat by IFN-A, HUVEC were cultured for 5 to 6 days in medium without growth supplements
(CR) or with 1 ng/ml OM, 5 ng/ml each of ILd.and IL-18, 2 ng/ml TNF« and 0.5 ng/ml TNF3, or 1C¢* U/ml of IFN-y. B, HUVEC were cultured for

5 to 6 days in medium without growth supplements (CR), with increasing concentrations gfdFiNith TCM preincubated or not with 20g/ml of mAbs
directed against IFN(anti-IFN-y). C, HUVEC were cultured for 5 to 6 days in medium without growth supplements (CR), with the C@ (D-3 ng/ml),

IL-18 (5 ng/ml), IL-2 (0.5 ng/ml), IL-6 (35 ng/ml), TNFe (2 ng/ml), TNF8 (50 pg/ml), GM-CSF (0.4 ng/ml), OM (0.5 ng/ml) in the presence or absence

of IFN-y (4 U/ml), or with combined IL-B (5 ng/ml), TNF« (2 ng/ml), and IFNy (4 U/ml). In all of the experiments, TCM was used as the positive
control (37-39). Cytokine-treated or untreated HUVEC were then stimulated to proliferate with 10 ng/ml of Tat. Cell proliferation was evalukztied 72 h

by [*H]thymidine incorporation, as described Materials and MethodsResults are expressed as the percentage increase of thymidine incorporation
induced by Tat £SD) over the basal levels, assumed as 0% increase. Precultivation with IC at the concentrations reported above did not affect HUVE
basal growth (except for IFN-at 1(-10° U/ml, which inhibited it). Results were also reproduced by the cell count method (data not shown).

Among these IC, only IFNy was capable of inducing endothe- (Fig. 2). Consistent with this result, Tat stimulated |RMreated
lial cell to grow in response to Tat (FigAL This was dose de- HUVEC to synthesize and to release MMP-2 and MMP-9 (see
pendent, increasing at higher concentrations of K-KFig. 1B). legend to Fig. 2), two enzymes that degrade the basement mem-
Consistent with these results, Abs directed against{Rhhibited brane and confer invasive properties to cells during angiogenesis
the capability of TCM of inducing endothelial cell growth in re- or tumor growth (53). These data indicated that Il also suf-
sponse to Tat (Fig.B). ficient to induce normal endothelial cells to acquire invasive prop-

To confirm these findings, HUVEC were exposed to the sameerties in response to Tat. In addition, as found for Tat-promoted
combination of cytokines (combined cytokines (CC)) contained inendothelial cell growth, IL-B and TNF« lowered the amount of
TCM, in the presence or absence of IFNA growth response to  IFN-vy required to induce endothelial cell invasiveness and MMP-2
Tat was observed only after cell exposure to CC containing#N- and MMP-9 release in response to extracellular Tat (Fig. 2).

(Fig. 1C). In addition, the preincubation of the cells with combined ) ) o
IL-18, TNF-a, and IFN+y lowered the amount of IFN-required IFN-y up-regulates the expression and adhesive activity of the
to induce HUVEC responsiveness to Tat. Under these conditions¥sB1 and .85 integrins that function as the receptors for Tat
cell growth to Tat was observed at low concentrations of FN-  Previous studies indicated that the effects of Tat on vascular
that were similar to those found in TCM or in HIV-1-infected cells are mediated by theg3, and «,B5 integrins (38). These
individuals (16) (Fig. T). These data indicated that IFjis nec-  receptors are highly expressed by cultured AIDS-KS cells and by
essary and sufficient to induce normal endothelial cells to prolif-vessels and spindle cells of primary AIDS-KS lesions (38, 41), and
erate in response to Tat. In addition, although little or no prolif- they mediate Tat-promoted migration and invasion of KS and IC-
erative response to Tat is observed after exposure of HUVEC tactivated endothelial cells (42, and Barillari et al., submitted).
either IL-1 or TNF alone or combined, these cytokines enhancavioreover, binding of Tat tax8; and «, 85 provides endothelial
IFN-y action most likely because they can augment H-N- cells with the adhesion signal required by the cells to respond to
receptors (52). angiogenic stimuli (41, and Barillari et al., submitted). In fact, the

) o ) ) addition of bFGF to endothelial cells plated on Tat promotes a
IFN-y is necessary and sufficient to induce endothelial cells to o jierative response much higher than that observed with cells
become responsive to the invasive effects of extracellular Tat plated on gelatin or BSA and similar to that observed with FN-
and to produce the matrix metalloprotease (MMP)-2 and -9 coated plates (41).

