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Data is n o w  starting to accumulate  on the differen- 
tial expression of PGs in tumor cells of various 
invasive/nletastatic potential. This is not so surpris- 
ing if one  considers  the key funct ions  that PGs play 
in the regulat ion of cell proliferation,  adhes ion  and 
motility. However ,  characterization of PG expres- 
s ion in indiv idual  tumor types still awaits  further 
detailed studies.  Data on m e l a n o m a s  clearly indi- 
cate that PG p h e n o t y p e  is both specific and also 
promiscuous  in a sense  that ectopic express ion of 
certain t issue specif ic PGs can occur in various 

tumors. Expression of a metastatic phermtype-spe-  
cific splice variants of CD44 provides  an example  
for the poss ible  marker-funct ion of PG. This also 
raises the hope  that some  PGs could be used as 
diagnost ic /prognost ic  tools  in pathology  or even as 
a therapeutic targets against tumor d isseminat ion .  
On the other hand, specific g lycanat ion inhibitors  
may also be used for the m o d u l a t i o n  of tumor PG 
exist and the invasive phenotype .  ( l 'athokGy On- 
cology Resea rch  Vol 1, N o l ,  85-93,  1995) 
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Introduction 

Dissemination of malignant tumors (rnelastatizationl is a 
casc;,tde consisting of  detachment of cells flom tl~e primary, 

tumor, invasion of  the surrounding extracellular matrix 
(ECM), intravasation, dissemination in the circulatory sys- 

tem. adhesion to vessel wall, cxtravasation and growth at 
secondary sites. It is clear that tumor ceI1-ECM interactions 
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are extremely importanl and specific momenls of the disse- 
mination process, m Tumor ceII-ECM interactions are media- 
led by adhesion receptors: inlegrins,-"' non-integrins, 4 pro- 

teoglycans, ~ motility,-receptors and enzymes responsible lot  

digestion. Cell proliferation and cell-cell/cell-matrix inter- 
actions are the two nlajur aspects of runlet progression.' 
During tumor cell dissemination, adhesive processes be 

come more significant than proliferative ones. The integrin 
receptors on tumor cells were shown to be involved in dif- 

ferent steps of the metastatic cascade: m adhesion to and 

spreading on matrices, <̀ in celhllar nligration ~ as well as in 
uictastasis folmation. '  Alnong lhc different integrin recep- 
tors. [{3 l 7 and 133 Swerc implicated in tumor ccI1-ECM inter- 

actions and thereby to influence the metastatic phenotype. 
Although the regulation of  the development  and expre~,- 

sion of  the metastatic phenotype is not known yet, two sets 

of genes were discovered which may promote or inhibit 
tills process, lhe  gene product, nm23. inhibit> the mani- 
fcstatkm of  the invasive/mctastatic phcnotype in several 

human tumor models - but most probably not in human 
melanoma" (Fodstad O, Personal comnmnicat ion).  Two 

distinct genes were identified whose products promote the 
manifestation of  the metastatic phenotype: a unique splice 

variant of  the adhesion receptor C D 4 4 "  and rots l, a Ca ++- 
binding cyloskelctal protein. ~ Unfortunately there is no 

data in the literature to support that cithcr of  these is inw)Iv- 
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ed in the rcgulatioil of the metastatic phennt \lye of imilig 
llalll nlelLlllOllla. Accorcliilgly. in case of hCllllall illclallOllla 
the regulation c~t lhc expression of in\asi\c/ii icta<,talic 
l~tlei~clt} pc is 11oi kllO\~ II \c l  alld there arc 1/o specific in\ ;i- 
sion markers a'~ a.ilablc either. 

Table 1. Hyaluronic acid binding proteoglycans (hyalo- 
adherinsl 

FCM ITCM l)k~<m,t 
rartilo<%,,' J>;? Citt'[ilt?J~C llli'Illl~#'lTIll' 

aggrecan (CSI'G) PG M (CSU(;) CD44 
vcrsican (CSI'C;) 
hvaluronectirl (CSI>G) 
lletlr()gall (C'Sl'Q;) 

Proteog scans are a special class of glyc~conjugalc 
molecules. The core prtliein is glycosylaled on serinc/thrc- 
onine rcsiducs with glycosanlinoglycan (GAG) chains. 
GAGs are negati,~ely charged sugal-l-~olymers in which the 
negative charges are carried by, carboxyl and sulpl-late 
residues. Hyalurollate (IIA) is the olllv GAG which is not 
connected to a core protein. Other GAGs are chondi-t)ilin- 
(CS). dcrrimlan (DS). llcparan (HS) arid keralan sulphales 
(KS). These are attached to specific core protcins to form 
protenglycans (PG). HA, DS alld HS COiltains glcA alld 
glcNac while CS and KS o.)ntah] glcA and galNac v, ith 
alternate glcUA IHA, CS)or glclA (DS.IIS). 

t IA  is one of the best known ECM niolecule and can bc 
considered a ubiquitous colnponent of the matrix. HA is 
also the bcst known glycosainiiioglycan which differs 
froln others by the lack of a protein core. The niolecular 
weight of HA is corlsiderably Iligher than thai of ~tller 
PGs, providing a unique feature for HA to be distinguish- 
cd from the other GAGs. 7'cd;le I. shows current examples 
of HA binding molecules involved in the cell-HA inter- 
actions. 12 

