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Abstract

Coartemether is the combination of endoperoxide i.e. artemether and acrylaminoalcohol i.e.
lumefantrine. Recent studies showed that both sensitivities to endoperoxides and acrylaminoalcohols
in Plasmodium falciparum were modulated by the polymorphisms of pfindrl gene. Using parasites
isolated from the patients in the multidrug-resistant areas i.e. Thai/Myanmar and Thai/Cambodia
borders, our study also showed those parasites containing wild-type pfindr1l gene exhibited more
resistant than those with K1-type mutation. We also found the cross resistance between the sensitivity
to artemether and lumefantrine in these isolates. Since pfimdrl gene can mediate the sensitivity to both
drugs so it is likely that these combinations may select for parasites containing wild-type pfindrl

gene.
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1 @ @ 1 v o Jdo @
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1w A g { 1 J { A
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[ 4 @ 4 yo} 1
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UDVDI pfindrl t’Nﬁwaﬂemm"lammﬂqmmgwuﬁmmm artemisinin (Reed et al., 2000; Duraisingh
1 I =\ A o 9 A A I 1

et al., 2000a) ’E)fJ'Nulﬁﬂ@]'llllJ‘UNﬁTc’NTLWIW‘UNWU@LL?N coartemether A9 MIUFINYTENOVVOY

[ 4 ! < ' '
artemether 9YWUDTVDN artemisinin 1A lumefantrine %4 lumefantrine Lﬂuﬂﬂuﬂ’q&l quinoline 9l

v Y [ v qu/ J qgj dy 491
Tﬂlﬁﬂaiﬂiﬂﬁi"ﬁﬂa?ﬂﬂﬁ halofantrine ﬂQHHﬂTi@]@UﬁH@Q@IfJEJ"I‘VNﬁ@QuGlULGH’O P. falciparum 919
dy 1o v ~ 1A Y 1 dy Il <3 o 5!
VUBYNUNIINAINUTUDIGU pfmdrl lefulﬂﬂ?]ﬂ‘]JEJﬂUﬂQNu f]fl"l\ﬂiﬂ@?ilf.lQUthﬁTfN"luﬂ’JﬁJ
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4 v 1 1
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%0 P. falciparum Uszunm 50 enewus azgminnldlumsnasesil Tagldisimaung
@ (Trager and Jensen, 1976) oy MAA@UMIAOUAHBIM0eN IaelF¥ITV0d Desjardins ef al.
1 < o 9 g/ Y v v [ ' o
(1979) #3911Jum59n hypoxanthine uptake vouUFalurindasadeniionlunnududuiaiaiu
= = @ gl dy dy ~ (=} = A Y 9 -2
nseuiisunuinaeasedn lulien e1zgmesenlu methanol #5o DMSO Tuanududu 10 M
A vy ¥ Yy 9 Ay v . & Hdqw A 9
nazazgnaeanIn laanududuidoan1sae complete medium 1Woh lfzgninenalidla 1%
. . ' Y 31 g & A A g 9
parasitemia 110z ldsaunuiindsuseniiowas lifien nazidenisld 93% N,, 3% 0,, 4% CO, 1oy
a I o (% 3 1 Qy a
ganni 37°C 1flunal 24 92 Tus waenniuld titriated hypoxanthine tazfe ineldanziau
o Y] QEJ} 3 g 1 ] Qy [V [
24 e waammineznuwe laununses  Nal3liuauaziasedy  hypoxanthine @2
[ v
scintillation counter Az IR IUIUM IC,, (ANUdNTUVRINFIWTDdUTIMTRT AT Taves
dy 9 a 4 ® 1 da’ ~ 1 dy I 1 =
1018 50%) TaeTisunsunouiumes GRAFIT a1 IC,, veudonasudussnotizilununie
Y
YBINMINARDIDE1N1I08 3 AT
Y4 o a & 4
MIANBINMINAHUTUDIBU pfindr1 92311 IaamAtin PCR-RFLP G9a101501ena1eWus
PR @ 4 . A 9 = [ dy o
AMIna1eWusIUY Kl-type (N86Y) 910 Wild type Hahl Idanmsdnyimenugnssuiiazaill
= ~ v dy 1 Y . A .
AFeuneuiuMInoUaUDIVOUFeADY1 TAald Chi-square 1150 Fisher Exact’s test
10. #2298
£ O g o R
1% P. falciparum 54 aewugniasalunaoanaasigniimiuen DNA luvaziniyoaylu
. 9 ® = v 7 .. di‘ o Y
358% trophozoite Tael% Chelex MIANEIENTIINUT (DNA fingerprinting) You¥oa1u15ani 14
a o A 9 dil &£ 9 =
Tagnaiin multiplex PCR Tag1i1 DNA fuon 1d91n1d011 amplified Tag PCR #9392 19 primer g

= 1 dy z | dy A o 1 @
encode 81 MSA-1, MSA-2 11ag CSP WU UBBNN 54 mﬂwumﬂuwammﬂwummﬂmﬂﬂu



