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The Introduction is an overview of 3 decades of 
works performed by Professor Ferenc Gy6rkey * (in 
many cases in collaboration with the author) and 
aimed at tire elucidation of viral participation in the 
et iology of arteriosclerosis, SLE, hairy cell leuke- 
mia, HD, AIDS and KS. Controversial issues sur- 
rounding the etiology, treatment and regression of 
KS are discussed in terms of paracrine and autoc- 

rine loops of growth factors; protooncogene-onco-  
gene activations, immunosuppress ion  and retro- 
and/or herpesviral etiology. In regressing KS 
lesions the roles played by Fas, Bd-2, gax, TNFt7; 
apoptotic-antiapoptotic events; and antiangioge- 
nests agents especially that of Hu-r-IFN(z are elab- 
orated on. (Pathology O n t o l o g y  Research Vol  2, No 
4, 249-267, 1996) 

Key ;r,,,,,",'].','.' Growth factor cascade, human herpcsvirus 8, apoptosis, prutooncogcncs oncogcnes, retro-lentiviruses 

Introduct ion 

It is a sad occasion but certainly a great honor for me 
that I may dedicate this presentation to our deceased fi+iend 
Professor Ferenc GyOrkey (l'Vg.l). lie and his gracious 
wife Phyllis (Fig.2) ttt the Veterans Administration Hospi- 
tal (Medical Cenler) and Baylor College o1 Medicine 
Houston TX had inightily contributed to our factual know- 
ledge and theories concerning the viral etiology of sys- 
temic lupus erythematosus (SLE), hairy cell leukemia. 
Hodgkirfs diseasc (HD) and AIDS and Kaposi's sarcoii/a 
(KS). Fcrenc Gy6rkcy with the assistance of his devoted 
wife Phyllis and his faithful techtfician Alex (Sander) 
Gergely worked in his laboratory 14h days and wcck-ends 
until his death, tte died three years ago of complications of 
imiltiple n]yelon]a at MD Anderson Hospital. 

It was ill ltJ6g thai I had carried to Ferenc I'reshlv 
rcinovcd tissues of a patient of mine who died with an 
untistlal ly mal ignant c;lse of SLE involvh>g his brain alid 
spinal cord. It was in this case lhat wc sitting side by side 
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observed first file abundance of those cytoplasmic struc- 
tures (Fi<4.3) that occur wflhoul exception in every case of 
SLE. 1 am responsible for calling these structures uncnvc- 
loped viral ribonucleoprotein strands believing that we 
observed an incomplete myxo-, paramyxo- or retrovirus: 
the causative agent of SLE! Howe~er this notion remains 
without proof. Similar structures occur in many other 
pathological entities (in AIDS-KS or in Paget's osteilis 
deflwmans elc) and can be induced Io form in lymphocytes 
exposed to intcrl;erons alpha or beta (but not to ,~{tillllla} 
(ll"No'.d3,7). Up to this dute no one concentrated these 
s t ruc tures  from t issue extracts  by d i f fe rent ia l  
centrithgation to study their immunohislochcinistry and/or 
biological activities: thus this project remains open for the 
next generation of scientific investigators. 11 is still poss- 
ible thai SLE is caused by an incomplete endogenous 
retrovirus r whose switched off eenomic 
sequences bcconlc activated Io encode antigenic pcptides 
and/or to recombine with all apathogcnic cxogcilotls 
rctrovirus. Endogenotis relroviral  sequences reside in tllo 
hulYian geilome (including KS cells, vide iql)d) lu and 
antibodies to polypeptides encoded by such sequences are 
forrl/ed in p:.tticnts with SLE. Blood rejected our n/allu- 
script (the cou]nlon [ate <<)1 or ig inal  discoveries) but ,a,e 
publishcd the case history of our first p;ttient in the Tevas 
Rvpmr.~ on BioloKv & Mcdici#~e j:' and wrolc a l~cller to the 
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Editor of the Nen' Englaml Jo;trnal of Medicine's:a" when 
we found similar structures in every patient with SLE. aa 

In lhe late '60s wc like others tried to induce "Focus 
formation" and "antigenic conversion" in cuhures of 

Figure 1. Professor Ferenc GyOrkey at ];is PhiliFs elech'on 
microscope (VA Medical Ce;#er, Housto;l TX) in 1991. 

human sarcoma cells: these elusive phenomena implied 
the presence of a filterable (viral) agent. L'4 While we could 
not  isolate and identify human sarcomagenic viruses, 
electron microscopy showed subviral struclures and 
mature virions resembling rctroviruses in these culttlres. 4~ 
Szakacs and Ruttgers Szakacs conlirmed the presence of 
retrovirus-like parlicles in human sarcomas.t~'~ 

Thereafter Ferenc found herpes virus type particles in 
cells of hairy cell leukemia. These viral particlcs turned 
out to be those of the Epstein-Barr virus (EBV) (Fi~.4), 
persisled in cultured cells, and coexisted with cytoplasmic 
tubttloreticular sttucturcs. ~") ~* Occasionally delicate 
cytoplasmic tubuloreticular structures and budding 
rctrovirus-like particles were also seen (f'ig.5). We never 
could isolatc these retrovirtlses but other hairy cell Duke- 
mic patients yielded isolates of hulnan T cell leukemia 
virus type 2 (HTI,V-2). Isolating HTLV-2 from a few 
cases of (atypical) hairy cell leukemia ";5 does not prove 
etiological relationship since most B hairy lcukemia cclls 
were devoid o1" HTLV-2 genomic sequences. > 

Our attention then was turned to Reed-Sternberg (RS) 
cells of HI). In this entity l'erenc and 1 observed 
intranuclear herpes viral nuclcocapsids (Fig.6) ~* long 
before the association of EBV with RS cells was provcn 
by intmunohistochemical and molecular biological mcans. 

Table 1. EBV in human  malignancies  

Lymf;hot?rol(fi'ralive 
African Burkitt's lymphoma cells 
Lymphomas AIDS associated (especially those in CNS) 
Large cell diffuse lymphomas in transplanted liver and 

hearts consisting of recipient's cells 
Hodgkin's Reed-Sternberg cells 
I lairv leukemia cells 
Pw~thorax associal:ed lymphoma cells ~' 
N:asal T cell lyn3phoma ~'' 

Leiomyosarcoma 
AIDS associated pediatric; in transplanted livers :':~' 

Nasotlhary;zNenl carciHon;a ("lymld:oepithelioma ")< ,,,t 13 
Squamous carcinoma cells fused with cells of lymphoid 

stronlfl >~ 

With diligent search we also found budding retroviral 
particles in RS cells (l:ig.7). Soon experimental data 
emerged in my laboratory showing that a retrovirus 
existed in IID tissue extracts revealing itself as an envel- 
ope-donor to an incomplete murine retrovirus. ~e~v We 
could detect antibodies directed to these viral envelopes in 
patients with HD (but Ferenc could not complete the im- 
munoelectron microscopic studies). These observations 
allowed us to view RS cells as "natural hybridomas" 
formed by the fusion of a retrovirally infected mono 
nuclear HD cell (probably an antigen-13resenting dendritic 
cell) with reactive or bystanding naive B or  T lym- 
phocytes. The unique relationship of atttigen-presentmg 
cells with lymphocytes allows f o r  such a rcaction (rMe 
i;{tka "conjugate tornmtion" in AIDS). Some RS cells tire 

* Dr+ Gy6rkey ~,ubinitted our letter to the Editor with the alllhoi'C 
names listed as F Gy6rkey. Sinko-ics, Men and P Gy{~,rkcy. The 
editors admitted that due to an error at type setting my name had 
become the third in line: they published a correction. ~' 

Figure 2. Dr. & Mrs. Fere~;c & Phylliq Gydrkey are honored at 
n medical cot;veHlio~; (199(I). 
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Figure., 3a, b, c. The cl#oplasmic, tubuloretMdar_, 4~structltrc~ of SLE meas~trmg 200-220A ipl width mid up to J O00 
A ilt len~,th ilr a ki~tHeq ,,~lomcrulm" cell (19, 1). EM, {~ri~,qnal ,u7q~tificatiotz x34,000 (e~dar~,,ed in pri~lt: tTpprox 
x120,000). BttddiHg retroviml particles m prim~lry ctdtttres r!( 5kin flrom a case of discoid lup~ls (b) atu! kid~zey 
h'om SI.E (c) (1982). EM, ori,~inal maA, mificatiolis x85,000 (b) mat x17 2,000 (c). 