Classificalion of proteoglycans is bascd cm the type of 
sugar chains ailached to tile core protein: CSPG. tlSPG, 
DSPG and KSPG. ltowever, it turned out that this classifi- 
cation is too rigid, because some of PGs, if not the majority. 
are hybrids, i.e. the core protein can be glycanated with 
either CS or HS chains or even with both. PG.,, are one of 
the mare components of the ECM. CSPGs such as aggrecan 
and versican are the high molecular weight representatives 
while decorin and biglycan are the slnall molecular 'aeigllt 
members. To date only perlecan was lound in the [ C M  
frets the group of HSPGs. The cell surface also conlains 
several members of the PO family of both CS- hybrid- and 
HSPG classes. Among CSPGs, CD44, the mehmoma asso- 
ciated antigen and thrombomodulin are transnlembrane 
proteins. Interestingly, the hybrid PGs at the cell surface 
were proved to be involved in the biriding and signalling of 
growth factors. Syndecans (bFGFi and betaglycan fTGF~) 
are coupled to the tyrosine kinase and serine/threonine 

kinase path,aaxs, lCSl)cctixely. Syi~dccal> ha\c other im 
p()rlalll tullclions, h)o. The', ha\e ',upporli\e roles in cell 
adhe:,ion io matrix proteins x ia the 115; chains of the ct ,c 
I~Iutein..'-;3ndecztii-2 (fibiukzlXcaiil i> Ilk' mn-,t abulldant 
menibrane ttSP(] i .  libroblasIs and hepah)c.,,Ics. Glypicari 
is a umquc mcn%nmc HSPG because Ihc core protcii~ is nol 
a Iransnlcnlbranc protehl and this lnulcuulc b, linked to lhc 
lipid bil'i',cr 'hr,~ugh ap, in.,.>i!,.Hph,,-ph:!!e-ttYq !ink;Ig,." A 
class of P(Jn is in/racellular and Ihe~>c PGs are predomi- 
i lai l l ly CNP(]s. Protolbpe elf these P(]s i'> ser-gl}cin, found 
it1 NK cell, inacropha.~e ;.llld lllaSi cctl gralltilc.'s; alld chfo 
lllograllin A. LI Ct'llllpt)llCl][ el" l]C'LlrOscCrclory .~rallLiles 
(7}ddc 2). Tilts d i \e rq l \  of Mrt lC l t l re  alld funcli lul of P(-i,, 
ll lay jusiif,, the ~,luclic~> on the rote {>l ttl111~)i cell PGs in the 
iiivasi\'etmelastatic cascade. ~: 

5~tgai hHr~hdhtlm 
chaiu 

Tabh,  2. I'roteoglycans 

[)[tt.ltlll I#It'HI[~FUItC Evtrm~'lhtlar 

KS fibroi-nodulm 
cornea I-KSI'(; 

CS chromogra CD44 aggrecan 
nin-A i-chain of I tLA-I )R biglycan 

melanoma associated decorin 
antigen (MAA) versican 

neu n~can colla~t?n-lX 
NG2 
phosphocan 
thrombon/t~dulin 

CS/t  IS ser-glycin betaglycan 
bVl~dt'Cd11- ] 
svndecan 3 
s~mdecari 4 
t,~arnphiglyca n; 
ryudocan) 

ttS glypican pcrlecan 
s v l l d o c a n  2 
(fibro e, lvca n) 
transferrm-recepkw 

Proteogl),cans" attd roden t  t u m o r  me ta~mses  

Initially, •tudics on the talc of glycoconjugates in tumor 
metastasis concentrated on glycolipids and glycoproleins. 
We 'acre among tile first trying h) reveal lhe role of PGs in 
the inva,,iveness el IUlllOfs. ~r162 u,~ed _'~LL [Lllll()r illlCS ~,X<ltll 

different (high v e r s u s  11.}\~, ' ) li~<er metastatic potentials. I< 
Studies on the surface glycoconjugates of these tumor 
lines indicated decreased gal-lectin binding and MHC- 
KbDb expression and increased acridine orange hinding 
duc to increased sulphaled moieties on the surface of 
highly metastatic (hm) 3LL-HH cells. ~ Biochemical 
studies further substantiated the cytochemical observation 
on the accumulation of GAGs in the microenvironment of 
highly rnetastatic 3LL-ItH cells. ~v Analysis of the extra- 
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c+c]ltil:lt-aiR[ ~,tLl'l'.;tco (}i\(] pattCI-i~ I~l" the 31+1+ <_eli~ indicated 
lhul in ihc love illcta.dalic <.cll~ CS.  ~\hi lc ill the hi+uhl~ nictl.i- 
<~talic cclN IIS \~i <, I]+lc prcclonlhlant I~i-in of  GA(b>. Ttli,+ 
phclit~typic ch',u-acteri,,lim \~+~i<~ 'qablo and \\a~> mainl' l i l lCd in 
cell lille', d c r i \ c d  [ io l l i  tl~c_" ,,/llicl Itiiilt)r~. I" l:urthcr <qudic <, 
indicated thai I~c~+ictu~ the increa>cd bier\  nthc>i,> Lin t ic \  ated 
~>r and dccrca~>cd clcuradatioi~ of ( }A( ]s  \~ci-c Ill0 
chulacicri,+lic>+ of  the hi.~hl~ lncta>,talic cell<+. '~ ~tt+idio.~ Oll the 
c'~i+.' pi-oloil~ c\prc.~,h>l~ ,:~1 PG<+ iit thc>c tumor lip+. '<, l0~,ttltc.'cl 
in ~i ctmtrt~\cr<>ial ~+b,~cr\uliun: bt~th the CS ',l~> ,e l l  :is the 
l lS-I>(i unliucn c~.pic,,~ion docrea~t_'d on the '<irf;icc ~)1 
iii+~hi+x me\asiatic ccii~. ~<' \\'c ha\c <+,Li~gc~led that tills can be 
cxpluincd b\. ( I ) the incrcased giycanution o f  PGs masking 
ihc c'orc : inl i~cll: (2! the c_'Xl~tc,,?>i~ ii o f  d i l lcrcnl  corc c_'pi 
iope~, on lhc cetl lees:  (3) the Io<,~> of  ccrtain core protein 
epilupes in the highly mctast:ttic cells. 