Tat also induces KS and activated endothelial cells to migrate The expression aks, anda, B3 integrins is up-regulated by IC
and to degrade and traverse the basement membrane (invasiam)bFGF (54, 55), and this is simultaneous with the acquisition of
(39). To determine whether IFN-is capable of inducing endo- the cell responsiveness to Tat (9, 25, 37, 41). As shown in Table
thelial cells to become responsive to these effects of Tat, experil, exposure of endothelial cells to IFjincreased the levels ofg
ments were performed by using invasion chambers with filtergby 60%), 3, (by 63%),«, (by 25%), andB; (by 79%), as com-
coated with Matrigel, a reconstituted basement membrane that prgared with control cells. The expression @{3, and «,8; was
vents the invasion of noninvasive cells (39). As found for TCM, augmented by IFNy at the levels induced by TCM that was em-
exposure to rIFNy increased (by 70—90%) the number of endo- ployed as the positive control (37—-39). Thus, IFNnhances the
thelial cells invading the basement membrane in response to Taxpression of the Tat receptors. This explains why H-&lone is



1168 IFN<y INDUCES ENDOTHELIAL CELL RESPONSIVENESS TO HIV-1 Tat

S 2 5- 5
= ©
= + § 4 - 4 4
) T 3 = i
= = = = .
z = Z 5
T g f g 3 3
£y = = s £
o~ . r4 [ E
. 8 = E =2 & 3 2 2
§ 120 S
.E 100 4 1+e= 1
2 g
2 Tat FN
?3 40 FIGURE 3. IFN-y combined with IL-18 and TNFe« enhances HUVEC
§ 20 adhesion onto immobilized Tat or FN. HUVEC were cultured for 5 to 6
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= ‘ ‘ Tat ' ' ‘ TNF-a, and IFN+y (black bars) combined together at the same concentra-
a

tions, as described in Fig. 2. Adhesion assays were performed as described
FIGURE 2. Induction of HUVEC invasion to Tat by IFNx HUVEC in Materials and MethodsThe number of adherent cells is expressed as
were cultured for 5 to 6 days in medium without growth supplements (CR),fold increase of cell adhesion (average from three experimentD) to

with IL-18 (5ng/ml) and TNFe (2ng/ml), with IFN-y alone (18 U/ml), or immobilized Tat (10ng) or FN (1 ng) as compared with Tat and FN
combined (at 4 U/ml) with IL-B (5 ng/ml) and TNFe (2 ng/ml). TCM resuspension buffer (PBS/0.1% BSA), which did not induce cell adhesion
was used as the positive control (37-39). Invasion experiments were peand was given a value of onefold.

formed with Tat (20 ng/ml) by using Biocoat invasion chambers, as de-

scribed inMaterials and MethodsShown are the average resultsD)

from three independent experiments, each performed in duplicate cham-

bers. They are expressed as the percentage increase of invaded cells over .

the number of cells invaded in response to Tat dilution buffer 1@ DISCUSSION

ceII;/fieId), assumed as 0% incr(_ease. Precultivation with IQ at thg concengeyerg| reports have suggested that IC may act as initiating factors
trations reported above slightly increased HUVEC capability of |nvad|ngiq KS. IL-1, IL-6, TNF, and IFN« are increased in HIV-1-infected

the basement membrane in the absence of Tat as compared with contrgl .. . . . .
cells (data not shown). MMP-2 activity in supernatants from control cellslndlwduals‘ are produced at high levels by PBMC of patients with