ﬂ”l'iﬁﬂielm”l’iﬂmﬂﬁuﬁ'ﬂlm pfimdrl gene M lasimatin PCR-RFLP (Polymerase Chain
Reactions-Restriction Fragment Length Polymorphism) “’I:; N RERERITEI s ALY ﬁ'ﬁﬁmi AANEUT
11U K1-type (N86Y) Taely primer B pfmdrl PCR product ‘ﬁllﬁﬁlzgﬂﬁﬂﬂfi@ﬂiﬂﬂ restriction
endonuclease éd%xgﬂﬂﬂﬂuﬂﬂﬁ}?ﬂ 2% agarose gel 118¥A329A28 UV Transillumination 183910

M580UA2Y ethidium bromide FIANNTAATIINUANHULVOITU pfindr1 Aauaadlua1zaf 1

Y
v v
MINUAAIANHUSUDIOU pfindrl NMIANYUTD P. falciparum 54 A1OWUT

pfmdrl

Wild type K1 type

PUIU (%) 44 (81.5) 10 (18.5)

Y i v
A A

MSNATOUNTADVAUDIAINUIUFONY K1-type pfindr] NANURAEVOS artemether IC50
o A i 4 o A A 4
MNY 1.85 + 0.7 nM tlorfTeuneunuseni Wild-type pfindrl WUANURABD artemether IC50
Y & 1 1 A v o W aa ~ 491 A
A 3.9 + 2.1 nM FalANuuana e NUTed AN ana (p = 0.000) TuanznFonil Ki-type
A = . "o A = ~ - .
pfimdrl UAURAYUDY lumefantrine IC50 N1V 40.6 + 19.8 nM wenfTeumeunugenl Wild-type
pfindrl WUALRABVDY lumefantrine ICS0 (MAD 149.9 + 102 nM FINUANNUANAIOE19TI1Y
o W aa = <3 Y Y4 = =\ 1
AAYNNADA (p = 0.000) Fvzriu IAIMINAWRUTUUDU pfindr1 THaaoa1u lveeen

A o

artemether 110% lumefantrine 08190 AYNADA
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o @ d' d' 1 Y a A AAa 9 ] = d?
Jymdngigatissnnaunsone ldinaeimsguusaudediald  wu  aFeluaus
Yy 9
(cerebral malaria) WenINHFoNIANSelag Tyl szmea lneldWannsuansoannmsney
1 Y ~ 9 a :/1 J . . . di’ dy =
AUpIAEIATULIA15 8 lanatorianalungy quinolines 1Az antifolates N1IZNMIADENINIAIM
Y )
JUNTIIWEeeY Tasmmizusnuanouau Ine-tuwan (0.1e's 2.0519) tazmeuaulne-wi (o.
' A &L Y o ' 1A ' 4
wigea 2.010)  ilesnnilymlumsasenludsanalneldimahengulnife nquoysius
C e . ! d! =\ a A [ = a @
VDNYT artemisinin I¥U artemether LAY artesunate clmJﬂizﬁmmwiumiiﬂmmmﬁ&lﬂamﬂﬁu

= A (%

[ A Y @ Y U dyw < :I
Wunvwely Jaymivesms Iimsinudlsenguilaufe AeNUNMINAUITUE (recrudescence)
9 Aa R Ao & A ' < o &
lagalagmmz lusreniomsgunsaaz ludihentie ludoage  egelsnawmsnauiudg
dy v a 9 Y] dy dy 1 A 9 [ Y] A L] =
(recrudescence) ullﬂJ!,ﬂ‘c’J’J"U’t‘J\iﬂ‘Uﬂﬁﬂ’f)fl']‘l]@\?!‘b"ﬂ LLWE’]"I%LﬂEJ’J"’U’ENﬂ‘]JiZﬂU‘UENﬂWﬂﬂQiuﬂigllﬁmﬂ@
1 A ] o o 09/' o R 9 1 Y4 .. [ o oA
Tugranari luuninin aniuluilvgiudeddnguoyiusuese artemisinin 3wV lunquiniia
X Aaa 1 . I Y [ a o [ 2 A
ATIVINYT 1YW mefloquine Wuau uazwﬂumsﬂwammmﬁwaﬂmmﬁlm coartemether SKNUTIU
152nN9UTINTLNIN artemether 20 mg (8¢ lumefantrine 120 mg
dy 1 £ a dy 9 1 @ 1 1 A o
FUMAUVDANITADYITIUHUUNATINNITADVINIZHINYT AVDYWUTU Gluﬂixmﬂ“lmmam
. 1 g v y 1 < ] o 3 4
mefloquine ll”l(l%j wmwmmauaummmﬁa@amﬁaﬂaqamﬁami’ﬂummmauﬁu Lﬁﬂ\iiﬂﬂ
. = & 9 o .. ' A o . Y 1 ' = . =
mefloquine IM3IADVINAY quinine 1oz 11HI9NI1 mefloquine W1 1F0g1UsN P. falciparum 1
9 k4
1 .. v o ' <
NIABUAUDIND quinine ANDY (Suebsaeng et al., 1986) muumiﬁﬂywmsﬁasfhmzmmmw,ﬂu
9y A o a Y o = a dy dy 9y ' @ A
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1 1 [ ' [ I
agiuﬂqugaﬂaﬂu 1¥U quinoline aminoalcohol (mefloquine (181 halofantrine) ag1elsnaulu P
. dy Y ' A 9 1 @ 2 1 1 . .
falciparum  WuMsApIWITEHINON Inseaiwanannuld  wu enlungu  quinoline
1 v
aminoalcohol UALNQUOUNWUTUDIYN artemisinin (Basco and Le Bras, 1992; Gay et al., 1997;
Pradine et al., 1998)
Y
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v o Jdou Ao Y 1w ~ { g . { 1 . .
TUNUDNVUYU pfindrl dnnuNanyazvosauily wild type ADADEN mefloquine, halofantrine
J { A (% { [ 4 dyw ~ 1 4
Qg  quinine NWﬂﬂ?WL%@ﬁﬁaﬂmegu‘ﬁﬂﬁWﬂWl&‘lj‘ HONVINUIIUINWITUIINITNANRINWUTUDN