Based on these qudics \~c have conchlded that IIS or 
t tSPG II]LI} pl:t), i lnportant i+olc in shaping the melt\static 
phcl~otype o 31J~-HH cclls. Thcrel+orc wc have Llnaly• 
ihc rot\ fact ion o f  exog0nou~, HS with the low and h igh l )  
metaslaiic 31.1. cells. We foui ld tt+ial I-IS but nol olhor 
GAGs has sli im, lalod tile prol i ferat ion o f  highly  mela~>tatic 

�9 , f  

co in  but did not \he 1o'+\ inetastatic \ ' a  a r t s .  Both cell 
lines expressed H~-rcccptor~ (Kd=  10 <'+M) ttnd were able to 
in tc ina l i /e  \he t~ound ligand. However. in the low tncia 
st'<ltic cell l ine. 31 .I+, the Il igher ia l0  o f  internal izat ion was 
acconipanicd by a higher intracr degradation in coil- 
l i aq  Io Ihc highly lllola>,tatic cell<+. ~ahich exl+uos+~ed ~i ,4ur- 
I'acc ftS dcgrtlding clldt)gI).cosidase. > Tile expr0ssi(ni ol 
this enzyme \~as foLllld to bc associated v~ilh increased 

illOItislali0 phcnotypc in difTercnt cxpcrimcntul lnodcl 
~),.stcms. -+ t3iochcmical ~tudics indicated a highly sign\f\ 
ctini il~croa~0 in the cxpre~+sion of  HS-binding proteins on 
the surf\ice and in the ntlmle/l<, o f  h ighly nlela~latic cells, > 
Simi lar  association of  HS binding protein expression and 
increased mclasttltic potential ,,',,as \ tend  in rat ri]ubdo- 
111\ osaicoil l t i  cell lines a>, well.  7~ Acord ing to our intcrprc- 
talion, the nlosi impor lant rindinL_, '+\.us thc fact that HS (but 
ilO! other GAGs) st imulalod the prol i fcra l ion of  highl3 
metastatic 3I,L cells \nhilc it wa'> 

tastatic cells. A ~lOU I) of  cytokine 
TGF~. "<i/I~FGI:. HCGF. IL-4 etc.. 
city to bind hep:lrin, s.iil analogue 

ii~cllecti~e on low me- 
growth factors (such as 
7++Me 3) ll~+i\'t_, file capa- 
of  HS.  ,+ 'a> hi c.'tisc of  

those cvtokincs ltS(PG}s scr~c ab reccplors for thc~,c 
li~ancls and present lhem for the signaling receptor. -~ On 

tile other hand SC)lllO hcparin-I+~illding grou,th lactor~> ( l ike 
l+l'(lt~) i> +toi-cd in Ilic basel\lent n+cinbranc bound to 
HSP(i.  "+' Cells exhib i t ing stirittce [ tS-dcgrading endogly- 
ct)sitlase act ivi ty \could bc able to tel\use heparin-bit~ding 
cyiokines l lOm this store.'" It is not\worth}, thai i l igh ly  
inctaMatic tunlor coils cxhib i l  high surface cxprc>>sion of  
t fS(PGI. + ':~ high IIS bindii+ 7 pt>tential and stiff, ice l lS-  
cndoglycosidasc. > 13iuchemical analysis o f  tile t lS-bind- 
i l l# proteins indicalcd that the'+ arc hctei+ogoi~ou>, protein>: 
h i \h id ing thc HS bindin.~ ~zto~ath factor bFGF '~ and othcr 

pi+tltCilis (>cich +:is I)rOlcol}t ic ell/t\ nits). Ioo (7i//flc .?). h is 
iniportanl to slicss thai there \~ ',is nt) difh'rcncc dclcclctl in 
the /~ i / [ ro/ iH l i t ,  prol i l 'cral i tm of  3[+1+ ccll lines char:+ic- 
tcr i /ed I1", di t fcrcl i l  l i \ c r  llletasl~.itic polCilti~.i[.:" Thor\ fore.  
dill+ctcnccs in cell prol i fcrat ion, i f  ~+tll\. I l ia \  clcctlr ol+ll\ in 
the lllC.'t~.tst~.lsC+'> tl lctnscl\cs rcgulatcct b \  the ]oc'al 7ro\ \ th 
Iactors/c}tokinesJ We stigTcst \hal thc local (OlQilil d0ri- 
,+c_-d I HS binding .urowlh factorstc\tokines L/I'C +~{)l)tt Calldi- 
c[',Ild~ ['~)I" :,{IC_'h a ic~tiltilt~r'> i,,,<+ I , , / , ~  . . 

Iabh,  3. Heparin/heparan sulphate binding proteins 

ICA1 i~r~,tcis> fibroncctin, laminin,  vitronccfin,  
collagcil l-IV, 
thlonl[-~o>pond ill, cld,-,t.i iI 

f.TJtf(~k/ss~'s+,"<~'l+<>c~'~']s bP ( ;F ,  T(][: I$,  I IGF, hE( i t ,  GM- 
tiTct(,s LTbF, 11,4.%11 c:, 1L-5, I L-8, IL-12 

L~z_-.l!#,es mast ceil pretense, l ipoprotc, in 
lipasc, clastase, SOD 

( )/]t<'r pl+oh'h~s hi<,tt>t>, N-( :AM, viral capsid pro- 
teins (1 ISV), thronlbocvtc  factor 4 

