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Abstract

Chondroitin sulfate A {CSA) is an important receptor for Plasmodium falciparum
infected erythrocytes in the placenta. To study the molecular interaction between
parasitized erythrocytes (PE) to CSA, we performed in vitro cytcadherence inhibition
assays of PE infected with wild and laboratory isolates of P. falciparum to CSA using
various glycosaminoglycans {GAGs). Chondroitin sulfate D (CSD) and chondroitin
sulfate E (CSE), which comprise similar repeating disaccharide structure and sulfation
at position 4 of N-acetyl-galactosamine, were able to almost completely inhibit adhesion
at low concentrations. The effect was dose dependent with the same degree of
inhibition to that of soluble CSA. Partial inhibitory activity was observed when
chondroitin sulfate C, chondroitin sulfate B and polyolpolysulfate were used. Other
GAGs such as keratan sulfate, colominic acid and Suramine were unable to inhibit PE
adherence. The results suggest that the 4-sulfate amino sugar moiety as well as the
basic disaccharide structure of chondroitin sulfate may influence the degree of this
molecular interaction. Interestingly, PE of the tested wild isolates could adhere to
immobilized CSD and CSE at different levels while PE of CSA-selected laboratory lines
could not. The results indicate the specificity of the interaction of the selected parasite
ligands to CSA and that variability in the level of adhesion to CSD and CSE is due to
mixed parasite populations with different adhesive motifs. n addition, we evaluated the
importance of sulfate as determinants of adhesion by using pentosan polysulfate, an
oversulfated molecule with a xylan backbone, as an inhibitor. A reduction of PE adherence
of most isolates tested was observed. Hence, only the sulfate content and pattern of this
molecule could affect the adhesive interactions. In addition, different low molecular weight
heparins also exhibited their capacity to inhibit CSA-mediated cytoadherence of PE, thereby

providing the basis for developing future therapeutic strategies.



] ]
<4 a0

anadrayuaznanzasilaninriinisive

& & =t . . a oo & ' & o
M3deLdauaIadssinn Plasmodium falciparum luﬂtyduﬂiin finl¥ifia
onunindaunndfia lasmwiendislasinaiausn (Primigravidae) aswuiniia
TWLITBIDIMITUYINGBY TIvanunwusiusnssluimlaiSouifsuifeaiunns
aanssiadsde 9 anld Unsduwuin chondroitin sulfate A 1w receptor Aganlunis
a =] da & o ' . =
\mz@ia (cytoadherence) Badliiniianuaififaita uadelinsuds ligand nalnnsiiia
L= -y B A i L 3 o P A =
wenFanw anaaaupldunu Jeaafndasiildaimsunindaunsediaiaruu
L5 & 0‘3 ] Ty O g J i = . = ~
wsnlagaslumamassdessden  giavldwuiBenamusonda Ligand uuiaiiaia
LAIENINIIINNEFANY chondroitin suffate A lulassnyidpfldsunuiamniniduns
\ 2 A A o = - . a
raw (5L83) emulafiazfnwanwmensdiaiives ligand LuRIER ATIIQAY
FuiufysImIMEiadunsugaiaannINugNITNwedbu var 34 encode (Huldsdunt
Tain Plasmodium falciparum erythrocyte membrane protein-1 (PfEMP-1) VUAILTRET1
& & A o -
Walfoauad wazanamusnuasbofiazuaadean (express) Widuwde ligand ann
] = = & o el v:l' grar | a
ni1 1 sievuAnssddiiataauas lasanwuiildiuondudslomlliumsdaunig
flasnumaiednIsnszning receptor-ligand WisanANNTULTITAIAINTUNINTDUYD

o oal e a :‘l‘ = = = A
wijslarsinaaironnaToriewasiiy

NRIWIDLNLN YD (Literature review) UazlanaII9 1989

Sequestration domamedevaniadeaunsidadsunadarianadursune
luaitazene 9 Unngmialiiisafasiumanizszning receptor-ligand Selasvialy
s luanadszianlyséin udluszos 3 Yk ldinssunumainmenaaiin
Sequestration 1@ NMsTIldadanuaifiaafioimeiu glycosaminoglycan (GAG)
‘ﬁﬁmﬂ’h chondroitin sulfate A (1, 2) %\3 express E]gl;lluﬁ’l C32 melanoma cell Ufz
Chinese hamster ovary cells {CHO cells) vﬁatﬁa GAG @T’Jﬁgﬂ immobilized aguu plate
§Wln in vivo WU correlation DavmimMe@aluin (placenta) aa wiaudud
endothelial cell luwsamAaasues (3, 4, 5) Fouavosmsnimameaamelusnilens
duwsunguasmafiawsdamw ﬂ’mmaluwmfoﬁmiﬁﬁam%rammL%ﬂﬁae‘i‘mﬁu 1y
ﬁﬂﬂ‘iﬂﬁﬁﬂﬁﬁﬂ@%"ﬁ (Low birth weight) ER Ik, pulmonary cedema WaxM5LHiA cerebral