[ 1 1 Y4 J g {
pfindrl 83iinagon1u1IUDINAUOYWUTYDIET artemisinin na1IAe lwde P. falciparum Niiow

a 1 1 yc,’ 1 a 1 4 (] <3 {
pfindrl e wild type vziinu hase lunquildinsianaieiusg o1 lstawlivenenui



NuwavaLd (Reed et al., 2000; Duraisingh et al., 2000a; Duraisingh et al., 2000b; Basco and
{ o ' v
Ringwald, 2002) coartemether Ao enMiiudInysznouues artemether OYNUDHVUDY artemisinin LA
1 k4
lumefantrine 811UNGY quinoline &l Twranalasead1und1eiU halofantrine AITUMTADUAUDA
9 9 k4 9
' % 1o [ ] v v
aveaesti o P. fulciparum ©193U0IAUMINAWRUTUBIBU pfindrl IFURAGINUN TUNGU
dy l <] o =) v o oA (Y
i1 o613 lsnauda Wil wnuanuduiusimise
agUszasdueslasans
4 v 1 1
INOANYIHAYDININAWWUTUBIOU pfindrl ADMIADUAUDIADYN artemether 11AZ

4
lumefantrine (coartemether) 1U1¥® Plasmodium falciparum

Av A A Y
NATUIYNNYIVDN
[ A . £
Coartemether U NUAIUYTLNOVYDI artemether 20 mg g lumefantrine 120 mg
a d‘ o 9 [ ~ d' a . a dy dy d'd'd da’ da’ 1
Waﬁiﬂmﬁ)uﬂ‘]ﬂuﬂﬁiﬂ‘HHﬂaHiEﬂ/}Lﬂﬂiﬂﬂ P.  falciparum BUAADYI Gluwuﬂwm%aﬂamwu
Uszmnalng mM3SAuIAI8 Coartemether YA artemether 480 mg LAY lumefantrine 2880 mg TN
4
1% 6 a5a WwamsSnumenia 96-98% (van Vugt et al., 1999; van Vugt et al., 2000; Lefivre et al.,
v o = Y 3 A o A A a . a A
2001) A9UU coartemether fﬂ\i’iﬂﬂﬂlﬁlﬂﬂum!ﬁ’ﬂﬂiuﬂﬁiﬂ‘hﬂﬂla%iﬂﬂLﬂﬂfﬂTﬂ P. falciparum ¥UAND
0l
< 1 1 3
Lumefantrine (1 quinoline NQN aryl amino alcohol 1 Tnsea$19ndne halofantrine “db;\igﬂ
o J. 4 A o
duns12HAuL 18 Academy of Military Medical Sciences i1 Uszimaansisasydszmasuiu

IS = zﬂy = a . = A 19 9 Y = a A
YIUGNTN UV UTIYUR P.  falciparum Gluﬂi%LLﬁLﬁ’f)ﬂ'i$ﬂ%ﬂulilﬂlﬂfmﬁllﬂ@‘c’JNiJ‘]Ji%ﬁ‘VI‘ﬁﬂTW

9
[

v P '
o na lneengniugmilounuenlungy  quinoline A20UAD GUHY heme polymerization

1 I v ]
(WHO, 1990) luvaug? artemether (HuoyWusuod artemisinin e1snana’lanin Aremisia annua

Q{QJ [ Y = Y] < o a
ﬂa‘lﬂﬂTi@@ﬂi]VI‘ﬁEN"IJJTHT]JLL‘L!GH@ EJ"Ii]S’t’)i’Jﬂf]‘Vl‘ﬁ‘HﬁQiﬂﬂQﬂﬂﬁgéjuiﬂﬂlﬁﬁﬂ ﬂTiﬁLﬂﬂﬁTi@@ﬂ

