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Role of apoptosis in

Kwannan Nantavisai

Department of Microbiology, Faculty of Medicine, Srinakharinwirot University

Malaria, a disease caused by protozoan parasites of the genus Plasmodium, is still a major
problem in many parts of the world. Among the human malaria parasites, Plasmodium falciparum is the
only species which sequesters in microvasculature and causes the most severe form of the disease,
cerebral malaria. The mechanism underlying the onset of cerebral malaria is still not fully understood.
Many research works have focussed attention on blood-brain barrier which is the key interface between
the brain parenchyma and the parasite. Structurally and functionally studies of blood-brain barrier have
provided some evidences for blood-brain barrier breakdown in cerebral malaria. However, the precise
mechanism leading to the disruption of the blood-brain barrier seen in cerebral malaria is still unknown.
It has been shown that sequestration, resulting from the interaction between parasite proteins on the
surface of parasitized red blood cells and host endothelial cell adhesion molecules can cause activation
of intracellular signalling pathways in endothelial cells including apoptosis which may be one of the
mechanisms responsible for the blood-brain barrier breakdown in cerebral malaria. However, the fine
mechanisms and signalling pathways implicating in this process remain to be further defined which, in

turn, might lead to the new therapeutic intervention for the disease.

Cerebral malaria, Plasmodium falciparum, Apoptosis

Corresponding author

Kwannan Nantavisai

Department of Microbiology, Faculty of Medicine, Srinakharinwirot University
Sukhumwit 23, Wattana, Bangkok, 10110

E-mail : kwannan@swu.ac.th



= a a % i a

daFedulsanieiulaaadunive inain
nsfeadaldsindaludia Plasmodium \iallslnda
luAwananusonalsaluanlddviaunn 5 aila ldun
Plasmodium falciparum, Plasmodium vivax, Plasmodium
ovale, Plasmodium malariae Was Plasmodium knowlesi
&3 Plasmodium knowlesi Builuimannelsaluduan
(long-tailed macaques) WAT@ANTY (pig-tailed macaque) WH
flaaiiuligndnliidumeniarFannalsaluay’ Wasain
~ C XX - : Y o
Hoeuduaetannsnfaseuaznelsaluauls dowuly
dszmannaie® * AaUTud® Al souvivlulsema
Tnesog®’

TsannanFadaandulyuinieansisugai
anAnylunanalszmadialan Taaanizisemanssaglu
wafaunaziana¥an dauddnaziaonuneaainlunng
AILANLAZTINAANTIANTEAeRE s Tadazidunasld
ANHITONIAFTUWTONINIAALNNINY AEIAINLNNIFA
WaludnaiAeud19ge anaeuaeasAnIsaule
Tan wudnlull A 2010 Harwaudilaadaalsannanisy
Wialanunnnan 200 Ausne uasig@adanlszann 1
¥ 1 =g a aa v ] a
Anupusial® awnaeina@uiinuesgileadulunifia
arnnistagiiunianFaaiagunssdsdniozunsndau

- X . A

RINNNTRALTIR Plasmodium falciparum

dl v a z = v = %

Wagihafnmenian Gy Hilaueiaazianisls
i’/ | 1 A A v v [ %
aus lidannsresisaae wradeanisadnaduldnin
nnulupunendoegluaszunauasigiduiusalsn)
quiadaINM9guLLHasaI AN U ndausinaT

= . P~ . .

N19gTA (anemia) NNITLUADN (jaundice) mane (renal
. - a X 010 &
failure) 38 N1AFLAUANDY (cerebral malaria)®'® @alu
UIFANNIITUNINTBUF1S] BBINIANTETTHATULIINY
N1ENIABEAUANDMIUINTAINTULIING AN

- . - o

waziilunaziléfuanuauladneuinign

BIN1TTINNABFLAUANDIATHTTAVUAN Y
Tl Fausifilasanaliaanni@nduan (confusion) Wianay
an Tifdnsawsidearnnsonauauassiadainguusals
(stupor) auneftlaelimauanessia®esn (obtundation) uay
UNAAR (coma) HiloafaaNnanFaauaNeiudnddmna
nspefAeudnegeisudianaziinisliensunnanFadon
AunislinisfneuuulseAudszaas (supportive care)
waznielinisinwnnazunandenau wu nazinvie
e fauldng?