Figure 4a, b, c, d. Hcrpesviral ltue~iveh}ped nuch'ocapsids i~t the call mtcleu_* ( O; h'veloping herpesvirtr pm'lich's lit 
tlt{' cyt{~pla~m (be); mzd mattzrP cttvclopvd herl~esviral (EBV) t~m'tich's h'ar,iptg the cell (d) fit cullttred tartr~#c 
resistmIt B-hldry letlkemta cells (1975)/~'' EM, oiigim~l ,taS,,ttificalio~ts xlO,O00 (a attd b); :c112,000 (c); amt 
x 100.000 (d). 

V{',I 2. N{', =1. 1996 
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Figure 5a, b, c. U~6dctitified -~,irat t~artich's ~,ith ttzc appearai~cc of "t,mhli~t(,,," iH Itoiv!/ l,'i~kemia B-cdls. EM, 
ori,@tal , aS, lli fic'atio~l .v45,0()0. Delicote tltbttlol'c~ic!Har strllctHrc i~t tit,' QfloHaslll o( ~I B Imirj/ h'ld, emta c,'ll 
(1974) /2M, ~riNi al ~q i/icotioJ~ x25.500. 

Figllre 6. Llm'~lc,cloI~cd EI~V ~lmh'ocaF.qids tJz tl?c HItch't~s o~ o I{5. cclf l~f HIT) (199r 
x37,50[). 

EM, ~ri\~iJm111m,.~lt/icrTltoH 
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tk+inted by Iusion with B lynq~hocyles: w{2 proposed that 

t !BV etlters RS cell,, at this p~}int {2{mtributing t{} the malig- 
trent,, a f  RS {2ells hy the act ivh iex {}t I ;BV gen{+mic 
seqtlellCe,, BHRF l alld BNFI.-1 i in i ta t ing iht}sL' o1 the 
I~{'l 2 gcnc ( inducing antiapopi{}t ic e'~ents) and eFlco{lin.~ 
hileni menlbrane rJrotein (addin 7 It} tile mal ig i lant  phc- 
notype), resl)ectixel }. After the entry of EBV into RS cells 

lentirettoviral eXl)iessi{}l]s decline as EBV expressi{ms 

plevuil. ()lher RS c{211s wet{2 pr{}poscd to be ft',rtned bv 
fusion of  the re l rov i ra l lv  intcctcd dendr i l ic  ecll witln T 
Iymphoeyte~, (t ike in ncxh;htr sclet~/sis f lD) .  ThN theory 
IOCt'lll]y r{2ceived support by 1he observ;_ltioil of p53 illtila 

tion in only one nLiclcLts {2)1" th{2 nlultinuclcated RS cell. '" 
\~'hen B cell Ig gcnc or T cell receptor g.{2nc rearran.~e- 

mcnts are delectable in RS cells/'>('7 wc i)rol}ose that thc 
nl{}norll.lcloar l i D  cells fLIsed wi th  o l igoc lona l ly  extxu]ding 
reacti~.e B t)I + T lyulphocytes:  v<'i]en such gene reaiTatlgC- 
ii/t.'nls are llot del{2{2l:.tble, ~u' the Fusion paFlil{2r is tt il:.tive 
lyinphoc).te. -FoDle I MlnllllariT{2s lhoso huinan mcilig- 
nancio,, in wh ich EBV  appc:.u-s 1{> have ci pronf i i lc i l t  role 
either b',' in i l ia t ing or by coi/ t i - ibulhlg to the il l.; i l igl]atlc}. It 
ix lelll;llk:.tble that ill 1111111}, hunlLtn (t/l" simian rid,:' in/7"a) 

pathological entities herpes tYl}e and lenti-retro\iral 
palhogens coexist (hairy cell leukemia: l l odgkufs  dis- 

ease: A[DS-KS)  ~{} much so that when one of the puir is 

i~tesel]t it is worthwhile t{,} :-,{2at'ch t'{}F its partner (inlccti{~us 
ill{}llOIltlClCOSiS, 1~" Burkilt 's  lynll)honm; AIDS associated 

lynlphc, rrias and bc, dy cavil), ]ynlpl lonlas;  AIDS-associ-  
'.~lc(.l ]eiomYos4rcoilla)+ Ferenc was deprived of  the extra 

time needed for SLIcll search. 
In the first years of [hL" 1980s ini{tdl{2 aged veterans 

Mal'tt_'d to} succumb t{) dreadful tnul t ip lc  irHections wi th 
cyt{}lllCgLilovirtls {CMV}. t:{ c o r i l z i i ,  cryptococcu~ and 
ethel's. [2 It was in this {}41ietll popuhition wherc Ferel',c 

fouFid KS in their lymph nodes"" Lind budding le l rovir ; l l  
particles iFi their lynu)ho{2},tcs, lyiaci'opha~os, I/le~Llk~llyt} 
c},t{2", aikl platelets, brail i  ,.:ells alld vLi:~ctilar etl t ]othclial 
cells (Fi,',.,,.<'~). Hc and Dr. ,Mclnick r{2porlcd m o s l  (',[" these 
observations. ~<~~') In 1983 at the h~ternational Congress 

lor  lniect iotts Diseases heM in Vienn',i Atisll-ia 1 k id  the 
oppor[,..ulity to sht}w a series or" (}tlF EM pictures depict ing 
two difler{211t t}pes o i  I+t.tl{iviluses and herpes Vii'US par 
ticle~, in various Oi'gLiils Of AIDS patiell ls, i>! {Not ki loWii l  7 
thi:-; then. w{2 now bel ieve sore{2 of  th,,tsr Duticni:-; harbored 
boti~ HIV zintl HTI+V inlectiolls!) ~:';s \Vhen this co inl+ec - 
ti,>P, ~,~c'cu,.s. !he !,.-,~,tb'h+,l, HI',, / }s able to infect ! eq ing  cell'- 

,,in{2e its reverse transcripti{}n {prc-integralion) c{}mplex 
cat1 enter th{2 i lOi /-dix idi i /g i lucleus, whereas let loviruses 
t211tLT thL' tlUCI{2us dtiriIIg cell division whell the lluclc.:.tr 
menibrane is broken down. i~' Dr. R. Gallo sitting in the 

I+irsl i-ow observed tt]ese piclurcs and prolnptly inviled ille 
to del iver th{2 S~llile lectttrc at his dcpartrncnt: I v, as ple.'lsed 
to corctF, ly. The as 3,et unident i f ied ,,iral parl icles we 
obsct~cd ~er{2 bV then it] the curliest ,:)1 thcir  ctt]tti i0s in 
Dr. Gal io 's  h.tborutor}.. 