]
=1

¢ ] ' v ¢ ]
gniaoreualemnzinzae o1 lunquiloongnsainde P. falciparum lunszudinonszezi

] ' a a < K% ' 4 [
lildwaldedefivsz@ninmuazsingy ualinnuill recrudescence Idgaiio g lumssnu

A I d’dld!daoaj wzw Y1 @ AA 1 & Aa ' . £ 3 2
maqmmﬂuﬂmummwmau ANUHUU 1"]55’33Jﬂ°UEH1/]3Jﬂ1ﬂ5\1°15’N]EJTJ 1% mefloquine cmmﬂu

4

iiaWa luMIKAAeT coartemether Uil
=2 Y1 v = A o dy 1 v R [ I
dadnd lutineanugudunumsaengueyiusvesen  artemisinin - Tumssnugile

~ a a o dy A 1 . . 1A
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1 U 4

NITADVAUBDIADNAUOYNUTUDIYT artemisinin ANBIAIY (Basco and Le Bras, 1992; Gay et al.,

. £ o A dy [ Y . . A tﬂy
1997; Pradine et al., 1998) FIANHUSNNUHD 1T UANHUL VD multidrug resistance anv e P.

k4 1 i1
falciparum msdininu hveusonuen ldandilenaise Uszme Gambia ionruguimiu
dﬂl Aq v 9 . 1A dy Y ' . o e
wvouron 1y lumsnaaoudd Duraisingh UagfAte WUNUNITABVUINTEHINYT dihydroartemisinin,
mefloquine, halofantrine L1¥ quinine

1 A = = =KX o dy =

Tusrsvanet N unimsanydsanyue multidrug resistance Twiwoe P. Salciparum %398
4 4

ﬁmiﬁﬁ]ﬂgljiu (cross resistance) 3¢¥31 mefloquine, halofantrine L8 quinine nalnmsnenos iy

~

) 4 4
1 ] 1 Y v o Jdo 1
nguitluszavendiznniuegiudu  pindrl  Bulilinnuduiusiumneuauoison

U

4 Y H
o A

. . .. A v A A , = 9
mefloquine, halofantrine L& quinine ‘I/NL"]f’EJ“VILaEN11!??@0‘1/1@1@’03Lm%ﬁfﬁ]m!&lﬂl’lﬂﬂmmiﬁﬂﬂWJ‘]J’JEJ
Y 1
Tuiuf (Wilson et al., 1989; Wilson et al., 1993; Price et al., 1999) Wilson ttagamg (1989) Ay
; d'dy Y 1 di} Ao ~ 4?}
FoNHee IUNDINAADINUIUFONUIIUIUGA  (copy  number)  VOWOU  pfindr]  WINVU
v o Jdo 1
(amplification) AUANUFUNUTIUNMTAADIVDINTADUAUDINDE mefloquine, halofantrine 4%
.. o usj Yy dy A P4 Y1 <] v W c’dy [ .
quinine wasantiu ldlimsnadoureniuen lavindilenwuanuduiusiiguny (Wilson et al.,
Y 1
1993) daudnmsanuludszmalnglag Price uazAmz WUINTD P. falciparum MuonIdang
v Y 1 2 v v
Thenuaaimsaene mefloquine, halofantrine (¢ quinine muwﬁumﬁuﬁﬁﬂmwm‘hmuw
= [ @ c’dy y A o o 9}49’ Ay 1 . .
VOIOU pfindr] ANNANWUTH IANMITuiuTaensnaassiili¥efene mefloquine (In vitro
Y v v 4
selection for mefloquine resistance) WUIUFOIHATHLMTAUTIUIUGAVOBY pfindr] WINTYU
1 < g 1 1
(Cowman et al., 1994; Peel et al., 1994) 0613 lsnamsAnuW¥e P. falciparum Muonlaaingile
=) 09/’ d' o . . . zﬂy td‘dy 1
wase Usznalng fantlae Price uagAmE 1az Chaiyaroj tazAsle WuL¥eNADABEN
. v Jdax = L:yol = d" A o Bldy 1 .
mefloquine UNAWRUFNIY pfindrl YAREI UONIINUHNTIBUFONTI1HADAD mefloquine

]
v A

o A 1 A o . 4 J
VNEORUTN INIMINUSUIUAV08Y pfindr] (Lim et al., 1996) FIHANTNANDIUATINUN