malaria

FIRFUNIAUWLATILINWU chondroitin sulfate A LE receptor 1adLdaLFas
'n A’ = o Qs = { ] Lo 9
washdaTeanaForiawadihiy tianmshnguinide ufsfiaselasemsyme
uUnuY Postdoctoral Work 1 the Walter and Eliza Hall Institute) leivinnsaaidandsie

o g 23 ) A a A’ e O A = P ' “~
E‘T’WEJW%IE‘HGL&!ﬂLﬂﬂﬂLL@\‘]ﬂ@mL'ﬁaﬁﬂJ’ﬁﬂLﬂ'];‘..’ﬂl! CHO cells Ltﬂzﬂ@Lﬂaﬂﬂiﬁ@ﬂa%{L%LN@



Lﬁa@mmﬁgn trypsinized TUsARUUAINTAURZITRRUSIFIU1TOINETY C32 mefanoma
cells vlwanaaziuing receptor 'lmiagjuuﬁwnaﬁEl’a"l,ajﬁ;:{mm'mmriau NNS
fuamaimedadae free condroitin sulfate A, B llaz C, free heparan sulfate, dextran
sulfate LLa:ﬁlu § WuIN free chondroitin sulfate A Lmif'w?'iﬁ'uﬂu'ma: reverse NYItN1EH6
e (1, 2) LLa:ﬂﬁﬁwmwLﬁmﬁammoﬁﬁﬂﬁam%@maﬁunfﬁmmimmﬂﬁﬁﬁ'u C32
melanoma cell l¢f Liloaani] luanauulaies C32 melanoma cells ﬁﬁﬁmﬁfﬂ‘[maqa
Y19 250,000 Alamass @9ilsznaudie chondroitin sulfate A $1%70 13 Imaqa (6)
87U free CD36 WA free intracellular adhesion molecule-1 (ICAM-1) %dtﬂu common
adhesion molecules Limantasudimainzfevaniiadoauasfiandaunm Fosuus
i@

GAG \iluBaluanadiwan heteropolysaccharides Falsznaudaninasiilui
Wilw N-acetylated Waz hexuronic acid Tawdl sulfate 1wsulsznoy Wasuilu side
chain U84 protein backbone ﬁﬂrﬂmaqaﬁ’i’l proteoglycan tasiisaaui
proteoglycan 1n9rfialflumsinulye usstfs1fany heparin slfiilu anticoagulant
l4l3n thromboembolic diseases heparan sulfate sansnsunulUsfunaresiiaiiuna
ls@uddnluszuunmsinadowden 7) dmivlsausie GAG FuInfifivieeui
Aendianiumsduues sporozoites LWALTANL (hepatocyte) fia Heparan sulfate (HS)
HuLad (8) s umeansouantédn motif laas chondroitin sulfate A fnln3en
U ligand unAnLiaiBeauasii@aida ma'lfaﬁm’rmjﬁmml"’ml,t,a:aanLmu specific
oligosaccharide Aalflumssnulaald §atwaaviiiy heparin 3L antithrombin

Il e fibroblast growth factor

A latigfuunuIneay chondroitin sulfate A Tuwn131A9 adhesion £9laitfln

i e . - a @ as - W
fiLTa  chondroitin sulfate 31NN L MlRae Toln@azsunulysdulaslauity

Tutlszanmi 1 g/ml sz 40% 184 chondroitin sulfate Iwiiaaisznaudiy N-

- . d 1 [ " o v
acetylglucosamine TalugutlsznauNnaNUas chondroitin sulfate (9) lanTzaua Ny
Tudanatuiiandininzauvas chondroitin sulfate A RLEHUEINTINNzAevaLliaiEan

. & =i a  w f o .
uashdalsawianis (2, 9) ﬂaquum‘luﬁ;&’l@mmﬁﬁmwao chondroitin sulfate A T