Soon we obscIvcd L|II LlSSOCialioI1 01" hel-pes l},pc ~.i.lld 
retloviral partition in AIDS-KS cells, For long we knc\~ {}t 

the assodatMn ,++f hurpes type vhuscs  with KS ( F i u . O J :  w c  

attended some 5() paticllts whh classicul Mcdi[elllllle/lll 
KS in the pro-AIDS era at MI) Anderson Hospital . '  \W 

like e the lS  T isolated C M V  and gre;v B lymphocyte cell 
lines harboring EBV From these ttlJl+]('}lIS. I~(} NO\\ budding 

retroviral particles structtually differcrlt from H I V I  

appeared in some of these lUlllOl+S (t+iA,.]()),  ~ these par- 
t i t les failed It.)rc;_tct inmmriologically as HIV-1 or HT1N- 

1. THe occurrence of  similar retro,, intl purticlc>, il+~ KS were 

reported el,,cwherc very sold{ira: {}nee ichlting these par- 
t i t les to the viruses of  avian leukemia mid once in G r e e c e  

{Raffensbergcr ct al: Spau,._lidos c ta l :  cited ill P: ) in a clu:,, 

ter o1 cases of tfIV chtssical KS. HIV isolates from 
epithelial ceils e l  the uterine cervix ~4u at+td I ITLV type IIIB 

il-iI)ctions of tile thymic epithelial cells ;~ do exist thus 

cells other than the lyml)hatic system could possibly be 
carriers oF these VilUSCb. AIDS-KS ceil:-; uh.,o contained an 
abundance or mbuloreticuhtr cylOFHasmic Stl ' t lCtt l l+eL" 41 

crltiliely simihJr to those previously I'ound in SIAi. Ill. 

Zucker-Franklir~ who described HTLV-I-IiRc viral par- 

t i t les  in mycosis fungi}ides and relate(l entities ]''" wrote at 
till}St complilncntary editorial t~''++') concerllMg the dis 

covcry of the>e structuFes even thot.tgh 111{2 nattlre and 
biological fttnctiol+t, if any. of the:,e Mructurcs remains 

t ln l ' , .n{}wl l ,  

Ferenc Gy6rkey could not finish so\oral  of his projects. 

Seine of these concerti the firidin.g of CMV in 
art{2riosclerc, tic plaques with the suggestion that this \iirtls 

is :.tlllOtlg the lll(),-;t illlr}()Ft:lnt cmls::].live c{}-Iactc)ls {}1 Ih{2,.+c 
lesions.;- Tile loleml}:-;t experl on C M V  patl'~ogenesis l)r. 

Eva G6ncz61 has recently oiven credit to Dr. (;y(ii+key for 
this discovery."2 

When we first obser ' ,cd that hun]an lvrnphocvtcs can 
kill atutolo~ous arid alh>gcn{2ic [UIllOI" ceil:-, either by cylo- 

plusmic lysis i~)1 nuclear DNA clumping I submitted cul- 

[ttred benton ltlll3or cells dying under lymph{+cytc attack t() 
I)r. Gv(irkev. Lq many other lab{}rut(}ries perlk}rins and 

t)tlieI ell/VillUS Oi" lytt]t:lhocyte {>ligin WCl-C Ik}und It} be 
responsible for complcnlcnt  like cytoplasmic lysis, where 

as lmclear cluml}ing induced by an active '.;Lli{2idal i}roccss 
led to programm{2d cell dealh {apoplosis). T~} Fcrenc 's  
great sorrow he couM not keep up with tile rapid devehH1- 

m{2nt of this field. So much more h{2 want{2d to do and he 
u,q,+ ,+,+I ro+t(It tr , l io  H ~ o v ~ r  l;oron+" +-<',,H,ll'~+',,++d ,+ p',tpeF 

el + mine that was prc~,entcd Iirst ill the iIol'lll {,)1" i.[ lcctLirC in 

i!)69 and appeared in print in 1970. P` In this pa.pcr several 
original obscr \a t ions  were presented: these ohser \a t ions  

rc emerged as 3 major discoveries (in other htboralorie~{) 
in the 197(}s. h] lhix paper we reporled First thal not only 

lyml)h{}cytes o1 F}aticllts wi th  cancer:-, but also 
lymphocytes of  healthy dOllOlS couM kill callcer cells in 

,~itro: these healthy lyntphocytcs WClC characterized 14tcr 
cl'-,ex,.hcr{2 us "natural killcr cells". Wc showed slMcs alld 

' , 'el 2. N,~ I. 199(~ 
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Figure 7. BmhliHg retroviral partich's ~t the cytot)lasmic membra~w of c~ RS cell of HD (n); arid el 17rgelm',t of 
~other bmhtiH~ virus particle (b) (1990). '~ EM. origi,al mag~7!ficatio,s ~55.000 (tl) amt xSq,O00 (b). 

Figure Sa, b, c, d. Evtr~wellular HIV p~Trticles with bar-d,Tped core i~z 11,7 brai~l of ~t patieJr with AIDS (c~) arid 
u,ide,t i f ied retrovirus wrtich's buddi,x from ~7 dc,dritic cell of the' smm ~ brai, (b) (1983). EM, ~>ri2i,al 
ma\,tii(ic:atioH x110,(~00 ( 7) atld x87,50(i (b ). t htide, tificd budditlg ~i'troh'tlttviral p~rticles i ,  a lymph ,ode cell of 
a pati~;,t with AIDS (c) ll,d iJl t7 cell .from a ,  AIDS-lymfdlo,t~7 (d) (1985). EM. origituTl maNHihcatio,s .~112.000 
(c) aJld x142,00I~ (d). 
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pictLIres depicting tire mode of target cell killing b 5, 
lymphocytes eilher by cytoplasmic lysis or by nuclear 
clumping: the first mode of killing was shown elsewhere 
to be mediated by perfl>rins and the second mode of killing 
was an example of the pheuomenon described elsewhere 
later as programmed cell death or apoptosis induced by, 
serin proteases or g]anzynles; *v ~v when induced by 
cytotoxic lymphocytes, this phenomenon is also mediated 
by TNF~13 (lymphotoxin). *> 

Finally we observed the fusion of a diph>id murine 
malignant lymphonm cell, producer of leukemia virus 
particles budding through its cell membrane, with a 
phtsma cell secreting antibodies specific to tire virus. ~5 
The fusion product was an immortalized tctraploid cell 
that grew in suspension cultures in spinner bottles or in the 
abdominal cavities of mice in the term of fatal ascites 
tumors and continued to secrete the antibodies: the first 
recognition of the "hybridoma principle" (even though we 
did not coin this term in 1969-70 to our antibody-producer 
tetraploid cells). These are examples of my research pro- 
jects Ferenc was invited to contribute to but could not. Yet 
it ~i,/cs me great satislaction now that he remains a co- 
author of this seminal paper! 

Ferenc Gy6rkey MD, professor of pathoh)gy, pharma- 
cology and virology at Baylor College of Medicine and 
chief of htboratory services at Houston's VA Medical 
Center died leaving behind the legacy of his life time of 
w<>rk for the benefit of his coworkers whose studies he so 
powerfully advanced and of llle patients hc served. 