H A  and  t u m o r  p r o g r e s s i o n  

Vv"ihn'~ tumor is not only characterized bx increased 

PG content, [+tlt due to ,.:xcc>>i\e production, the patient 's  
<+,CI+a Lllld Lll ' i l le iris+.,) COlII.LIiII r  Ic\cls of hwlhtronic 
acid. whici~ can bc diagnostic for the tumor rocLtrrcncc 

after surgery. Wiln! 's tumor contains %9 l+ohl more GAG 
lhan the nornll i l  k idne), colnpt+ising main ly  hyaluronic 
acid ',tnd [ [~.-~<J 

M'<tlignant nlo~+otholionm.~, libro,>arcomas and Iip~+~alco- 
IIIL1$ LIIC also cilaractcrized by tngh t]yaiuronic acid con- 
loll\. ~<j In case o f  llle~>olholioiiiti~,. HA can also bc dctcctcd 
in lhc plcur:.t] trtnlssudatc. ~'' The prcdonlinanl PG of  till of  

these tumors, however, is CSPG. 
Trol ler  cells c(mtainin~ HA-receptors arc aisle t~) es- 

tablish +.i HA-r ich  periccl luhu-i i l~. i t l iX. ~I ~-+ t l i gh  aff ini-  
ty/high q)eci f ic i t )  [ IA-rcccptoi~ ate o\clcXl)lC>~,ed in 
in\asivc hi.\\nan bia,tldcr c: lrcinolna mulls. ~' MciastaliC ral 
Calchlonla cclls express tile CD4-.!- vari,tllll, \+hich > ;.ibscnl 
fl+Olll I]Ol]-lllcta,;lalic clOllCS.~i Trallsfeclit)ll of thi~ CI744\  

\':it\ant into I.vmphoma cells iilcreases tumor ioenic i ty  as 
\+oil as nlcta,>talic polenl ial .  ~̀  

In SLIl/llll~.lI'},, it SeelllS that HA  tiild tile express\oil o1 HA-  
receptor oil lhc invading ruiner cells is an ilnpc)rtant pilc- 
nutypic iiY.ii-kcl. H/ \  alld 1t:\ receptors provide a MrLictural 
busis for I t lnlor cell locomot ion and also all ol fecl i \ 'c per\- 
cel lular dcfet+isc-<dlcol againsl attacl,;<~ o f  anl i- t tunoral 
defet+lso mechanisms. Based on the experimental data it 
seems that expres>Qoil o f  l lA-receptors b)  Itllllt)i- cells 
pro\ ides a select\oriel act\;.illtagc for those cells v+hich arc 
able ttl invade distant t)r.~allS. Thor\ fore.  it seen> that the 
I tA  l tA- rcccptor  intcracl ion illa.y bc a polcntial l~iigci for 
:.ill :trill inelastatic intor\ oniion. 
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Drotr a n d  hlllllall [lllllOl* i#l~'lasla,s~',~ 

( ' I ) 44 - (7SP( I  \~ ;i~ tklt ind tu he cxplcs<,cd b\ '  a ~\ idc \ ; i r i  
o r \  ) i f  huili;_lii coi l  type~ inc lud in  7 Cl~itholi'<l, iYiO, Cl~Ch~+l-ric 
Ullld 15.inl)ht>id cull>,. The itlllpcirt;.uk'c el ( ] ) 4 4  \\4~ rccc)u- 

n i / o d  \ \hen it \ \ ; i~ detected that ~,l.Hl/c t i t  the ~pl icc x al i ; l l / t  ~, 
l\~,!,,(;) \tOlO c \ c l u q \ c h  c\prcs'~ccl in c 'q~cr i tncnta l  II1L'- 
LI,4atic itiilli)i<~. F u i l h c r  ;in~t]}'~i~ h id ica tcd ,  that it,i hui,i,i;ui 
Ittll,iOf~,. ,~t1~.i11 u'~ iLil~C Lull ]Li l l~ Cdl]cui ' ,  Ll. JitJll I~,{i'C]i]t) 

c a . :  ' ),iCUlt+l~la,,tt)l,i~a. ' a ~ t u , + , i \  c m)n - lh>d~k in  1\ m- 
i+hloill a i~, the ( ' 1 ) 4 4  \ (+ \;.iri',inl \~ ~i+ o\  c_'rcxprc'~'~cd. 

I>rolc()71.~<',il l~ \ \C lO  i>olutcd ll+()lli '~t_'\Oi+'<i] htli,i,i;il,i lu- 
I]]t)f'-,. I ' hc  t+c',t c l ] a rac l c r i / cd  ',illW)l] U Ihen+ i', l],io ( ' ,~t) ( l  t ) l  
IliCl;.tlit)lll;4~ Ik i \  iii~t ;l 25() 1,1) pi<)lchi c~>lc ~' T h i ,  pt<~lcin i ,  
cxp ies~cd in l l-aliqOtl, i~cd i,i, iclalioc\lc'~. :-~ It i~ il]111)oll'<ii,il Io 

COl/niclcl" thai t i l l  <, (7%P(] 111;.1\ i)C I/iC',Ci,it in <~thcr t t l l l l t ) f  
I)po'~ liLe fihrt)n~u-cun,i~t ~ a im cLi111 ;ll<~> bc i~rc<~cnl in I\ l , i i  
phu ld  Ii~,~,i.lc",.. i ,-\n~ll.~,d~ o1 htiiii411 i l i c la i i o i iM  l inc-~ ',~ith 

\a i iou '~ mclu~t ; t t ic / inv~ i~ i \c  I~hci,i~l)r~o indic',ltmd Ih;.il tl~c 
express)())) ()t liiclL/IlOlll.Li ct~t)ci~ltc'cl ctl l t i~cn ct()0~ 111t)1 C()l- 

) c h i l e  \~ith ihm h- lva~i\c /~c l ia \ iou t  o1 lun,it) l  ccl l~. ~" ]1 ~4  <, 
,,]1o',>, 11 h e \ \  c \  e l .  l ] la i  ( '~ ]~( ]  \\ il<~ i l i \  o1\ ed ii,i the l ,noti l i t  v o f  

hul l )a l l  i],iclal]Ol]/;.i c e l k  "' 
Fhc  x al+ict\ ell tt1~1)<~ f luhh, 7) cull,, ihu, allCll lt i l) l l  o1+1 thu 