- L] An J =3 ~ = uIJ
waevavdthenfasanadsrialadithiu

' Py = . o o & . s a g
suwdanaFedediumoiuifinulusssumdann @ndlae) vuaeiug
= b Lxd @ A AJ o ] 4
manmzdany csA luszaulndifing ICAM-1 Samsfinmivinlasngudisualas
A L7 ¥ = ar . ;: 1 L ¥ T d‘ 1 [}
3T laTudunusivsuuan 5.0.2. luadorou wumszmfﬁnnﬂuvlmmmm‘lwl'ﬁ
& A 5 s - iy [ | o & 4 Aa '
WiiassA ®nstinen chondroitin sulfate A LLa:"LmﬂﬂLaanmnwugvxmmmw

4 = a da & -y
SL83 TNIALRaALAINAALTE SLE3 U3 chondroitin sulfate A WR2 Thrombospondin



W@l LIFuny CD36 (10) mﬂﬁuﬁﬁ%q’lﬁ'{unnnﬁymlu in vitro culture  WazAnm&a lu
frussutuanldain Papua New Guinea ARHIAMBARINU (2) WaNIINTIENUIN
awld chondroitin sulfate A §31u receptor fiWLLK endothelial cells Va3 Saimiri
monkey (SBEC) (3, 11) Lm:LﬁmﬁaﬂLmﬁ@L%amsjﬁu'ﬁfmnﬂuvlﬂa’imm 3 1u 5 soiug
&IN1TNIUNY SBEC miLﬂ’]:aﬂﬁQﬂﬁuﬂg\iﬁ’m chondroitin sulfate A laatinediwne

miIasRgmnmz&alu in viro mald physiologic flow wuadaauadiaie
P. falciparum ®1ANTNIUNL chondroitin sulfate A nele wall shear stresses 'ﬁ 0.05-0.1
Pascal $1nwraindaauasimzauazdnvaemamaduluszdundaatunsime
Savraafiadaaunsdiaiany CD36 uas ICAM-1 (12, 13) uazdodld shear stress 7t 1.2
Pascal \flaaz detach 50% mautﬁmﬁﬂmmaﬂL%ﬂﬁm’lzag Jadunsngmdrdnlums
physiology 11n13tnzéia asuiadoauas@iniariu chondroitin sulfate A AU Shear
Stress 14 blood vessel (14)

&3V ligand w83 chondroitin sulfate A ﬁf’uﬁa”[ajﬁ;gwmmﬂu‘[maqalﬂLﬁmmﬁiﬁ
“ﬂ’aa‘,}amﬂmsﬁﬂm‘ﬂasfsé’admﬂﬂmaqaﬁﬁqmauﬁﬁ trypsin-insensitive (1, 2) W3
NAREINUNLT T4 %atﬂuﬂs‘éﬂmﬂﬁuﬁ'ﬁgnﬁﬂtﬁaﬂlﬁm:ﬁu chondroitin sulfate A i
PfEMP-1 ﬁﬁifﬂﬁﬂfniuLar}aLmﬂ@hﬂ,ﬂmnﬂiﬁmLL;JLLUU“?i%a FAF-EA8 TaLnizfiu
chondroitin sulfate A luszdudn 1flas31n31 PEEMP-1 @9 encode Iﬂﬂﬁy, var (I ligand
fiAgaTesiunsinzaiany CD36, ICAM-1 uas Thrombospondin (15) G9uwmINGNEA
sequence TaJ var gene (16) lumyﬁuﬁﬁmﬁ:ﬁu chondroitin sulfate A ﬁmfﬂw*ﬁ

conserved domain 1% var gene Wi

RIUAMUFUWUTUDY chondroitin sulfate A AuaTTAEIWARBLIa S Suan
] [ 3 .:1’ A v ar W
ns@nwIvas Fried was Duffy (4) wuitdaRaauasfamadalaansndnazinziy
chondroitin suifate A wazlaiinzniy receptor ﬁuﬂ] Ll peripheral blocd madﬁ@dﬁa
asiinudaifeauaidaa auNInINEND receptor 819 l@ea8 9Tl chondroitin
' & o A % a - a & = & &
suffate A flulaianaddgluin Sufisviasiumaaigdivievensouands nilisuy

piiduiulurnanaiugliduiuimivnifazaniida 9 edshlidunaldiseey

[ A

. & ¢ o ‘
ANURBILUNTEITE LY placenta FzaaRILBNITAIATIARTIARRIN (AalFoufiouszning

primigravidae WAz multigravidae) (17)

o e o A O e : . &
astnlein339uiAiuaiy chondroitin sulfate A uaz ligand vaslananailenah
ldgnmsinmlsanieasamusuwnrashialamamslwndsfiasiiduinaFosiolad
a A o 2 A C a e as a e &
ithfy wanenfidansfinmezuupfiduinnisaavausslundedariviiu

primigravidae %38 multigravidae 3atlluidamsisufidnnea i)



LONAIIDNIDS

1. Chaiyaro}, S.C. et al. (1994) Proc. Natl. Acad. Sci. U.S.A. 91: 10805-8.
2. Rogerson, S.J. et al. (1995) J. Exp. Med. 182: 15-20.