Controversial  lswues s  KS" 

Growth l:actor Cascade 

While dcr|natok>gists-immunologists considered activated 
lymphocyte-driven cell proliferations, for example in the 
case of psoriasis,~r where growth factors released by T cells 
reacting to streptococcus superantigens promote proliler- 
ation, maturation and scale formation of keratinocytes, in the 
pathogenesis of KS such concepts emerged only after H1V- 
l- or HTLV 1 or 2- infected CD4 lymphocytes were shown 
in Dr. Gallo's laboratory to release growth factors (G[:) lot 
vascuhn endothel cells, e:s~' While such a concept explains 
the initiation of AIDS-KS 3 (or that of rare cases of KS asso 
elated with [tTLV-1- induced diseases)) ~ it thils to account 
tbr the initiation of cases t)l KS in ItlV IItTI,V-I,2 patients. 
However paracrine GF-driven cell proliferations are not 
considered I() be malignant. A multistage process is emerg- 
ing in All)S-KS: initiation by paracrine GI: loops which is 
converted into growth driven by autocrine loops due to 
"second hits" on the vascular endothelial cells. Prominent in 
the initiation phase are IL-1, '~ IL-6, s~ oncostatin-M, TGF[~, 
scatter factor (SF) 73'>v and H1V-I ~lhl. ~.e_, ~4s Ifowever the role 
of II,-6 and leukemia inhibitory factor (LIF)/oncostatin-M 
has been weakened by showing that KS cells frequently do 

not express receptors (R) fl~r II~-6 and LIF/OSM. ~: The 
impoltance of IL- 1 [3 as a KS GF is best shown by conlplete 
inhibition of KS cell growth by IL: IRA (antagonist). ~l Pro 
minem in the "second lilt" process <>ccurring in the larger 
cells are 1L-6, oncostatin-M (OSM). basic fibroblast GF 
(bFGF),~s ~4 ~<~ ~0>4 c-met encoding receptor for hepatocyte 

�9 , ' F  

growlh factor or S F .  vascular endothel GF s'~''j': and 
platelet activating factor. > Protooncogene-oncogene tran< 
formation in vascular endolhelial cells could apply most to 
i;Tt encoding the bFGF family with KSbFGF; > and c-me~' 
encoding R for SE ':~ Indeed. bFGF and receptor overexpres- 
sion is common in endothelial cells providing an autocrine 
loop lor angiogenesis. Weak, variable and uncertain GF are 
I L 4, GM-CSF and platelet-derived GF (PDGF). ~5 However 
the c-,~is gene encoding PDGF is an established protoonco- 
gene whose role in Kaposi sarcomagenesis remains to be 
proven. Chcmokincs interact with endothelial cells bul their 
specific roles in KS induction is unknownf ~ In HIV in fee- 
lion chemokines interfere with viral entry into and postbin 
ding fusion of infected cells. 10{, 

Unanswered questions of Kaposi sarcomagenesis are 
what constitutes the initiation phase in HIV cases? What 
provides the "second hit" in the targeted endothelial cells? 
KS ttnllors harbor numerous pathogens (vide il!/?a). It is 
not certain at all which one can induce autocrine loops of 
GF in these cells. Is it conceivable that more than one 
pathogen(s) is needed for the proper sequence and compo- 
sili<>n </1" the GF cascade'.> "r 

Cells O/Ori?in am/CMlurc  ~f KS Ceils 

Attempts to grow classical (Mediterranean) KS cells in 
permanent cultures was unsuccessful in lhe 1970s. '5J> 
Technics resulting in the growth of numerous soft tissue 
and ostcogenic sarcoma and other hunlan tumor cell lines 
failed to yield KS cell lines. ~20 Perhaps diligent changes e l  
media (including week ends) deprived our primary cul- 
tures of GF essential for the initiation of growth. Condi 
tioned media support early growth of KS cells in Cttlttnc. 
Taken out of its interaction with its matrix a KS cell may 
behave diflkerently in cuhure than in its natural environ- 
ment. Cellular adhesion molccLilcs (CAM)including E- 
selectin are e• by KS cells only after the proper 
stinmhltiol3. >3 Some of the stimulator molecules occur in 
the natural environment of KS (I1,-113, TNFc,). Ofllers 
(pulyl:C,  i ipupolysaccharides) stiinuhlte [( AM-I ,  
VCAM I etc expressions when added to KS cell cuhures. 
Spindle shaped KS cells circulating in blood of patients 
expressed endothelial cell markers (VE-cadhcrin; CD3[) 
and macrophage markers (CD68; mannose-R; CDI4) and 
contained generate sequences of HItV-8 t' ,idc i;!/}a). 
Cuhured KS ceils express fibroblastic antigen TE7 and 
sn3oolh muscle-specific actin-alpha. ~ Heterogeneity of 
the spindle cells in KS lesions speak against i/lOllOCh)lla- 
lity: >v rather polych>nal GF driven proliferation e l  mesen- 
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Figure 9tl, b. Cylopatho~enic mfffleJtti(icd hert~es-litce virus parlich'~ itt classictff (MediterratleaH) KS: tmenz'e 
lot~ed ~,ir~tt micteocttpshts ht the ~mcletts ~( a cell demtdeff ~( c21toph~s;~l (~7): u;t~'Jtveloped inmmtttrc iTttr~mttclcm" 
(rod cttz,clo!;ed motctrin,,~ h~'r~cs-likc z,irus tartic/~',~ it~ cgh~/)la.qn~ o[: a KS ceil (b) (1974). ~:;t''' F;M. ori@taI 
magn!fications x65,0(10 (a) amt xl(~5.000 (b). 

Fig lOa, b, c. F,S cell rrom ]~r ;~,ilh AIEU,: rclro~'iml l~arfich'~ l,mt ~rol~ the cell ..... -~7c~" (1 c)S.~). EM ort~.'imfl 
mak, uific~ttion v3(2 t;r162 (~) and .v42.0()(2 (b). A IDS-KS  c~41: r htbtflm~'licHl~Tr 5trttctttrc~, lOS~).' I M  
c~ri2inal m~Tgni(ic~Ttion x27,500. 
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chymal-endothelial cells is the case (but this finding does 
not exclude the assumption of clonal growth later like in 
somc AIDS-KS lesions of African women I. 

KS lesions are rich in dernlal dendritic cells expressing 
Xllla. 'n If these cells actually contribute to the lk)rmation 
of KS. then as in monocyte-macrophage lineages suscepti- 
bility to infection with lenti-retroviruses ( l i lY included) 
becomes an attribute of these cells. ~as KS in culture (on 
matrigelJ continued to excrete GM-CSF. TNFo'., IL-I!3 
and IL-6. These elongated cells were positive for actin. ~5~ 
KS-bFGF enhanced, pcntosan polysulfate inhibited their 
growth. ~s~ Dexamethasone increases, the glucocorticoid 
receptor antagonist RU486 decreases the growth rate of 
cuhured KS cells. 