,;carcll l b r  the rule o1 HSP(i<> in I t l t i l o f  i)roTic<~qt)i,i. Thc<,c 
P(]g arc '<il)10 Itl h l lc rac l  \ \ i l h  III-~P~. l iai i~dl. ice ~i~li;.tb 
~ct/cr'<ilcd I-l~, I h o m  '<ii-l(t ~.c\c_'i;tl HBP<~ ;ilC in \  ohL 'd  i l i  ill\C) 
<,it)i,) allcl liich~t<-,t;_r.,i<,. ' [ h c  bc,d kl,it)\\i,i t t ~ l > ( i  <>1 hlLi111];/i,i 
tu111/ol ~. i ~, til)tltlo'.qit)i11<il'~l~ )he pcrlcc<in-l i l , ,0 tt~1~(i i) f  ct>hm 
CalCillOll,ia. ~ Bo lh  (',"gP(i (~.,t l i ( )mo lu~uc  o f  ll]CLlli(Hi,i;t 
( ' ~ l ) ( i l  i~ ;,inc] l ISP ( )  \ \c rc  i~d~tted l ro i i /  ht l l l l ; i f l  Qlionl; i , ,  ' 
\v l ]crc the 0xprc',~ioi, i  el lhc la l i c r  \t,.l'-, incica,~cd chuin~ 
rl,i~ii i~ilall l lral, i~(t)rnl;lt i~/n, t t S P ( b ,  lir~,l \ ~ c i c  i~ul~ticd l t tun  
t i t )man i l /cl; . i i ]ol] / ; i  by I~obci l~,  0I  ;il. ~' u'dl,i~ Ihc . \  ] / U , ~  ce l l  

l ine. 111 thlo, c col l~ I\\(> lyl~C <, ~ i  H";,P(I<, \~crr lol i l~d: ;i 
l i-;.i l l~lllClliblti l, ie p ro te in  \k i lh  lhr(u~H~O',l~ondh~-I~indin 7 
f )o lcnt ia l  a im cl b,.i~,ClllC.'iil n iemhrcu lc - l i kc  I I%P(I \~i l ! i  
l ib t - tmccl in  I-~iillclhl 7 chaructcrixl ic<,. The ro le o f  [J(]$ il,i Ihc 
i n \ ; i s i \ o i / 0 ' ~ ,  ol httil]~tt~ IL111/O1% \~ ;.1~1]I kl,it~\~,11 i.t{ )hal trine. 

\u ti<,ocl ~,c\cia] htil,i,i',it~ inchuloi,i~'4 linc<~ c lc r i \ cd  l r (u l i  
the p;_irc.'l/l A-')()D~ cel l  l inc ~ "  ~ii/d lhe H T I ~  l t lWt()r. '  Il l 

thi~ l~ai,iel t f f l ~  l~rovcd it) bc lhc loct<,l n~ct;i ' , iul ic ;tct_t)f- 

ctin 7 to in i / l ' o  Ic~;ts. I t f l lmvcd  by H F I 6 ~ .  The ilit)~t iiic_'l;.i- 

'~t;,itic iYiciail()l,i/a \v;.i~. the M I \ a r i an )  t)t Ihc H i  1(~ l inc ~ 
l o l i m v c d  by the i)ar01]l A ] ( ) ~  l ine. The n,iodcl ,.:.v'qcl,il i l l 
whichl \~u lir'~t l l ) t l0{ l  1}(i ',illCl-'<iliow~ in Itiii11{/r mcll~ pro- 
\ ' idcci a un ique ,q.'lc_'clion i,i/c'ch;ll~i<q,i~ b)  ,<~hich h igh l i \ c r  
incta~,latic ttii,nt)r ccl l~ and line,, c()t i]d be cst~ihli<dwd uq i ]~  
i l l tr; l ,q-i lcrdr h ]ocu iu l i on  ii,i in,il,ilunosul)t~ro,-~ccl i11ik_~_~. ~' ' l  ' 
\u <-,tl~C~lcd th',ii ,;uch phcn{,itVl)iC altl. 'ralit)n,, i l i a ) t ~ t k c  
p lace dur in  7 the lit-,~l nC{lUCnce t)f  ~t)lccn l i~cr  tran~>iti~n e l  
)) l i l le}i  cel ls. Thcfc lo l -C.  t \ c  COlllt~al-otl the ,fl)k_'0n t~ril,i~;n.~ 
ll.li,iwH tff  the 1o\~ illeta<.4tatic H T  I (~bl 111e]anttllla to the mc-  
t;.isLalic LLII,IlOI+ col Is d e r i \ e d  f r o m  the co r rcnpund in~  l i \ c t  
liiCl~tMa$ch t i q i w  ] t~ lcN ~ti]d ~'~ I)rcc.l_if~,of lubelin<,~ " lhc 