3. Gay, F.etal. J. Immunol. Meth. 184: 15-28.

4.  Fried, M. And Duffy, P.E. Science 272: 1502-4.

5, Maunza, K. et al. (1996) Res. Immunol. 147; 149-163.

6. Bumol, J.F. et al. (1984) J. Biol. Chem. 259: 12733-41.

7. lhrcke, N.S. et al. {1993) Immunol. Today 14; 500-505.

8. Pancake, S.J. etal. (1992) J. Cell Biol. 117: 1351-1357.

9. Volpi, N. et al. (1995) Biochem. Biophys. Acta 1243: 42-58.

10. Chaiyaroj, S.C. et al. (1996} Am. J. Trop. Med. Hyg. 55: 76-80.

11, Robert, C. et al. (1995) Res. Immunol. 146: 383-383.

12. Cooke, B.M. and Coppel, R.L. {1985) Parasitology Today

13. Coocke, B.M. et al. (1994) Br. J. Hematol. 87: 162-170.

14. Cooke, B.M. et al. Blood (in press).

15. Baruch, D. ef al. (1996) Proc. Natl. Acad. Sci. U.S.A. 93: 3497-3502.
16. Baruch, D. et al (1995) Cell, 82: 77-87.

17. Brabin, B.J. (1985) Rev. Infect. Dis. 7: 573-603.



naswisalusovilisznavaas
1. agicasd
1.1 Wefinnfnlfnienszduluanaszwing parasite ligand pufinifiafaaunsfife
\#a chondroitin sulfate A
1.2 Lﬁaﬁm:nﬁammamaaﬂmaoiﬂsﬁu Plasmodium falciparum membrane protein-1

Aj oo o L s - =t 'ﬁ ﬂu
PaaFoaaIy u,a:ﬂ’nuﬁuwuﬁnmmumnmmwaammLﬁammdﬁmﬂma

2. NIIANLHWIT
S R & A
msdufinnuntindu 4 1% aaulwgjg fe

& & ) B o  gal v P 5
21 MILWELasNTa Plasmodium falciparum ﬁ']ﬂwuﬁﬂvlgﬂ'ﬂqﬂﬁm\juﬂiiﬂ LLAZNT

ATIIRTZAUNTANERANT CSA

d.. et A‘ -
dialdTusaunandsain Mr. Alan Brockman W&z Dr. Francois Nosten
' (¥ e e Qe 8 g J A’ o . N
10 9. LARDA IRIAEN Q'}ﬁluvlﬂmm‘nm:mﬂat“ﬁa%uni:mmﬂai‘wﬁuﬁ parasitemia
- o [ a a o P
gowafissiinsannaaunamzdazasdafaauaifaaiiony CSA uaz CSA-
expressed cell laglunyilvas free CSA 16¥i1nns couple ML phosphatidy! inositol Las
\ARBL plastic Petri dish &4 CSA-expressed cell Wi AN L6FITa Lung
. . _ o 5
carcinoma cell (A549) 112710 American Type Culture Collection LR seed 11 2x10
cell/ml fauNINNIINARDS 1 A
& a Ao ad X dv o .
Fauna3afiiiunas culture Inaigadi laanan peripheral blood Liax
0 [y . o & v o
placental blood F1WINNIFRUTzINM 42 samples AT WITEFNNTIWZIRDI IALADY
20 g ludiuan 20 eug vmsiuiiuasmamsdaluszaudeutisgifio
500-700 cell $ia 100 lung carcinoma (A549) cells momuﬁufﬁﬂi:mm 100-300
= ar 1 “, & ; '
LTa&/100 A549 cells wiolurmeusldwunmansfany  Gawanmenasiinuii
. é a o = = ‘=I‘= ﬂu U:!'d -,
wanend tdannenudaaniidn WaiaauasfiiagananldnfiaTsinnnoanmede
My CsA luszdugs  lasawizadnaBaseWulfianan placental blood  agilafiana
XX Ky < o f e -
L'nammuanﬂLaﬂﬂﬂu culture tJulimmuazi ke nuaansolumanzioanas
A [ e { v a L r=3 Qs { ] »
Fafudnwuzinyldauadmiumamzaiuluansdug 1u CD 36, intercellular
adhesion molecule-1 {ICAM-1)