¥ 9
A A

v Y Y
Wﬂluﬂﬁ‘ﬂﬂaﬂﬂﬁﬁﬂﬁﬁﬂﬁﬂﬁﬂ halofantrine (In vitro selection for halofantrine resistance) (¥
9 ' )
UEAAIANHUZADTIINAD mefloquine LAY quinine Hag IUNUMSAUTIUIUYAVOEBY pfindr] 11D
=1 Y] dy "o J . . £ ] dyl dy 1 dy =1 dy A 1 <
MNYUNUVIBDLUNNUT (Ritchie et al., 1996) %QUQ‘H’J"IL%@L“H?HU@T%Nﬂallﬂﬂiiﬂﬂﬂiﬂuo] i’)fﬂxﬂﬁﬂ@"lll

C- =

A A4 v a4 o qyd & . . -
nalnduireniinaneril¥isedesn mefloquine, halofantrine (L81¢ quinine Tuilaatiudenelinim

Q

1 4 Y
A o

A Y o oA I A d . K oA A AA
NEIVOINUIY pfindr] NANIND FONUANYULYDIBUIY wild type 3zADAOEINGUHIINNIUFDNN
@ A A 4 . = 3 a A .
ANHULIUNNAYNUT (Mungthin et al., 1999; Reed et al., 2000) 84 pfindrl (UBUN highly
[ Y] 4 J {
conserved (Foote et al., 1990; Wilson et al., 1993) anHULMINAWHUTUDIGU pfindrl AN 11

Pagiiuditios 2 anbme Ao Ki-type FanulunitoFouazonsm uaz 7G8-type Fanulunial



a 9 [ o = A . . A
a13MId (Foote et al., 1990) Tagnsnateu gy Ki-type 9im3i)asuniladued amino acid #
o T < A v = A .
AN 86 910 Asn 11U Tyr TuvaizimsnateWuguuy 7G8-type 3:iMsnlasunladved amino

o o o I I I
acid 4 AHUITINAU AD 184 (Tyr 1JU Phe), 1034 (Ser 11U Cys), 1042 (Asn 11U Asp) uaz 1246
I @ v
(Asp 110 Tyr) mawudnuazmMInaenuivesdu pindrl lulszma lnewnmmwizuny Ki-type
2 A o = . . . = Y dy Y4
Fagnoudu TagnsANYIV09 Chaiyaroj HazAME 1Az Mungthin ttazANE DIEINFEORUT INY
@ 19 { o 1 =] [ 1 {5
VNABWUTILNUMINAWWUENA MU 184, 1034, 1042 way 1246 uannwulusasidiundunn
] ] o & o @
tag lmenuI WY (Wilson et al., 1993; Price et al., 1999; Lopes et al., 2002) Fududnyazung
Y4 y v 09.: A 1 1 v o J
MINAYRUTUUY 7G8-type UDNIINHMINAORUTIRNIZIANT 4 9ail ldnenulianmuduius
o Y 4 o P [
numsaee luFoaienusnuon ldaniszms Ine (Price et al., 1999; Lopes et al., 2002)
9 . ; VA A 1 =
Minaaodlaeldseuy Transfection 1Wi¥o P. falciparum WUIMURUMID@NOATU
4 Y 9
pfmdrl ¥UA wild type wihliyeneds mefloquine, halofantrine {l8¢ quinine WAAYU (Reed et al.,
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Abstract

Coartemether is the combination of endoperoxide i.e. artemether and
acrylaminoalcohol i.e. lumefantrine. Recent studies showed that both sensitivities to
endoperoxides and acrylaminoalcohols in Plasmodium falciparum were modulated by the
polymorphisms of pfindrl gene. Using parasites isolated from the patients in the
multidrug-resistant areas i.e. Thai/Myanmar and Thai/Cambodia borders, our study also
showed those parasites containing wild-type pfmdr1 gene exhibited more resistant than
those with K1-type mutation. We also found the cross resistance between the sensitivity
to artemether and lumefantrine in these isolates. Since pfmdrl gene can mediate the
sensitivity to both drugs so it is likely that these combinations may select for parasites

containing wild-type pfindrl gene.



Drug resistance in Plasmodium falciparum malaria is a major obstacle to the
effective treatment and control of this potentially life-threatening pathogen. This situation
is at its most serious in Southeast Asia, particularly along the borders of Thai-Myanmar
and Thai-Cambodia.' Resistance to quinolines including chloroquine (CQ) and
mefloquine (MQ) was well documented in P. falciparum isolates from Thailand.”* In
overcome this problem, artemisinin-based combination treatments (ACTs) have been
introduced for the treatment of falciparum malaria in Thailand. Artesunate (AS) or
artemether (AM) in combination with MQ still gives an acceptable cure rate even in the
highly multidrug- resistant areas of Thailand.”” Artemether-lumefantrine (LF)
(Coarthem®) is the only fixed-dose formulation ACT on the WHO essential drug list.®
Recent studies from Thailand showed that the six-dose regimen of AM-LF has cure rates
of more than 96% for the treatment of falciparum malaria.” Thus this ACT could be
included in the combination of choice.