140 " 2089 Rhabdomyosarcoma 
�9 2089 14,' W(pt c Kaposi's) / c  

120 -g ~ 2089 l=y A (pt c rhabdo) 
c= �9 2089 LV C (normal) "? 10(1 
- -  i u 2291 I~,habdnmyosarconna 
"~ 801 " 2291 Ly W . . ~ : / "  

: '~291LV A ~ ~  ] 
i 6(, j - 22{-)1 L y e / /  . / / . ; : :  

Z 
0 

1 2 3 4 5 6 
days 

f~e;ure 11. l.ymphocyte-mediated cytoto~icity 0ssay with allo- 
xmteic rhabdomyosarcoma cell targets. Two tm2~et cell lines show 
good oulgroa,th in co,ltrol cultures. Lymphocytes of a patient 
with classical KS; another patient's with rhabdomyosarcoma; and 
a healthy co~flrol's inhibit tmget cell gtvwth more or less equally, 
This experimel# was amon,r the first of those conMadicfing the 
ruling tenel of the early 1970s holding im:orrectly that only 
patients with caterer circulated hjmphocytes cytotoxic to the 
patient's hype qf tmnor amt thus predicting correctly the existence 
of NK ~ells in the healthy lttmza~z bloodL The patient with classic 
KS tested hvre showed no tack of NK cells. 

Some established KS cell lines may not represent the 
cells the cultures were initiated from. A cell line became 
HHV-8. remained CD34 +, assumed tetraploid and highly 
malignant karyo- and phenotype and suffered gene loss 
(3p 14 )."<<)') Tetraploid malignant cells arc suspect of being 
fusion-products. Endomitosis is always possible but inuch 
neglected is; the consideration of "natnral hybridnma" 
Ik)rmation eilher in r ive  or in vitro in the primary culture. 
Murine natural hybridomas are fusion products of i rnmof 
talized lymphoma cells expressing budding retroviral 
particles and reacting plasma cells secreting antibodies 
specific to the retn)viral particles. ~e~2s Duc to antigen- 
antibody reactions at the cell surfaces two such cells each 
of diploid karyotype originally can fuse and form a 
teiraploid and highly malignant cell that conceals its retro- 
'~iraI neoantigenicity by covering budding viral particles 

with sell" imnmnoglobulins. I n  anolher marine lymphn 
me, r'~ the lyrnphoma cell fused with a macrophage and 
thus gained increased malignancy. Not only myxo-, para- 
myxo- and retroviruses but also EBV may induce cell 
fusions, u We proposed that tetraploid Burkitt 's lymphoma 
(BE) cells re-emerging in immunocompetent hosts are 
natural hybridomas (EBV-cxpressor diploid BL cells 
fusing with reactive B cells that are producers of anti-EBV 
immunoglobuhns). - The resulting tetraploid BL cell 
acquires immure>resistance by concealing EBV antigcns 
as these antigens am covered by antibodies now produced 
by the same cell that expresses the antigen. However these 
cells are still attacked by macrophages recognizing 
antigen-antibody complexes: hence the "starry sky" appe- 
arance of those lymphomas in which such cell fusions i.e. 
natural hybridoma formation, occur. 

Lenti-retrovirally infected dendritic cells readily fusc 
with reactive T cells: the so called "conjugate formation" 
in AIDS lymph nodes. I1>~ This reaction is so extensive 
in AIDS that large syncyiia are formed. We proposed a 
similar phenomenon in l iD (before AIDS "conjugates" 
were discovered): the lenti-retrovirally infected mononuc- 
lear l iD cell fuses with reactive (or bystanding naive) 
lymphocytes (sec above))~2 Tetraploid RS cells may fuse 
with one and other: quadroma formation (resembling early 
syncytia). 

It should be considered that KS cells may gain growth 
advantage especially when it comes to in vitro cultures 
through cell fusions resembling natural lnybridoma f o r m a -  

tiun. Macrophages are so nunlerous in KS lesions and 
often are HIV-carriers > that their fusions with vasct, lar 
cndothelial cells plausibly can occur. Diploid malignant 
cells almost always gain increased malignant potential 
when they subvert macrophages for lusion, s~ In this new 
unison the macrophages'  defensive molecular mediators, 
even TNFrz, could serve the natural hybridoma as an 
autocrine loop of GF. Could even the TNF-related apop- 
retie Fas ligand-Fas-ICE/Bax-TGFj3-p53 etc. pathway 
(vide is~/'tzl) be diverted in certain FasL +, Fas +, bcl-2 + ma- 
lignant cells from its regular course into an autocrine loop 
o f  signal transduction (activating c-myc; c-reel; c-sis; 
deactivating p53) and thus leading to cell proliferalion? 
After all the defensive molecule TNF has alrcady bccn 
subverted to serve neuroblastoma (and other tumor like 
sarconta) cells as their autocrine GF. 31 

Wtal Etiology 

KS tumors harbor large numbers of potential pathogens 
(papilloma and other papowl viruses; 4 herpes type 
viruses: CMV, HHV-6, EBV in B cells infiltrating these 
tumors and HHV-8: hepatitis B viral generate sequences; 
Mvcobacter ium avium intracelhdare inducer of IL-6: 
tubulorciicular cytoplasmic structures; retroviral particles 
other than HIV-I or ItTLV-1). t'; The strong candidate for 
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Figure 72a, b. Prolifcratinq vascutar-Iympl-latic endothelial cells rcco,~,mizablc iJ~ low ,k, rade pcriaHat AIDS-KS. r_',; 
EM, original magHificati(m x2,000 {a) n~zd x2,500 (h). 

Fiy, ltre 1,3. DL'tlse m'twork of elolG, atcd snrcrJma cells i~z a case of classical (Meditcrra~.'a~) KS of an HIV ma~z 
(courh'_~y of Dr. ]. Szakacs). ~' EM. ori~,mal maS~nifictTtion x3,800. 
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etiological role CMV was dropped whcn endemic Aftlean 
KS cells failed to show genomic sequences of this virus in 
their genome.: HHV-8 emerges as the strongest candidate 
for etiological role in KS. This is a B-lymphotropic 
gamma herpes,, r t s  (like EBV). It has approximately 
509~ DNA sequence homology with lqV saimiri a T cell 
lynlphonla-inducer virus in New World squirrel monkeys. 
In retroperitoneal fibrosis of piglailed macaques (M. ne- 
me.slri;la) a garnnm herpes virus showing some 80c, f ̀  DNA 
sequence homology to HHV-8 was found. 5~~ One DNA 
segment of HHV-8 encodes a capsid protein and tile viral 
enzyme thymidine kinase: another segment encodcs 
herpes viral interrelated envelope antigens p140 and p160: 
a cyclin D-related protein. HHV-8 is able to infect spindle 
cells and it was detected in the prostate and seminal fluid 
and saliva: of patients with KS. In spindle cells the virus 
exists in the form of extrachromosomal covalently closed 
circular episomes whereas in B lymphocytcs linear ITmlls 
of the viral gcnome characteristic of replicating virions arc 
present. ~ It is still debated if this virus is confined to a 
small segment of the human population or if it is ubiqui- 
tous like EBV. It is present in angiosarcoma in HIV 
patients, 4~' in multilocal angioproliferating follicular Cast- 
leman's discase and in AIDS-associated (and HIV)  
lymphomas of body cavities such as pyothorax-associated 
lymphomas consisting of large cells with multilobulated 
nuclei ~-~ and in various skin lesions of immtinosuppressed 
organ transplant recipients. >e AIDS-associated Burkitt 's- 
like lymphomas often carry EBV (brain lymphomas 
always!), seldom if ever show c-;,O;c translocation and 
very fl'equently also harbor genomic sequences of HHV-8. 