] i \ c f - d C l ' i V o d  ]11.1111;.111 II1r cell,, v, crc dva rau t c r i z cd  

b\ a hi~2hcr intra- 4nd pcr icc l luhu ~Llllfll;.llcd ( ] : \ ( ]  bi~,n\'n- 
tl~cti<.' l-)Otcntial c()mparcd to tl)c ",plccH d c r i \ c d  mc lunomu 
colIn S I . ' "  X~rc ~ tl ~ ~c  ~ I c~t thai the increased cc l lu l ' ,u  accu 
l]]ulalil)l.i ()I r iG, \ (}  ~, ill l i \C l  d01i \  cd  Itllllt)l ~.u'l], r c , u l k ' d  ill 

a clccrcuncd G A G  rulcu~,u to tt~_' m i c r o c n \  holln/Cllt. Alla- 

l\~i~ uf Ills cell a~>ociuled (LAG,, tc\ealcd th',H the li\cr- 

d e r i \ c d  hunlan n~cltulo]iLt <.ell'-, Ct)l~[CLiIlt_'d t\~r ( ] A ( I  lr;t<._- 
Ii,>~;, <:cu~p;.t:+c,l ',," ;t >,i:~]'...' <,~p,e i!'. t!v- l~.!-i!~.!'4r! tt!m,+;r <h, 

r ixcd c o i N . '  The i'il'sl t)llC cent' ,tined t t A .  undc1-~>ullqlalcd 

(~ and l lh ~ hilt tl~e ~cc(md one pro\ cd ta bc ;i nc\~ (iA(i 

liacli(ul cunluiNin~ t\~o haHd <, ()I 'qflphatcd (% told u hc;n- 

il~ ~ulphatcd HS. : '  Thi~ data indic ' l tcd Ihat tile h)\~ me- 
hl~l; l t ic htH]]'dt] l l lCl; t l l t f l l l ; . I  COl)?, i l l  l i \  0r IllCtlt<IL/nC~ CK] ] IO~  

ed a n c ~  G A ( I  i~hcn(+lbl~C wh ich  i ,  not de tcc lub lc  in thc 
currcN]~)ndin b' primur) [I.III]OF \k"O c~mcludcd lhat c i l hc r  
the n f i c r t ) cn \ i r ( )nmcn t  ( l i vc r )  a I l cc l cd  the b i ( )s\ thcni~ (~1 
( ; . \ ( ; ~  in u',cl:u~,ulv,:.i co!l< ~,>r the tum<,r cel l  p(g~ul;Hi~m 
de r i vcd  lrOl l l  Ihc l i~cr  ~v~ts ;~ result  o f  oh>hal CXl)an~iul] e l  a 
mc lu i~ )n ]a  cel l  pOl)tl]ali(~n pr~'scnt it] ;m tmdelCc lab lc  
]'~l,.G)~)rli<>n i l l  {]IC I]filllalX II.IIII(H'. 

Ncx l  %~c s tud ied the G A ( )  COlHClll t)l i ndepcndcn l  hu- 
I /L i l l  II'IC];.IIIOI/ILI XCIIO~I'LIII% ~ i t h  d i l l c r c n l  l iver  IIICl',tM;.IIiC 

p~)tcnliuls. 11]1~ 4nf  t t ] l f l ~  p r i l n m  b tumnrs  cxh ib i t cd  
s im i l a r  ( i . : \Ci t l ) l l lCt l ln,  c\ci1 thoud~ ;m un; f l \s is  o f  the 
in,. l i ' , idu;f l  C(')iII[)OIIClll", ( 'S. l ) t ' , ; . t lS indic;~LtUd a d i l I c ic l~ l  
I ]al tcr l ] .  The rcl;tt i~ e ly more  InOl.tnlatic tLIl]l(+l ( ] [1'1 (iS) h;td 
:l h i~hcr  relat ive an](~m]L ~)I tt% cun/t~arcd I,, ('% fir, u] the 
It)v, l] lclast;H k: H T !  ~ . "  Sin,.:c Ihc ~t-,,)v, th Id lc  t)l the [ t l l / l t t ls  
d i l l c r c d  , . . , i ; l f i l icant l ) ,  IhClel\) lC it \ \4s not c lear whe the r  
the ahcrcd I+tidifcritlJ~)n cupac i t )  (;r t l ic I]k'tu<,t;Itic p(HCll 

tial ~4,+ a-,,~)ci~itcd ~ i l h  lhc d i l I c i c n l  ( ] \ (  i -p: t t tc tn .  . \n  
o thcr  Fact c l ) t l+pl icalcd thc i lHcrprct ; t t i ( )n ~)1 lhe~c ! i l k lm~> 
11LiI11CI\ lh;tt tllc 1"II+i11141 } tttlllt)f XCllO:21"dtt "+, Ini~lIl h ; i \c  
ct)nl.'<iill MI'OI//;ii ClCl,ilClib; Cc)lHt'il'uttJil? lo thlc altercit ionh ii,i 
the (L: \ (  i p; i l tcrn. 

Io c l+i l i l~ liw<,c I]()il,il~ \ \ c  tl~cd a l l o l hc l  at+l!rt)cich: \~.c' 
<quclicd the P(i> t+r()ulciccd b \  l+lclnian i,i,icl411oiila ccl l  lii,ic.',, 
~ i l h  d i l l c r cn t  ii ic:Ll-,t4liu i),>k:ntiul dcl i ,cci  l ru i l l  the ,,ti~ic 
t]4rClli l ine . \  2l)5<~. +kc COll,ip;.tlcd the feJct t l \c i \  lt)~.\ iliC 
L i 'qat lc  H I  I()+ hl/c It) l i l t  lllO)lt' II,iCl',i>i;itic , \  ' ( )5~ 4ticl 
h iTh ly  i,i~ct;i+t;ttic t l  FIC)<~ N i l .  \11 Ihc,,c cul l  ] i i ic  <, c \ h i b h u d  
, , im i lu r  is~ vilmf#s~ vM'(J imf l i l t . , ra t ion cup; lc i t } ,  theroikwc 
ciiliclCl,iCc,-, in t ) ( i  i~io:-,\i itl lc'q,~ i l l d \  l)c ,i~,r>~,ci,.itctl w i th  
the i r  inv'<,i~ivc [)hr 