Resistance to quinoline based antimalarials has been the focus of many
biochemical and molecular investigations. With respect to the 4-aminoquinoline
chloroquine (CQ), resistance is characterised phenotypically by reduced drug
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accumulation ~ ° which is partially reversible by verapamil and other so called resistance

reversers.' ' It has indicated that pfert, a gene encoding a 424-amino-acid, digestive

vacuole transmembrane protein plays a crucial role on CQ resistance.'® A point mutation
on pfcrt that results in replacement of lysine by threonine in the protein product, at codon
76, within this 3.1-kb gene is linked to CQ resistance in isolates collected worldwide.'®"®

Transformation of CQ-sensitive isolates with T76-mutant pfcrt consistently produced

CQ-resistant clones and insertion of wild-type pfcrt caused increased sensitivity in



resistant strains.'® Despite the results from these studies, there is compelling evidence that
a second gene, pfindrl, may also contribute to CQ resistance. The observation that
verapamil could partially reverse CQ resistance prompted the search for MDR

homologues in the malaria parasite.'* >’

This resulted in the identification of pfimdrl on
chromosome 5. A study by Reed et al. (2000) using transfection technique has
definitively confirmed its involvement in high-level CQ resistance.”'

In contrast to CQ, the role of pfindrl on mefloquine (MQ) and halofantrine (HF)
resistance is well linked with evidences of amplification and sequence polymorphisms.*' %
The K1-type mutation of pfindrl showed a single amino acid polymorphism at codon 86,
which results in the substitution of asparagine for tyrosine (N86Y). The 7G8 type mutation
contains four amino acid polymorphisms; tyrosine for phenylalanine at codon 184 (Y 184F),
serine for cysteine at codon 1034 (S1034C), asparagine for aspartic acid at codon 1042
(N1042D) and aspartic acid for tyrosine at codon 1246 (D1246Y).* These two mutations
are distributed in different geographical areas. The K1-type mutation has been found in
Asian and African isolates while the 7G8-type mutation is thought to be exclusive to South
American isolates. Using an allelic exchange strategy Reed et al. (2000) demonstrated that
removal of specific polymorphisms in pfindrl and replacement with wild-type sequence
resulted in a decrease in sensitivity of MQ and HF.*' Replacement of wild-type with mutant
sequence also showed reduced MQ and HF resistance.

In this study, we investigated the influence of the mutation in pfindr1 on the in vitro

sensitivity of Thai isolates of P. falciparum to both AM and LF which is structurally

unrelated and related, respectively to MQ.



Materials and Methods

P. falciparum strains and cultivation. Fifty four isolates of P. falciparum included 3
standard laboratory isolates i.e. K1, T994 and G112 and 51 newly adapted Thai isolates
which obtained from malarial patients presenting for treatment from the Thai-Myanmar
and Thai-Cambodia border in 2002-2004. Parasites were maintained in continuous
cultures using a modification of the method of Jensen and Trager.’' Parasites were
cultured in human erythrocytes (O") and incubated at 37°C in narrow necked culture
flasks containing medium (RPMI 1640 with 23 mM NaHCO3, 25 mM N-(2-
hydroxyethyl)piperazine-N"-(2-ethanesulphonic acid) and 10% human AB serum.
Cultures were maintained under an atmosphere of 90% N, 5% O, and 5% CO..

In vitro sensitivity assays. Sensitivity to AM and LF of P. falciparum were determined
by measurement of [3H]hyp0xanthine incorporation into parasite nucleic acids as
previously described.*® Drug ICs (i.e. concentration of drug which inhibits parasite
growth by 50%) was determined from the log dose/response relationship as fitted by
GRAFIT (Erithacus Software, Kent, England). Each value represents the mean and
standard deviation of at least three independent experiments. Statistical significance was
determined by Mann Whitney U test.

Genomic DNA extraction. Parasite DNA was extracted using Chelex-resin method.”® A
high parasitaemia pellet of P. falciparum cultures at the trophozoite stage was lysed by
incubation in 1.5 volumes of 0.15% saponin in RPMI at 37°C for 20 min. The parasites
were then washed in PBS (10 mM phosphate buffered saline, pH 7.4, 138 mM NacCl, 2.7
mM KCl). Parasite genomic DNA was extracted by adding 200 pl of the 5% chelex rasin

(Bio-Rad, U.S.A.) and incubated in a boiling water bath for 8 min. Chelex was subsequently



separated by centrifugation. The supernatant containing the DNA was then collected in a
new microcentrifuge tube. Five microliters of DNA preparation was used for 25 ul PCR
reaction.

DNA fingerprinting. Genomic variation between parasite strains was determined by a
multiplex polymerase chain reaction (PCR) method using primer pairs specific for three
independent genes, MSA-1, MSA-2 and CSP. The oligonucleotide primer sequences and
the methodology were previously described by Wooden, ez al. (1992).%° The products of
PCR were separated by 2% agarose gel electrophoresis and visualised by UV
transillumination.