a

22 MIATIARaVilv antigenic variation mam%aﬁﬁm’mmmiﬂluﬂm,ﬂ']:%‘mﬁmﬁ@

LRaauLaIraaLta

& A & \ A | P oA A o . . .
watigninzigsdiwniiazgnuisanvinl jnisnfzandn agglutination
assay Aanagaunafianamenduusaiiaifaauaiifaiany convalescent sera filel

Pananlifdadasnads wax serum 1a9NTEeaf IAFUMT immunize §78 CSA-



selected isolates SL83 WL INILA® agglutination spafindanuasfianda Lisniud
%:Lﬁﬂmm:ﬁnmuﬁ’uﬁﬁﬁ paired convalescent sera LYinin udanafaruiiadanue
mm%amuﬁ'uq‘ﬁuq 1& uananil trypsin treatment Badiafaauasuvmoiug 5
Nl agglutination Aaldedn miouiuin trypsin treatment 92 expose domain U@

PLEMP-1 fivhliiAa agglutination reaction

2.3 MIANWLNYINY interaction U84 PR-EMP-1 Uadlalfaauasn@aiiani CSA

K39 slavinmneasslaayin in vitro competitive inhibitory assay lagldms
fduilsnfianwoziiu glycosaminoglycan watuzfia Muszduaueinanmansdatly

LONRITUBLRAILLAY 1 fip manuscript fdalUnTas Infection and Immunity

2.4 MILEMINDNUAI recombinant 1156 PF-EMP-1 LLasn15 map binding domain

nguEIvBNa9iIin1INAa fusion protein 189 overlapping polypeptide Faflu
§7u84 cDNA 283 var M IWUE CS2 s’fmﬂumﬂﬁuﬁﬁﬁmsﬁuﬁu CSA Lilanda
fusion protein L uA3puTa89:¥Ms map binding domain 1ae3F competitive inhibition
assay ﬁumﬂﬁuﬁ:ﬁ%’uﬁﬁ CSA, CSE ugy CSD iawinenufias identify  87m189

i o (V™ PV i & a & a ' e &
luanafiviwmiAduny glycosaminoglycan 113 3 wiiamsiiidsnglunsdniiuns

a o o o 9
3. NANTIHNDW ©) NINYIBUDI

3.1 WaNWITNIRUWIUIN TR TTETURWITG

3.1.1 S. Biswas, A. Escalante, S. Chaiyaroj, P. Angkasekwinai and A.A. Lal, 2000.
Prevalence of point mutations in the dihydrofolate reductase and
dihydropteroate synthetase genes of Plasmodium falciparum isolates from
india and Thailand: a molecular epidemiologic study. European Journal
of Tropical Medicine & International Health {TM & IH}). Volume 5, October
2000.

3.1.2 Chaisavaneeyakorn, 3., Kongtaweelert, P., Angkasekwinai, P., Brockman,
A., Nosten, F. and Chaiyaroj, 5.C. 2001. Novel cytoadherence receptors,
chondroitin sulfate D and E, and their inhibitory activities to CSA mediated
cytoadherence of Plasmodium. Infect Immun. In press.

3.1.3 Chaisavaneeyakorn, S.,.Angkasekwinai, P., Watkins, P., Chaiyaroj, S.C.
Adhesive characteristics and antigenic variations of Plasmodium faiciparum

infected erythrocytes from Thai pregnant women. Acta Tropica. Submitted.