Patients developing antibodies to ItHV-8 antigens (p40 
hutyrate-induced; or latent nuclear antigen) prior to the 
clinical diagnosis of KS have a high chance to develop KS 
later. <'~ A preponderance of currently available seroepide- 
miological evidence indicates thai viral distribution is not 
ubiquitous, it is highly common m HlV-mfected ntale 
homosexuals (but not ill ltlV-infected hentophiliacs) TM and 
antibodies to HHV-8 occur worldwide. 3v While mature 
HIIV-8 particles replicate in tetradccanoyl phorbol-13- 
acetate-treated cultures. >~ a model system is still missing 
in which HHV-8 or some of its genomic sequences or 
gene product proteins were shown to be neoangiogenic, 
mitogenic or mutagenic- transforming. 

As the Australopithecines evolved in Africa some 3 
million >ears ago thcy might have been deciniatcd by' 
viruses like an ancestral EBV. Indeed this virus has fol- 
lowed the migration of Homo hat, ills out of Aflica and 
established with Homo sapiens a host-virus relationship 
that is harmless to tile host (with rare exceptions). Even in 
African BL the c-rove translocation t(8;14) (q24:q32) 
appears to carry, more weight in furthering malignancy 
than thc presence of  EBV in these cclls. When did HHV-8 
ex, olve to he a human pathogen'? All KS cells (classic: 
iatrogenic: endemic African: epidemic AIDS-assort-  

ated) ~*>'~-' harbor this vh-us yet contrary to EBV, it does 
not appear to be a ubiquitous hunmn parasite. If it co 
evolved with mankind in Africa. how did it acquire a 
substantial length of gcnomic sequences homologous to 
certain herpesviruscs of New World monkeys (nyarmosets) 
or Indian-Asiatic simian species (macaque)? KS is rare in 
Asia. If this virus followed the migration of Homo habili.s 
toward Mesopotamia, those migrating toward the West 
(tile CrolVlagnons) nlus[ have carried it to the Mediteml- 
nean basin, whereas those moving to the East were not 
carriers of this virus. Or did a branch of ltomo sapiens 
evolve in Asia independently from the Homo habilLv mig- 
rating out of Africa and remained relatively free of HHV- 
8'? Co-evolution and coexistence of man with Asiatic and 
New World monkeys could have had established this virus 
in rnore recently evolved human communities. If it is not 
an ancient virus co-evolving with mankind in Africa, was 
it trade that might have introduced this virus in relatively 
recent times to Africa and Europe (out of Asia and/or the 
New World)? Encounter with a rlew vh'ns just a few cell- 
furies ago produced a disease more virulent in KaposFs 
time in Europe or earlier this century in pre-AIDS Africa 
than the indolent classical KS is today? As we find simian 
AIDS and hcrpes viruses in coexistence, we must trace the 
origins of HHV-8 among Old World and/or New World 
monkeys in order to better understand our relationship 
with this pathogen: is it more ancient than EBV and co- 
evolved with mankind in Africa or does it represent a more 
recent introduction into human colmnunities coming flom 
the New World? 

Thc gene product protein of" p53 is the target for binding 
with early antigens of oncogenic DNA viruses:~<; large T 
antigen of SV40; E6 protein of HPV; EBNA5 of EBV; and 
EIB of adenovirus 5. HV saimiri encodes the tyrosine 
kinase interacting protein Tip. Tip interacts with cellular 
protein p561*k: I,ck. The normal function of Lck is signal 
transduction through tyrosine phosphorylation of several 
menlbmne proteins that characterize activated T cells that 
also produce IL-2. Amplified and/or point-mutated (?) lck 
functions as an oncogcne R)r T cells. Tip-bound l,ck could 
be downregulated: in Jurkat T cells the Tip-Lck complex 
blocked tyrosine phosphorylation and in fibroblasts it was 
anti-oncogenic. 5~ In contrast ~-' in normal human CD8 cells 
transR~rmed by t fV saimiri Tip mediated IL-2-independent 
growth and NK ceil-like cytotoxicity of these cells; it 
increased llylO~.,ill,..: pho~pl;orylatli~m by p56 ''k. Anuthci 
human T cell line immortalized by HV saimi,i was acti- 
vated by IL- 12. "2 Does l t i tV-8 encode a Tip protein which 
interacts with Lck in those lymphoid cells that transform 
in HlV-infected patients or in body cavities of HIV 
patients? Any such interaction in KS cells'? 

Not only HHV-8-related but also EBV-related herpes 
viruses exist in cynnmolgus monkeys (Macaca.filscicuhl- 
fix). :3 These EBV-related viruses are present in SIV- 
related lymphonias and contain DNA scqucnces related to 
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EBV's EBNA5 (which binds to p53 and Rb proteins). The 
I MP2A gene product protein of human EBV exerts down- 
regulation of signal transduction in B cells: tin effect anal- 
ogous to Tip-Lck mediated signal transduction in Jurkat T 
cells. There appears to be a continuing interaction (antag- 
onistic or cooperative) between lymphotropic retrolenti- 
viruses and gamma herpes viruses as they co-evolved with 
humans in Africa and thereafter as Homo erectus and 
tlomo habilis left Africa. It appears to be worthwhile to 
search li)r retrolentiviral copathogens in infectious mono- 
nucleosis, BL, HD, leukemic reticulo-endotheliosis and 
other entities shown in Table 1. 

In contrast to herpes viruses, lenti-retroviral pathogens 
appear to have had been left behind in Africa. HTIN-I 
and 2 probably moved out of Aflica toward Japan and 
Asia with Portuguese sailors just a few hundred years ago. 
Slave trade mobilized HTLVs out of Africa to the Carib- 
bean basin and flom there to the American continents 
especially to SE USA, HIV was still lurking behind. Late 
in this century extensive air travel and most liberal sexual 
practices converted a latent and sporadic disease of native 
Africans into a world epidemic. Dr. Koprowski rejected 
the ill-conceived idea that green monkey kidney cell cul- 
ture-grown live attenuated polio vaccines of the Wistar 
Institute initiated the African AIDS epidemic. ~4 

Even if we discovered a new human pathogen in the 
form of HHV-8, we do not know how to protect ourselves 
against it and once we acquired this virus and become 
carriers of it how can we get rid of it'. ) Is anli-herpes viral 
chemotherapy for KS feasible?~'~5~ 

lmmunoslq)pression 

There is no doubt that patients receiving inwnunosupp- 
ressive therapy (for example for SLE) and for allowing 
retention of an allogeneic graft (especially cyclosporin- 
treated patients with kidney transplants) often develop KS 
(incidence over 150-fold higher than that of classical KS). 
These tumors regress upon cessation of immunosuppres- 
sive therapy clearly indicating that immunological control 
of the disease prominently exists. Immunosuppression due 
to depleted CD4 cells in HIV-infected individuals (and 
due to the production of acid labile alpha interferon and/ol- 
antiinterferon agents) 53 is one of the most important co- 
factor in Kaposi sarcomagenesis in AIDS whether KS is 
induced in the epidcniic African or ~\\',qcrn type di,~casc. 
High levels of 1FN-gamnia and low levels of IL-2 and IL- 
12 form the background for advancing AIDS and KS)  
However a good number of patients with AIDS arc on 
record who developed KS before they developed any 
significant immunosuppression. It is not easy to document 
inamuno-suppression in patients with classical Mediterra- 

* See debaie in O~zr 77me.v 18/7:2 d July: 18/I 1:4 Nov 1996. 

nean KS who tolerate indolent KS for a decade or so but 
without succumbing to it or to the usual infectious compli- 
cat ions  that accompany AIDS-KS.  We observed 
lymphocytes cytotoxic to allogeneic sarcoma cells in 
patients with classical KS (l,ig.l I): these tests might have 
been among the earliest documentations of natural killer 
INK) cells.* Hungarian auth.ors found subtle imnmnodefici- 
cncies in patients with classical KS (Dobozy et al cited in 
~ ~). There is no easy explanation why the classical disease 
described by Kaposi as fatal (Kaposi in his original paper: 
"die Krankhcit ftihrt zum Tode") has become indolent in 
Central Europe within a century (unless HHV-8 had been 
newly introduced into European and African communities 
and is on its way to undergo some attenuation imitating 
what happened between EBV and its host during a much 
longer coexistence). 