Mutations in the pfindrl gene. Nested PCR and restriction endonuclease digestion
method developed by Djimde et al. (2000) was used to determine the intra-allelic
variation of the pfindrl gene.>* The variation allows discrimination between the wild-type
and K1-type (N86Y).

Primer sequences used for the amplification of the pfindrl gene were as follows: first
amplification, MDR1 5’-ATGGGTAAAGAGCAGAAAGA-3’ and MDR?2 5°-
AACGCAAGTAATACATAAAGTCA-3’; nested amplification, MDR3 5°-
TGGTAACCTCAGTATCAAAGAA-3’ and MDR4 5°-
ATAAACCTAAAAAGGAACTGG-3’. All primary PCRs included K1 DNA as a positive
control for the resistant genotype and G112 DNA (Gift from malaria research unit,
Chulalongkorn University, Bangkok, Thailand) as a positive control for the sensitive
genotype. Distilled water was used as negative control. In all secondary PCRs, two negative
controls were used: the amplicon of the negative control for the first PCR and distilled

water. The PCR reactions were carried out in 25 pl volumes consisting of 2 mM MgCly;



200 uM each of dATP, dGTP, dCTP and dTTP (Promega, U.S.A.); 20 mM Tris-HCI;
100mM KCI; 0.1 mM EDTA; 1mM DTT; 50% glycerol; 0.5% Tween™; 0.5% Nonidet™
P-40; 25 pmol of each primer; 2 U of Tag DNA Polymerase (Promega, U.S.A.); and 5 pl
of template DNA. The reactions were subsequently run in the PCR machine (MJ
Research PTC-200, U.S.A.) using the following cycling conditions: 94°C for 45s (cyclel,
2min 30s), 47°C for 1 min and 62°C for 3 min (cycle 37, 10 min) for 37 cycles. The
resultant PCR amplicon was digested with one unit of AfI/1I at 37°C over night. For the

detection of the K1-type mutation, the enzyme cut the pfindri-Y 86 (mutation) but not the

pfimdr1-N86 (wild-type).



Results
Molecular characterisation of the isolates. The DNA fingerprinting study of all isolates
indicated that these isolates were genetically unrelated (data not shown). Fifty four
isolates were analysed for the K1 mutation in pfindrl gene. Of these 10 isolates (18.5%)
contained the K1 type mutation while 44 isolates (81.5%) contained the wild type
sequence. Figure 1 showed the K1 type mutation detected by PCR-RFLP technique.
Biochemical characterisation of the isolates. All and 52 isolates were tested for
sensitivity to AM and LF, respectively. The correlation between the IC50s of AM and LF
was significant (p = 0.003) with the r* value of 0.399. The AM IC50s of these Thai
isolates ranged between 0.9-8.9 nM. While the Gambian isolate, G112 showed rather
high IC50 compared to Thai isolates with the IC50 of 12 nM. The LF IC50s of these
isolates ranged between 14-453 nM. The mean and standard deviation of the AM and LU
IC50 were 3.5 +£2.1 nM and 128.9 + 101.9 nM, respectively.

Figure 1 shows the association between the polymorphisms and the sensitivity to
AM and LF. Among the isolates with the K1 type mutation, the mean AM and LF IC50
was 1.8 £0.7 and 40.6 + 19.8 nM, respectively. While wild type isolates showed the
mean AM and LF IC50 at 3.9 + 2.1 and 149.9 + 102 nM, repectively. The isolates
containing the K1 type mutation were significantly more sensitive to AM and LF (P <

0.001) compared to those contained wild type pfindrl gene.



Discussion

In recent years many studies have investigated drug sensitivity patterns in P.
falciparum isolates from various origins and biochemical and molecular observations
have been used to explain these patterns. In the present study we have restricted our
analysis to freshly collected and geographically restricted parasites from the
Thai/Myanmar and Thai/Cambodia border. The data in the present study show that those
isolates carrying the K1 mutation display greater sensitivity to both AM and LF than the
those isolates carrying the wild type gene. Using a small number of laboratory isolates,
Duraisingh et al. (2000) also showed association between increased sensitivity to the
arylaminoalcohols, i.e. MQ, HF and LF and to the endoperoxides, i.e. artemisinin,
artemether and arteflene and the presence of the K1 mutation.” Indirect evidence that
supports the role of pfindrl gene was from artemether-lumefantrine clinical trial for the
treatment of falciparum malaria in Africa.*® It has been shown that an in vivo selection of
P. falciparum containing wild type pfmdr]1 after exposure to the drug. DNA
fingerprinting of these isolates showed that these selected wild-type pfindrl parasites
were the reinfecting not recrudescence parasites. Similar to other arylaminoalcohol such
as MQ, LF has long half life so sub-therapeutic blood level might cause the selection of
more resistant parasites. This information suggests that wild-type pfindrl parasites which
exhibit more resistant comparing to K1-type pfindrl parasites were selected when the
remaining drug concentration of LF was too low.