3.2 57%1%LL&$518@:L§U@ﬁ1ﬁ§D L%mvl.ﬂtﬂu% HINTLLACLNUENIITY

3.2.1 l@5uLByan Thai Society of Microcirculation Wiiluinsnslunisusseny
L'%'ad Cytoadherence of Plasmodium falciparum — infected Erythrocytes to Endothelial
Cells 4 laausslnuiutuns Fudl 16 QAN 2542

3.2.2 l&sudnliliwingnsusseslunisyszgy inter-University Seminar on
Cooperative Research on Tropical Biotechnology L%:EN “Inhibition study of
cytoadherence of Plasmodium falciprum infected erythrocytes to target cells expressed
chondroitin sulfate A" th atizingenaas wufian Jufi 16 AN 2542

3.2.3 l&uBganainnuaaensrumyiouimasue e asdnne
nuiidadlddainaasslunaisewin Juil 14 funau w.e. 2542 o Wae Auditorium
1% 3 ANENSINUATE 3. wRas (@HEN)

3.2.4 \&uBgliiauanaaulumatszmu The Toyota Foundation Mini-
Symposium on Malaria tW anITmandluaiow u. uhaa "J’u‘ﬁ 13-14 4nN7194 2543
Lﬁuawamuﬁia{] Analysis of Mefloguine Resistance and pfmdr-1 Amplification of

Plasmodium falciparum |solates from Thailand.

3.3 mﬂ%auTmmﬁ’mmsﬁnﬁfn%mmiﬁu bl ﬁa‘\.mm:@i’mﬂs:mﬁ

— Dr. Altaf A. Lal, Center for Disease Control, Atlanta, U.S.A.

— Dr. Alan F. Cowman 37110 The Walter and Eliza Hall Institute of Medical

Science, Melbourne, Australia
-~ Mr. Alan Brockman, Shoklo Research Lab PIRIREN

— uet. 93, U550 aenle anuwnoemaad . doslng

3.4 nmmdaulgamadmmsiunndnamaasnalusomTuldsaniv

ImsiBalasny A, UW. ATTE ﬁaaﬁﬁqnﬁm LRSA Ty
TW. LITENRFIUATON 1. AR
A, a3, FOAS FIRIN

amﬁuﬁﬁuqmmrﬁ WRSADLININARAT 3LURGR

3.5 YwlasalUgIie

A a AN e © ' P & a P
Jywilngidaduilaiuuuline tiesannsdgsnadouszanaiiiinen

|
~ o

LA & al = o oA A o o o o=
WS IMTUNTTUWRINAMNUSEINY 3 L%E}Gﬁ]"lﬂLﬂ%G']%‘YlﬂﬂL%EN%’]ﬂG”I%ﬂﬂ'\l%ﬁ&Jﬁ"ﬂLﬂu

W91 m"wﬁ 1 .



3.6 ATUABLAZTDLAWDUUE

w - . W o i . . :
nessamsawidelan iy granting agency la¥inmsiadie publication @a
Fwnduaivayw wudl4idu 1,200,000 1v/paper N3 evaluate fiasldnuddy
AUILAUBEIINIEN TR

10



WNATTLULURN AT

Novel Cytoadherence Receptors, Chondroitin Sulfate D and E, and Their
Inhibitory Activities to Chondroitin Sulfate A-Mediated Cytoadherence

of Plasmodium falciparum

Sujittra Chaisavaneeyakorn,' Prachya Kongtaweelert,” Pornpimon

Angl«;asekwinai,1 Alan Brockman,3 Francois Nosten,>*°
and Sansanee C. Chaiyaroj'”

Department of Microbiology, Faculty of Science, Mahido! University,
Bangkok, Thailand," and Department of Biochemistry, Chiangmai University,
Chiangmai, Thailand,’ and Shoklo Malaria Research Unit, Mae Sot, Tak,
Thailand,” and Faculty of Tropical Medicine, Mahidol University, Bangkok,

Thailand,” and Nuffield Department of Medicine, John Radcliffe Hospital,

Oxford, UK.

Running Title: Chondrottin sulfate-mediated cytoadherence

Corresponding Author: Sansanee C. Chaiyaroj
Department of Microbiology
Faculty of Science, Mahidol University
Rama 6 Rd., Bangkok 10400
THAILAND
Tel:-(662) 246 0063 ext. 6600, 6610
Fax: (662) 644 5411