t~) ih in the H f  16~ ai,id ii~ hi~hl b incLtg<fl ic \ali4111 ~11 
\ \ c  lot)rift s i ln i lar  ;il.i]t)lilllt o f  cc lh i lu r  s ( i A ( i  I~\ iliCt~il/t>tlc 
h ibc l in~.  ~ th ) \~o \c i .  Ihc hiTh n~ota',tatic IiFic M I tlCCilllltl 
la lcd ( ' ~  inilctcc] hllurl.\,', and ;i <, ;i c~)n<~oqtlcncc, ii,i those ccll~ 
[IS clon/hla lcd over  (.7~ at the cel l  <,url"<ice. Next  \\'c.' gud i cd  
the k~cal i /u l i tm o f  CS and HS il,i hulli;. l l l ll,iCl<tiilt)ll,i4 line,, 
\~ith di f lLucni  met:i~;talic i)otcnti41 bv ii, i~imli, ioc\' lt)chc 
mi~t iv .  Adherent  ti.lWiOf cell.~ wore f ixed and lahc l lcd \~ith 
; l i l l i - (S  arid 4n i i - t fS  14ot lodon; l l  iu~tibodic<~, li b> 0 \ i den l  
thai (~> i <, h0av i ly  OXl)i-c.~,~oit at the apical  ,qtrf',icc n f  l o \ \  
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R u l e  ~+I Iholco.~l ' ,  cam,  il) Ttm+ur  l>ro#ru,, , , ion B~-, + 

Fi~,ure 1. Ldc~/i:~ioH ~!t ~/F~(~slTmmo~,qFr iJl fil~rom'cth1-~7~/tcrcllt hum+~tt mclt~lldm~t ~c/ls ~'it]~ dif~i'r~'Ht mH~tstt~tiC F~tcJ~thfl 
lim,,mmr162 A: CHI.I~u Ji~tribtttio~ ~( C5 ipl ftTTL~,~ lo~t, m~'flT<l~zfic mclmmm~z n41. N,~tr Um ~fi(tl~<~' cFtr htlU 

z. R: CHlu/~7r distribzttfi~ e( C~ i~t ]ti'.Jz mch~fz~tzc I tT~dS-M! cells. Note Utc clcm+ Fuk~ri:cJ ~tistri l~.l i~ ~f C~i couc~'~tmtc~f nt 
h'~Ji~ S cJt4c.. (~tro~'L 3()Od +~. C: Cclluh7t ~fi<t~it~t~ti~ of tIS iH Io;c mcl~st~ttc HFIOS Itmltl~t mch~Hoiiz~ cHl_~ N~tc tht' F~tchff 

D: CHhd~r distribtdioH ~!f t fF, i~z hi,Rlz m~+h~shTtic HT76S M7 ~~'lts. Not+' the' :~ ctumHntio~ ~f t1~ lit i>~ tll/zfcr the' lc~di~lt~ ~'~f.O'" 
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metastatic HTI68 human melanoma cells (Fig. ] a) while its 
distribution became highly pohuized on the surlhce of 
highly metastatic HT 168-M 1 cells (F&. 1 b*. The subcellular 
distribution of HS-chains is diffcrent from thai of CS on 
human melanomas. HS expression is low and diffuse on low 
metastatic HTI68 melanoma cells (Fig. l c), while the HS- 
reaction is high on highly metastatic melanoma cells and 
can be localized to attachment membranes (Fig.l d). This 
indicates that the CS- and HS-PGs arc localized tt> different 
surface domains on human melanoma cells. The polarized 
distribution of CS suggest its involvement in cell movement. 
as it was recently suggested, 4+, while the accumulation of HS 
at attachment membranes indicates the involvement of some 
HS-PGs in tumor cell adhesion. 

Comparing the amount of HS in A-2058 cells to that in 
the lower metastatic HTI68 line, we found an elevated 
amount of extracelhdar MS in the A-2058 cells and an 
intracellular accumulation of HS in the low metastatic 
HTI68 cells, though in a highly' degraded form (8-1(/ Kd 
versus 30-40 kD). Besides the difference in the intracellular 
HS-degrading potential, the more metastatic cells were cha- 
racterized by a more dynamic IIS secretion contributing to 
the estaNishment of an tlS-rich microenvironment. 55 By 
comparing the two more metastatic lines A-2058 and 
HTI68-MI to HTI68 low metastatic cells we concluded 
that the development of the altered GAG phenotype was 
achieved in two ways. In A-2058 cells a decreased intracel 
lular degradation and increased secretion of HS was asso- 
ciated with the more invasive phenotype while in the 
HTI68-M1 wtriant an intracellular accumulation of CS 
resulted in a predominance of HS at the cell surface. 

Next, we studied the expression of PG antigens in mela- 
noma lines with different metastatic phenotypes. There 
was no difference in meI-CSPG expression between tile 
melanoma lines studied which is in aggreement with pre- 
vious reports that showed the mel-CSPG did not play a 
role in the invasive phenotype of melanoma cells. 5~ it was 
also interesting that aggrecan antigens were expressed by 
ahnost all of the melanoma lines ~'~ detected by mono- 
clonal antibodies against fetal (HFPG529) and aduh 
(MKI72) cartilage CSPG. In the highly metastatic ItT168- 
M 1 cells the disappearence of HFPG epitopes was observ- 
ed with preservation of the MK172-types. s~ In the meta- 
static A-2058 cells the expression of meI-CSPG did not 
change compared to HTI68. while the expression of 
HFPG epilopes decreased. ~ Bascd on this data we can 
conclude that the increased liver metastatic phenotype 
does not correlate with a well-defined CSPG antigen pat- 
tern. Biochemical studies indicated that A-2058 variants 
contain a range of CSPGs with molecular sizes of 400; 
500:600 and 1000 kD. 5e' ht the A-2058 cells the 1000 kD 
band disappeared in parallel with a loss of HA-binding 
sites. >e' We lhcreforc conclude that the expression of agg- 
rccan4ype CSPG and reel CSPG are regulated differently 
in nlelanoma cells�9 