In pre-AlDS African endemic KS studies showed 
imrnunosuppression only in florid (and may be in 
infiltrative) but not in nodular disease. On the other hand 
those African patients are continuously stimulated (prob 
ably to exhaustion) by various pathogens of the tropical 
climate. Could immunologically active but not virally 
infected lymphocytes release GF that may initiate KS 
lesions that "transforuf' when receive the "second hit" by 
III1V-87 After all even in organ transplant recipients there 
are T cell clones mobilized to reject the graft. Could 
viruses infecting white blood cells (CMV; EBV; HHV-8) 
induce the production of such GF? Is it possible that cer- 
tain infections other than those with HIV or HTLV start 
KS-inducing GF cascade'? 

Dr. Jeno Szakacs of the Moffitt Cancer Center, Tampa EL 
communicated m this author ~'~' his observation that KS 
lesions seen in AIDS patients were much better differenti- 
ated than those deriving from HIV patients with classical 
KS (Fig.12,13), Could it be that a host with classical KS is 
so much less immunosuppressed than the host with AIDS 
KS that a low grade lesion can overcome the latter host 
while the former host can resist lesions of much higher 
grades? This interesting notion calls for systematic studies. 

Regression (~KS Lesions 

The cytokine cascade responsible for the induction of 
KS is much better understood than those events that take 
place in regressing KS lesions. Is it abrupt cessation of 
GF production and supply that lead to apoptotic death of 
KS cells'? For example if interferons alpha deactivate the 
inl oncogcnes the production of neoangiogenic bFGF 
comes to a halt. When it was observed that KS lesions 
regress without immunoreconstitution in AIDS patients 
treated with interferons alpha (hut not with gamma), we 
immediately proposed that anti-neoangiogenic effects of 
interferons alpha were at work. ~ ~~ ~ Deactivation of the 
bFGF-encoding int genes by IFNc, was considered to bc 
the prilne mecl-ianism of this effect. ~ t ~  Indeed IFN(z 
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and B downregulalc bFGF mRNA and proteins in human 
ltlnlor (kidney carcinoma) cells. -'~ t lowever  this issue 
remains controversial because IFNo, together with Ik-2 
synergistically enhanced bFGF synthesis ~" and therapy 
with these 2 agents exaccrbatcs the disease! Customaril 5, 
GF-dcpendent cell populations undergo programmed 
cell death upon deprivation of the GF. In endothelial 
cells dephosphorylation of certain cellular proteins starts 
the apoptotic process; in general these genes become 
actiwtted: ICE, TRPM-2. TGF[3. Regressing KS lesions 
often show large numbers of apoptotic bodies ~-'' (Fig,. 14) 
but gene activation processes were not as yet studied in 
these cells. 

KS cells are often Fas + (expressing Fas receptor) yet 
they resist Fas ligand- or anti-Fas monoclonal immu- 

"1 "S ~4 noglohulin-mediated apoi IOSI/ .  NK cells expressing the 
Fas ligand fail to kill these KS cells. However apoptosis- 
resistance is not mediated by amplified bcl-2: its mRNA is 
down-regulated.  [n AIDS KS cells Fas-associated 
phosphatase (FAP) is significantly upregulated. Actino- 
mycin D inhibiting I:AP synthesis renclers KS cells sensi- 
tive to apoptosis-induction. Transfection of KS cells with 
cDNA of FAP increases resistance to apoptusis. Interferon 
gamma failed to induce apoptosis in these cells (and failed 
in the treatment of AIDS-KS). The authors did not test if 
interferon alpha could overcome apoptosis resistance. 
More recently in some aggressive KS lesions Be/-2- and 
Bcl-xl-mcdiated resistance to programmed cell death was 
also documented, s5 Bax or Bcl-xs promote, Bcl-2 and Bcl- 
xl antagonize apoptosis. In proliferating AIDS-KS cells 
resisting apoptosis more Bcl-xl is expressed than Bcl-2. :5 
The e• of these cell survival gene product proteins 
and their antagonists were not as yet studied in regressing 
KS lesions. Would in regressing lesions, KS cells switch 
to apoptosis-promoting Bax or Bcl-xs expression? Do KS 
cells or certain lymphoma cells express the Fas ligand 
(FasL)? Such malignant cells could repel or actually kill 
Fas receptor {APO: CD95) positive lymphocyte popula- 
tions attempting to launch a c3,totoxic attack on these 
neoplastic target cells. 

The functkms of TGF~ in the induction and regression 
of KS so far evaded clear understanding. This molecular 
mediator is produced by HIV- or other retrovirally 
int;ected lymphocytes and by KS cells, j4~~ It is mitogenic 
to KS cells. In the healthy bone marrow it preserves the 
CD3-1 stem cell population by exerting antiprolifcrativc 
effect. How come that CD34 + KS respond to TGF~ and 
p r o l i f e r a t e ?  This  m o l e c u l a r  m e d i a t o r  p r e v e n t s  
phosphorylation of the Rb gene product protein and hypo- 
phosphorylated Rb protein acts as a brake in the cell cycle. 
Thus loss of response to TGFI3 could lead to cell prolifer- 
ation. The activities of TGF~ are mediatecl by p 15 inhibit- 
ing cyclin-dependcnt kinases phosphorylators of thc Rb 
protein. ~+} The matter of growth stimulation versus inhibi- 
tion appears to relate more to TGFB receptor expression 

than to the production of the ligand. TGFB receptors I and 
11 [nust be coexpressed for the transduction of Ihc tmtipro 
li[crative signal. AIDS-KS cells are frequently T[~RI (do 
not express receptor I) while remain TBRII +. Thus these 
cells evade the antipmliferative signal. TBR[II captures 
the ligand (consuming it) but it is a nonsignaling receptor: 
its overexprcssion can pre-empt antiproliferative effects of 
TGF~. When TGFI3 suppresses cell growth it acts 
through the RB gene that it maintains in the cell cycle- 
arresting hypophosphorylated state. TGF~ also downre- 
gulates cyclins and SF. TGF~ antagonizes IL-2 and pro 
trots cells against the cytotoxicity of lymphocytes expand- 
ing under the effect of IL-2. In a most paradoxical manner 
TGF}I under special circumstances could exert I~AK 
cell-attractant activity) s Cessation of TGF[~ production 
would allow access of cytotoxic lymphocytes to their 
target cells. TGFI~ is active in apoptotic cells (for example 
in androgen hormone-dependent prostatic carcinoma cells 
undergoing apoptotic death upon the withdrawal of the 
hormone; or in hepatoma cells). TM We do not know but 
presume similar activity in KS cells undergoing apoptosis. 
Thus TGF[3 may be needed for apoptotic death of KS 
cells; it should not be present when cytotoxic lymphocytes 
kill KS cells; and if KS cclls do not express TBRI they 
escapc TGFl3-induced antiprolfferative effect (but may 
stop growth if both TBRI and II are co-expressed). 