e-mail: scscy@mahidol.ac.th



ABSTRACT

Chondroitin sulfate A (CSA) is an important receptor for Plasmodium falciparum
infected erythrocytes in the placenta. To study the molecular interaction between
parasitized erythrocytes (PE) to CSA, we performed in vitro cytoadherence inhibition
assays of PE infected with wild and laboratory isolates of P. falciparum to CSA using
various glycosaminoglycans (GAGs). Chondroitin sulfate D (CSD) and chondroitin
sulfate E (CSE), which comprise similar repeating disaccharide structure and
sulfation at position 4 of N-acetyl-galactosamine, were able to almost completely
inhibit adhesion at low concentrations. The effect was dose dependent with the same
degree of inhibition to that of soluble CSA. Partial inhibitory activity was observed
when chondroitin sulfate C, chondroitin sulfate B and polyolpolysulfate were used.
Other GAGs such as keratan sulfate, colominic acid and Suramine were unable to inhibit
PE adherence. The results suggest that the 4-sulfate amino sugar moiety as well as the
basic disaccharide structure of chondroitin sulfate may influence the degree of this
molecular interaction. Interestingly, PE of the tested wild isolates could adhere to
immobilized CSD and CSE at different levels while PE of CSA-selected laboratory lines
could not. The results indicate the specificity of the interaction of the selected parasite
ligands to CSA and that variability in the level of adhesion to CSD and CSE is due to
mixed parasite populations with different adhesive motifs. In addition, we evaluated
the importance of sulfate as determinants of adhesion by using pentosan polysulfate, an
oversulfated molecule with a xylan backbone, as an inhibitor. A reduction of PE adherence of
most 1solates tested was observed. Hence, only the sulfate content and pattern of this molecule
could affect the adhesive interactiagls. In addition, different low molecular weight heparins
also exhibited their capacity to inhibit CSA-mediated cytoadherence of PE, thereby providing

the basis for developing future therapeutic strategies.



INTRODUCTION

In areas of malaria endemicity, pregnancy is often complicated by Plasmodium
Jalciparum infection. Premature delivery, stillbirths, low birth-weight of newborns as well
as increased maternal morbidity and mortality are associated with the accumulation of P.
falciparum malarial parasites in the intervillous spaces of placenta (4, 10). This process of
accumulation appears to be mediated by adhesive interactions between parasite ligands on
the surface of parasitized erythrocytes (PE) and host molecules. It has been demonstrated
that a high-molecular-weight galactosaminoglycan, chondroitin sulfate A (CSA), present
on the syncytiotrophoblasts that line the placenta is a receptor for PE (9). Another study
suggested that intercellular adhesion molecule-1 (ICAM-1) on the syncytiotrophoblast
surface can act as a receptor for parasite adhesion in placental sequestration (18).
Recently, a new placental receptor, hyaluronic acid (HA), was identified by Beeson ef al.
(2). In that study, some isolates adhered to either CSA or HA while the others
demonstrated binding to both receptors. The data also indicate that other unknown
receptor(s) may be involved in PE adherence.

It has become apparent that glycosaminoglycan (GAG) oligosaccharide sequences,
occurring in free form or as components of proteoglycans, participate in a number of
important biological processes (3, 26). In the case of blood stage malaria, CSA was the
first GAG to be identified as a cell adhesion molecule for PE in both static and flow-based
assays (6, 7, 21, 22).  Furthermore, CSA side chains of thrombomodulin, a type [
transmembrane glycoprotein expressed by vascular endothelial cells, have also been
implicated as a mediator of PE adherence (12, 23, 24). CS chains comprise a repeating
disaccharide unit of N-acetyl-galactosamine (GalNAc) and hexuronic acid, both

monosaccharides being linked with each other B-glycosidically (£1-3) (28). Unsulfated



sequences with this structure are named chondroitin. Heterogeneity in sulfation pattern
and hexuronic acid compositions differentiates CS into types. CSA contains a GalNAc-4-
sulfate linked to glucuronic acid (Glc A). Chondroitin sulfate C (CSC) is distinguished
from CSA by a 6-sulfation amino sugar moiety. Chondroitin sulfate B is similar in
sulfation to CSA but the uronic acid is predominantly iduronic acid (IdoA). Chondroitin
sulfate D (CSD) and chondroitin sulfate E (CSE) contain repeating units of GIcA(2S05)/1 -
3GalNAc(6S0;) and GleAB1-3GalNAc (450;, 6S03), respectively (25).

The basis of molecular interaction of parasite molecule(s) on the surface of PE and
CSA remains to be defined. In the study done by Beeson er al., disaccharides and
oligosaccharides were employed as competitive inhibitors for PE adherence to
immobilized ligands (1). The investigators found that inhibition of adherence of a
laboratory-selected isolate, CS2, was dependent on the molecular size of CSA. A CSA
tetradecasaccharide fraction was the minimum length able to almost completely inhibit
(82 PE adherence and the effect was in a dose dependent manner. Additionally, analysis
of sulfation suggested that the differences between CSA and CSC inhibitory activity could
be attributed to the differences in sulfate content and sulfation pattern.