HSPG of A-2{}58 melanoma cells was h)und in two 
forms: a small and a high m,a folnls s4 the former corre- 
sponding to a transmembrane-type HSPG and the latter to a 
perlecan-type HSPG. Both the high-met HTI68-M 1"+ and 
the metastatic A-2058 cells exhibited increased perlecan- 
like HSPG-antigen expression (BN42) compared to the 
low metastaticy HTI68 line whereas HT168-MI cells. 
unlike A-2058 ones, overexpressed a small mw fibroblast 
type fISPG (FWI 6).54 These findings, together the prcvi  
ously described biochemical studies indicated that in A- 
2058 cells, HSPG secretion while in the MI cells the 
surfacc localization of HS(PG) were predominant. In M I 
cells HSPG was present exclusively in adhesion plaques 

�9 s 4  indicating their role in adhesmn. This observation was 
further substantiated by ultrastmetural cytoehemislry. The 
celt surfaces of both HTI68 and MI cells contained Cup- 
rolinie Blue-positive granules indicating tile presence of 
highly sulphated PG expression. 5~ Unlike in t4T168 celN 
hov<ver, in highly metastatic HT168-MI cells highly 
sulphated PG was detected under the plasma membrane in 
contact with the substrate. 5~ Further studies showed that 
the HS chains of HT168 cells were able to interact with 
fibroncctin and lammm.", ss By itllnltnlO electron micros- 
copy the fibroblast-HSPG epitopes were rarely found at 
the surface of HT168 and more frequently on ~/11 cell > 
with no difference in the intracellular distribution. 

The PG phcnotype of human melanoma lines wax recent- 
ly analyzed by using molecular biology and PG specific 
antibodies (J.Tfmfir, l.Kowdszky: unpublished observa- 
tions). These studies indicated that (1) among known 
HSPGs only perlecan can be identified in both HT168 and 
HT168-MI lines: (2) four different CSPG species can be 
identified in these tumor lines: decorin, meI-CSPG, aggre- 
can and CD44 (Table 4!, At least in our model system the 
highly metastatic melanoma cells are characterized by high 
surPace expression of HS(PG), CS(PG) and CD44. 

Table 4. Expression of proteoglycans at the cell surface 
of human melanoma lines with different metastatic 
potential 

Cell line HSPG decorin a gyreca~t CD44 reel-PC 

HT168 32.5 92.4 10.2 39,9 70.8 
HT168-M1 80.9 89.9 80.3 79.8 80.3 

Data represent percent of positive cells in the cell population deter- 
mined by imn-mnocytocl'temistry and flow cytometry (mean of three 
>amples; SD < IU', / 

A role for HS-proteoglycans in tumor progression was 
recently indicated in experimental model systems (7hbh, 5). 
Analysis of the expresskm of syndeean-I in tumors indicat- 
ed that in both experimental and human epithelial tumors 
this HSPG is lost during malignant transformation.': This 
statement can be corroborated by our recent studies on 
human melanoma lines with different metastatic potenti,'d 
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Table 5. Alterat ion  of HS/CS ratio in more metastat ic  
variants of exper imenta l  tumor m o d e l  sy s t ems  

Tmtlor type l_im's f t S /CS  Rcfi'- 
F~?til) t'CtlCP 

mouse  m e l a n o m a  B16F1/F10 u p  59 
BI6YL1/YM1,FI1 u p  60 

LLT/LLT- f t l  f u p  17 
I , M / H M  up  18 

E b / E s B  d o w n  61 

RMSS/RMS0,  RMS6 up  62,63 

I tT18 / I  1T168 u p  51 
HT168/HT168-M1 up  54 
M4Be , IC8 /7Gp122  d o w n  64 
skin up  58 

111ouse lUl)g carcil~OlY~a 

m o u s e  T l y m p h o m a  

rat r h a b d o m y o s a r c o m a  

h u m a n  m e l a n o m a  

(J.Timfir, l .Kovalszky:  unpubl i shed  observat ions) .  More  

recently, studies were per formed on lhe express ion of an- 

o ther  HSPG, pcrlecan,  in h u m a n  me lanoma  lines, and it 

was found that in skin melanoma,  per lecan express ion is 
dramat ica l ly  increased.  ~s Fur thermore ,  these studies also 

suggested that neut rophins  regulate  the express ion of  

perlecan which  in turn may be respons ib le  for the release 
o f h e p a r a n a s e  - - ss actlxqt~. 

The  widesp read  i n v o l v e m e n t  of  t u m o r  cell H S P G  in 

t umor  p rogress ion  raised the poss ib i l i ty  to use these PGs 

as the rapeu l ic  target  to inh ib i t  metas tas i s  to rmat ion .  The 

b io syn thes i s  of  t umor  cell H S P G  can be se lec t ive ly  inhi- 

bi ted by: a newly  d i scovered  inh ib i to r  of HS, HUdR.  "~'5 

These  s tudies  ind ica ted  that in vivo inh ib i t ion  o f  tumor  

cell HS b iosyn thes i s  inhibi ts  bo th  lung and l iver  colony 

fo rmat ion  wi thou t  a s ign i f i can t  effect  on the g rowth  of  

tin( p r imary  tumor ,  sugges t ing  that  t umor  cell H S P G  is 

necessa ry  for  d i s s e m i n a l i o n :  '~ Ana lyz ing  the effect  of 

t t U d R  it was  found that the inhibi t ion of  HSPG biosynthe-  

sis inh ib i t s  bo th  t umor  cell  E C M  in te rac t ion  (adhes ion  

and sprcad ing)  as well  as m i c r o i n v a s i v c n e s s  on fibro- 
blas t  monolayers / ' 5  
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