A genetic cross study using HB3 and 3D7 clone indicated that amino acid
polymorphisms at codon 1042, one of those found in 7G8-type mutations determined the

sensitivity to AM and LF.*> A more recent study also emphasized this association. The



strong association between in vitro resistance to MQ and LF and polymorphism at codon
1042 was shown in the parasite isolates collected from the patients in the multidrug-
resistant area, Thai/Myanmar border.”’ These evidences have indicated that
polymorphisms in the pfindrl gene are an important determinant of susceptibility to both
AM and LF.

Other molecular mechanism that may determine AM and LF sensitivity is pfmdrl
copy number. Analysis of laboratory and field parasite isolates demonstrated a strong
association of pfindrl gene amplification and arylaminoalcohols, MQ and HF

22,27,29

resistance. In vitro drug pressure experiment demonstrated the association between

MQ resistance and the amplification of pfindrl gene.”>** Although some reports

25,26
k >

contradicted this lin , recent studies both in vitro and in vivo also confirm this

7.2 It has been demonstrated that an increased pfindr] gene copy number was

finding.
significantly associated with higher IC50s for LF and artemisinin derivatives, i.e.
artesunate and dihydroartemisinin in the parasite isolates from Thai/Myanmar border.”’
Taken together, it appears that the possession of a wild-type pfindrl sequence and
amplified gene copy number is strongly associated with resistance to both
acrylaminoalcohols and exdoperoxides. Cross resistance has been observed in vitro
between these two structurally unrelated antimalarial drug groups. We also found the
cross resistance between AM and LF. These results suggest the true multidrug resistant
phonotype of P-glycoprotein homolog 1 (Pghl), a protein encoded by pfindrl gene.
The combination of endoperoxides and acrylaminoalcohols such as AS and MQ

or AM and LF have been suggested for the treatment of falciparum malaria especially in

multidrug resistance areas. The idea behind this combination is that the artemisinin



derivatives can effectively reduce parasite load while acrylaminoalcohols, the longer
half-life drugs could clear the remaining parasites. Thus the combination would be very
effective and also impede the development of resistance. However pfindrl gene can
mediate the sensitivity to both drug groups so it is likely that these combinations may
select for mdr-like mechanisms.

The evidence of the association between pfindrl gene and acrylaminoalcohols and
endoperoxides were mostly from the studies in the same geographical areas, i.e.
Southeast Asia where these combinations have been introduced. Before pfindrl gene
could be used as molecular markers in molecular epidemiological studies, studies from
other endemic areas are needed.
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Figure 1 Detection of K1-type mutation of pfindrl using PCR-RFLP
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Figure 2 Box plot showing the association between pfindrl polymorphisms and in vitro

artemether sensitivity
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Figure 3 Box plot showing the association between pfindrl polymorphisms and in vitro

lumefantrine sensitivity
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ﬁWﬂﬁuﬁ Artemether IC50 (nM) | Lumefantrine IC50 (nM) pfmdrl
JOo8 0.9 19 Wild type
RN42 1.4 60 Wild type
BC033 1.5 51 Wild type
BC2 1.6 137 Wild type
RN32 1.6 34 Wild type
RNI1 1.7 152 Wild type
PCM9 1.8 44 Wild type
PCM12 1.9 75 Wild type
BC039 2.1 60 Wild type
BCO038 2.5 228 Wild type
RN28 2.5 129 Wild type
BC032 2.6 46 Wild type
Joo4 2.7 46 Wild type
PCM5 2.7 143 Wild type
BC037 2.8 79 Wild type
BCS8 3 67 Wild type
PCM17 3 82 Wild type
RN35 3 95 Wild type
PCM6 3.1 356 Wild type
BCO031 3.3 453 Wild type
RN14 3.3 89 Wild type
J002 34 250 Wild type
PCM2 34 64 Wild type
BC12 3.46 120 Wild type
RN13 3.6 242 Wild type
BC030 3.7 290 Wild type




KS47 3.7 Wild type
KS33 3.8 270 Wild type
PCM3 4.3 214 Wild type
RN30 4.3 43 Wild type
Jo10 4.8 32 Wild type
JO09 4.9 261 Wild type
BC036 5 279 Wild type
BC029 5.3 142 Wild type
J0oO1 53 237 Wild type
BC027 5.6 154 Wild type
PCM16 5.7 201 Wild type
RN19 5.8 232 Wild type
RN33 6.1 125 Wild type
Joo7 6.6 61 Wild type
Jo12 6.8 305 Wild type
KS21 6.9 Wild type
KS29 8.9 187 Wild type
G112 12 145 Wild type
RN3 0.9 21 K1 mutation
T994 0.9 22 K1 mutation
BC1 1.2 35 K1 mutation
KS17 1.4 73 K1 mutation
™S 1.9 49 K1 mutation
BCI11 2 14 K1 mutation
PCM8 2 26 K1 mutation
M12 2.5 58 K1 mutation
Kl 2.8 48 K1 mutation
T™6 2.9 60 K1 mutation
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