It is a paradoxical observation that early KS arc heavily 
infiltrated by lymphocytes and macrophagcs (providing 
more GF than actually rejecting the lesion?). When fully 
developed dediffcrcntiated lesions are viewed these infil- 
trating cells are not present as spindle cells of KS form a 
dense network. Even when apoptotic death of KS occurs 
dircct attachment of lymphocytes to the dying KS cell is 
seldom seeP, but HIV-infected macrophages may be in 
close vicinity (Fig.14a; I5). KS regresses in AIDS pati- 
ents treated with interferon alpha without restoration of 
immunocompetence. From fragmentary pieces of intk)r- 
mation we must conclude that growth factor deprivation 
(fk}r example cessation of KSbFGt: production) rather than 
an immune attack is the prominent lactor in regressing KS 
lesions. But if an immune attack could be documented 
what are the antigens: HHV-8 or oncoproteins? Will I,AK 
cell or TIL infusions be therapeutically beneficial or detri- 
mental (providing GF)? Regressing KS lesions are more 
difficult subjects to study than expanding early KS lesions. 

Treatment 

KS is a radio and chemotherapy-sensitive l u n l o r .  14'' 

Excision, cry(}- and radiotherapy, photodynandc therapy, 
and intralesional chemotherapy are applicable to single 
lesions or to locoregional disease of limited extent. The 
disease is often muhifocal and systemic. Mildly cytotoxic 
anti non-inmmnosuppressive chemotherapy is prcferrcd. 
Bleomycin. vincristine, dacarba:,ine, cisplatin, metho- 

Vol 2. No4. 1996 



262 S1NKOVICS 

Figure 14a, b. Apoptotic bodies itl resressing AIDS-KS: one san:oma cell u z lergoi 7y progra~r ~ e ~ cell detTth ~lext to 
a monolutclear cell (a) (courtesy of Dr. J, Szcd,'acs). EM, origilzal magtfffie~# oH x7,800 (,q) a ,d  x l  7,8L}0 (b). 

Figure 1 . . . . . . . . .  5 ElL n~,,ated K q cell ~ ith ma;;ff  e l~ ueleaF cl ! llph \, and e~/t ~pl 7~�9 tic blel bi71{~ h/i~, ~ zevt. to a retrol ~lzli 
v~rally :nfech'd mo~zoJ~ltclear (mo~loeyte-maerop&~g,') cell (1985). j'* EM,  original magnztlct~tion x37,800. 
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trexate with leucovorin rescue are useltd lk+r this purpose. 

Cytocidal and in]nlunt~suppressixc thcrapeuticals (adri- 
amycin, ctoposide, vinblastinc, paclitaxcl ctcY ~a4 singly 

but especially when combined are highly cftL'ctivc in 

inducing up to 8()5'~ remission rates but at the price of  
increased susceptibility of  the host to opportunistic iniec- 
lions. Liposomc-cricapsulate<.t anthracyclins (doxorubicin 
(Adriamycin) or daunorubicin (Ccrubidinc) remains high- 

ly effective with redt.lced toxicity. ><' +~+, 
AInong biologicals interteron alpha in substantial dosage 

induces the best responses: long term, lower dosage 

intcrli_'ron therapy ntay maintain remissions. Interferon 
gan-mm (suppressor of  acid FGF) fails to induce retnissions 

of KS lesions. Interferon beta and 1L-2 togethcr may induce 

exacerbations. ~,~' h]terleukin- 1R antagonist goes into clinic:tl 
trials since m vitro it stops growth of KS cells. :4 [tuman 

chorionic gonadotropin beta (hCGJ3) emerges as a potential 

tllerapetitic agent since it mediated the rejection of  some 
tetraploid KS <.:ell lines in the nude mouse. 7+̀ KS occurring in 

pregt]ant wonten (producers of  the hormone) and some 

adverse reactions tO it deplete the initial entbusiasnl. '4~1~+' 
Antillerpesviral cbelnothctapcuticals especially when 

combined witln interferon or with ant i -UlV therapy 
(protease inhibitors: reverse transcriptase inhibitors) may 

fail. tnay stabilize or nlay induce remission of  KS." ,.l..~l 

hmnunotoxins  appear on the scene. IL-4 and pseudo- 
monas exotoxin fusion protein works it] clonogenic 

assays. ~-~ The fusion proteins IL-2 and diphtheria toxin or 
IL-6 and diplltheria toxin :+ both inlnibit KS cell prolifcr 

ation in rizro. The former immunotoxin is it] clinical tt-ial 
against malignant lyntph<)ut:ls expressing the p55 compo-  
nent el +the IL-2R. TM 

Antiangiogenesis agents attack the blood supply of  
developh]g ltiillor'+-; and the ttl l l lt)r i tself when it consists o f  
transfornled vasctth.ir-lyn/pllatic endothelial cells. It] addi- 
t ion to the quite toxic suran]in the list of  these agents 

- ~ t4  4:1~2 inchJde angiostatln: platelet factor fumagillir~-deri- 
vativc AGM-1470  inhibitor of  vascuh_tr endothelial GF: 14~' 

ArlhroDacwr sp-deriwlti vc AF25 (tecogalan)++~ inhibitor of  
bFGF-binding to its receptor: s'' antagonists Lo avl3~-intcgrin 

servit~g as receptor to vitronectin (ligand) and mediating 

b F G F - i n d u c e d  at]gic, genesi':,: *+' pentosan polysul la tc  
inhibitor of  KS-bFGF i'~ and others. Miscuiar endothelial 

GF-diphthcria toxin iusion protein (itnmuncqoxin) is a 
powerful  i l-ihibitor o f  neoangiogenesis in the chorioal lan- 
1his illenlbr311e Fi;l{illl;/Sl.'_tt R <,ynlhetic inhibitc, r ,~f matrix 
metalloprt)teinases 14-+ also inllibits the growth of  KS cells 

and vascular g rou th  in mouse models. Antisensc t~ligonu- 

clcotides targeting mRNA of bEGF inhibited KS cell 
grmvth in nude inice, p~ss Sotne of these and other major 
efforts [o curb lLllllt)l ilcoat]giogcnesis 111ay evet]tuall} 

translate into clinical trials. 

* Eel ft~od nmriati,,e rcpurt scc Onuoiogv IDm's 18/10:49-53 Oct 
1996. 

AIl-t,ans-retinoic acM administered orally or applied topi 
tally in gcl-lorm induced ilnprtwements and partial remis- 

sions as reported in several abslracted lectures at the XI Inter 
national Conference (Mtncouver. Canada) on AIDS 1996.* 

Cytotoxic T cells administered as adoptive immune- 

therapy do not handle v d l  HI',,' talL'orion. ̀+'~ Are there any 
cytotoxic LAK or intmunc T ccll~, that play an important 
role in the rejection of  KS'? If so  could these lyntphocytc 

populations be col lected,  mobi l ized  and rcinfused 

(expanded with IL-2 and/or other GF) inlo patients with 

multilk)cal visceral and rapidly advancing KS'.' 
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