was 1.35 OD/mrh by gelatin zymography. In the presence of Tat (20 KS, an.d are expre§sed in KS lesions (8, 9, 15-21, 43-45, 49-51).
ng/ml), this value increased to 1.5 and 2.11 OD/imsupernatants from N particular, IFN=y is expressed by CDBT cells and by CD14
HUVEC treated with IFNy alone (100 U/ml) or with combined IFN-(4 ~ or CD68" macrophages infiltrating early AIDS-KS and classical
U/ml), IL-18 (5 ng/ml), and TNFe (2 ng/ml), respectively. These same KS lesions (8, 9). This is associated with endothelial cell activa-
supernatants showed a MMP-9 activity value of 1.09 ODfmwhich  tion, as indicated by the expression of HLA-DR and ELAM by
raised to 1.29 OD/m#in supernatants from HUVEC treated with IFN-  yessels and spindle cells of KS lesions (9, 41). Interestingly, ¥FN-
(100 U/ml) and Tat and to 1.35 OD/nfnin supernatants from HUVEC oy hression appears to precede the detection of human herpesvirus-
treated with combln_e'd IFN- (4 U/ml), IL-1B8 (5 ng/ml), and TNF« (2 8-specific sequences in the lesions (8, 9).
ng/mi) after the addition of Tat. Recent studies from our group have shown that among the IC
present in TCM, IFNy induces normal endothelial cells to acquire
sufficient to induce endothelial cells to become responsive to th@henotypic features of KS cells such as the typical spindle mor-
mitogenic and invasive effects of extracellular Tat. Again, |g-1 phology; the induction of VCAM-1, ICAM-1, and ELAM-1 ex-
and TNFe enhanced the effect of IFN-on endothelial cell ex- pression; the down-regulation of factor Vlll-related Ag and EN-4
pression of bothv,3; anda, B5. In addition, the up-regulation of expression; and the angiogenic phenotype (9).
integrin expression induced by IC was accompanied by an increase In this study, we have shown that IFNinduces normal endothe-
in the function of these receptors. In fact, II3;1TNF-o, and lial cells to proliferate, to migrate, and to invade the basement mem-
IFN-y combined together at concentrations as found in TCM augbrane in response to Tat (Figs. 1 and 2). |B-4&nd TNFe, other
mented (by 45%) HUVEC adhesion to FN, a ligand for these in-cytokines expressed in AIDS-KS lesions, enhance these effects most
tegrins, and induced the cells to adhere to Tat (Fig. 3). likely by increasing the expression of IFNreceptors (52).

Table I. Enhanced expression o3, and a,3; (Tat receptors) in HUVEC by IFN#

IFN-y cc TCM-
Ab Specificity HUVEC HUVECP HUVECP HUVEC*
CDw49e FN receptow; chain 60+ 12 96+ 3 82 (= 6) 78+ 2
CD29 FN receptop; chain 48+ 15 78+ 16 67 (* 2) 62+ 20
CD51 VN receptory, chain 61+ 14 76+ 3 90 (= 12) 89+ 6
CD61 VN receptorB; chain 19+ 4 34+ 4 30 (*3) 48+ 5

2HUVEC; untreated HUVEC; IFNy-HUVEC; HUVEC treated with IFNy; CC-HUVEC; HUVEC treated with combined
IL-18, TNF-o, and IFN<; TCM-HUVEC; HUVEC treated with TCM. HUVEC were cultured in medium without growth
supplements or treated for 5-6 days with recombinant-4H4e® U/ml), with combined IL-B8 (5 ng/ml), TNF« (2 ng/ml), and
IFN-y (4 U/ml) or with TCM that was employed as the positive control (37-39). Cells were then stained by FACS analysis as
described inMaterials and MethodsResults are expressed as percentage of positive cells (average from three independent
experiments;t SD).

b Percentage of positive cells
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The induction of the Tat cell responsiveness by Il asso-
ciated with the up-regulation of thesB, and «, 35 integrin ex-
pression and activity (Table | and Fig. 3). As IC also promote
bFGF expression and release (26, 27, 30), it is likely that integrin
up-regulation by IC is mediated by both direct and indirect (bFGF-l
mediated) effects. ThegB; and «, B; integrins function as the
receptors for Tat (38, 41, 42, and Barillari et 3l.,The involve-

ment of the interaction between the RGD region of Tat and thesé®™

integrins in Tat-promoted cellular growth is consistent with the
fact thatasB, (which binds the RGD region of both Tat and FN)
mediates FN-promoted cellular growth (56).

In addition, the activation of metalloproteases expression and
the induction of endothelial cell invasion by Tat are likely to occur
through integrin engagement. This hypothesis is in agreement wit
results obtained by others with RGD-containing proteins such as
FN or vitronectin (57), and with the finding that Tat activates
members of the focal adhesion kinase family that have a funda-
mental role in cellular locomotion and that are induced by integrin
triggering (58).

Inoculation of KS spindle cells and TCM-treated endothelial 19

cells in nude mice induces the development of vascular lesions of
mouse cell origin closely resembling early KS (27, 31, 41, 59).
Similarly, when normal endothelial cells are treated with IfFN-
they acquire the capability of promoting KS-like lesions and his-
tologic alterations in nude mice that are indistinguishable from
those induced by inoculation of KS cells (9). Thus, IFNnay
represent the key cytokine initiating KS development. In support
of this are also data indicating that the administration of H-b
patients has led to KS progression or onset (60—62). This suggests

that inhibition of IFN+y production and/or activity should be con- 23.

sidered as a key therapeutic intervention for KS treatment.

24,
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