In this study, we have investigated specific characteristics of PE and CSA
interaction using various GAGs together with certain drugs to inhibit clinical and
laboratory P. falciparum PE adherence to immobilized CSA and CSA-expressed cells. We
also demonstrated specific adherence of PE to chondroitin sulfate D and E as well as

heparin interference on CSA-mediated cytoadherence of PE.



MATERIALS AND METHODS

P. falciparum isolates and culture. Clinical P. falciparum isolates were
established from peripheral blood or delivered infected placentae of pregnant women from
Shoklo Malaria Research Unit, Mae Sot, Tak. Parasite clone SL83 was generated from an
isolate obtained from Prof. Somchai Looareesuwan, Faculty of Tropical Medicine,
Mahido] University, Bangkok, and maintained as previously described (5). The study
received ethical approval from the Ethics Committee of the Faculty of Tropical Medicine,
Mahidol Umversity, Bangkok, Thailand. All cultures were maintained using standard in
vitro cultivation (29). Parasite line T4 was generated from FAF-EA8 by repeatedly
selecting for trypsin-treated PE (6). This parasite line adhered specifically to CSA.

GAGs and a cell line. The following chemicals were used in cytoadherence
assays: chondroitin sulfate A (Sigma Chemical, St. Louis, MO) from bovine trachea;
chondroitin sulfate B (Sigma) from bovine mucosa; chondroitin sulfate C (Seikagaku
Kogyo, Tokyo, Japan) from shark cartilage; chondroitin sulfate D (Seikagaku Kogyo) from
shark cartilage; chondroitin sulfate E (Seikagaku Kogyo) from squid cartilage; keratan
sulfate (Seikagaku Kogyo); colominic acid (Sigma), a sialic acid polymer, from
Escherichia coli; pentosan polysulfate (SP54, a gift from Arthropharm Laboratories,
Sydney, Australia); polyolpolysulfate (POPS, a gift from Luitpold-Werk, Munich, F.R.G.);
Suramine (Germanin, a gift from Bayer AG, Leverkusen, E.R.G.); Fragmin (a low
molecular weight heparin, a gift from Dr. Chalotte Bryno, Pharmacia UpJohn, Sweden)
heparin (Sigma, H-9399) heparin (Sigma, H-5284), from porcine intestinal mucosa.
Chondroitin  sulfates and  heparan  sulfate were linked to  dipalmitoyl
phosphatidylethanolamine through the reducing terminus, using the method of Sugiura ez

al. (27).



Human lung carcinoma cells (ATCC CCL-185, A549) obtained from the American
Type Culture Collection were cultured in Ham F12 (Gibco-BRIL., Grand Island, NY) with
10% fetal bovine serum (FBS) (Flow Laboratories, McLean, VA). This cell line was used
in the SL83 selection for higher levels of adherence to CSA. Cells were seeded at 1x10°
cell/ml into petri dishes and incubated for at least 24 h before cytoadherence assays.

Cytoadherence assays. Cytoadherence assays were performed as described (6)
with some modifications. Adhesion molecules were preadsorbed to plastic petri dishes
(Nalge Nunc International, Naperville, IL) at 37°C for 4 h. We found that preadsorption
with 50 pg/ml of chondroitin sulfates supported high levels of adhesion. Subsequently,
dishes were blocked with 1% bovine serum albumin in PBS. The immobilized chondroitin
sulfates were overlaid with 3% or more trophozoite-infected erythrocytes and adhesion
was allowed to occur for 45 min at 37°C with occasional gentle agitation. Non-adherent
erythrocytes were removed by RPMI-Hepes washes (pH 6.8). Bound cells were fixed with
2% glutaraldehyde and Giemsa stained. Results were expressed as the number of
parasitized erythrocytes bound per 100 cells or per mm®. For inhibition assays, GAGs
were tested for inhibition of PE adhesion to cell line or to purified receptors by adding
GAGs at varying concentration to PE suspension prior to cytoadherence assays.

Selection for cytoadherence to cell line. Cytoadherence of clone SL83 was
enhanéed by performing cytoadherence assays on lung carcinoma cells (A549). After the
unattached cells were removed by gentle washing, the attached cells were flushed with
RPMI-Hepes supplemented with 10% human sera and transferred to new plastic petri
dishes. Fresh erythrocytes were added to a 4% Hct. Parasites were repeatedly selected on
5 further occasions until they adhered strongly to the target cells as well as to immaobilized

CSA. This selected line was designated SL.83-S6.