. . - o X Yoo
AuFunalnnisifaunanFeduaneetiugaluidl
2 N i —n
insuwddadnfinauldetngls usidadinmuantmlunig
NNZAATUNTNARALADA (sequestration) 1BLTANIANTE
gilafadiN fuulunumdAngylunisvnlfifianiazil
TpeiaanilalungasiinueddeuiatBusia i a1 Fuiu
4” = = £ a a =3
Wannanzaarinisyngnidiliasyiulantaluda
A ' Adl 47/ = = o
ROALAURTEAF TUTANIANBFUATHNIIWRMUIANNITEY
qauu9u (ring) ThiluszazInsingae sl (trophozoite) way
lagaus (schizont) Ana1sy Tuszasinsinaessfuay
laTaumradaN AT aTlARNULI UURL AR
W AALTaaziinyy (knob) auIALANNIzANaagiall
Traumaniiinarnnisuasuutlaslaseaieaeatiafu
- @ A o A Ay X
AR LIALADALANLATNN339N A0l sAuN 8519 InsT D
- vy X X A Jd .
waBene il waruwulldelTuanaiinaades
TagmsaiunianIzinteslinidenunsinmanuigasy
naanLaan (endothelial cell) dalsiun Tusin PFEMP-1
(Plasmodium falciparum erythrocyte membrane protein 1) GR
TUsAutiata 1N TaaUALAA5Y (receptor) LURAITARTDS
laad lavanetila 111 thrombospondin (TSP), CD36,
intercellular adhesion molecule-1 (ICAM-1), E-selectin,
vascular cellular adhesion molecule-1 (VCAM-1) tlaz CD31
Wusu A il aaeaume foldanatGesiaNat-
rFuiarnanisalunisdinisiaiuniavaaniaan
we9edeardAtyine aedlaasd iu anes 1§ Tauansing
niTeNNAFTiadu Ninazlinunisinisiaiumag
analaas’
ANANEULIAL(hallmark) 289N1ANFEIUANDIT
vl o aa ~ X ~
WLAINNN9ATIAANTBNENIATIAAINNIA FEAUANDY 7
TnasnUdAlaeALAYAALTe LAREATIY (leukocyte) WA
nARLAeN (platelet) aAFuagNElUNABARBATWIALAN
p9AND9"2 WazanN enan 14195 uLaa97 AgnNTRA
Ainaarnnissuiusend1allsiuaeadanial e usia
funudamasynasaaendauesdilsenaudAyves
blood-brain barrier vinlHitinAnenAanfuaaNguITadINg
Aulaiuet19lnaT AN Nud A AWAIA AT A ULIAS
A z o ndl ] v a a
yuaaadenanesll Wuladengdaualiifnnonudany
sin blood-brain barrier uazlungafivnllgnisfinunanGe
¥ . R | - . v a s
Tuanes’ wananNinisfnid e udanss s wli
Winn1snauaueInIe i A Niuingreslaasdvn e
N1TUAITBY cytokine FN9°) LU tumor necrosis factor
(TNF)-t Uag Interleukin (L-1 FanuanflUsunougaanlug



tagnnaniFadugnes™ cytokine waniliuannlsimasy

uuAarasyrasalden 1MW ICAM-1 An13uansaaniiy

15,16 o v @ e~ a -34/ @ e~
B yddaaenuasaEe WAARATIIY LAY

x
NN
< A a o & A % é’
INAAABARNNIIINNEAATUAR Y MABALADA IANINTY
2ANTREINUAN811N90 19 permeability 20imARYYIABA
= -~ X = = o A& A o v a
WwaniNIu Asenaaziudniadanilanaduayuliia

AYNNLAEMNELA blood-brain barrier”

=2 Z‘; £% o &
nisAnmialuanesreailae ludninnaas
e luriealJiiRnne srsaiuayuindniaifia blood-brain
barrier breakdown luxnanFeaudnes Tnaianizatnd
luvaasdenn AnlaonLAIAALETaINNzAnay Tunns
ANEN129 Brown WATANY TennalTeuieUaNeded
o A A Ao o & o .
Juoed @ ad3AanunaT ol uANaTUANE9T0INg N
< vy vl A aa A Ay g P
pauANdsldunangmdsiinananvnaui ldldunanse
Taa3® immunohistochemistry wudnluanesaasng u
AYUANATWL endothelial cell junction proteins L% ZO-1,
occludin waz vinculin agfludFuouunn Tuaneinudni
nsgrymelilaeslilsfiumanilluanesaasgilaef@edin
anu1aTedudnaslnaianizadnedalunT i uia
RaALANARLTINZAAGE BaNANTTINLINISINIZER
vaadnidenuwndfmdedann i blood-brain barrier L&
AoaNR unsAmAenarTnazatmnsarudngasealy
i inanaunTuseiuialuwadnganesls Taagdidanunis
gadulsf fiorinogen Tag astrocyte wardanwunng
LAAIABNTUAN sialoadhesin WAL scavenger receptor LUR
. o A a aa
28N perivascular macrophage ”Luamwmgﬂqmmmmm
o X 4 Y - -
AMNEAEFEIuANed T9luanaisaesttiailnaUnmuan
%Mgmmmﬂfaﬂimﬂ perivascular macrophage ﬁ@q’mﬂu
ANDY WHAZYNUARIRANFaLE 8NN UAINNAIANN
Tsfuwingdu Aiunisuanseanaedluianansaasiiug
11 perivascular macrophage adl,ﬂuﬂﬁﬂﬂ’mﬁlmm\ﬂﬁﬁu
= o A v =< !
nennsialuasasnanannTusiiudganes Fegunmiman

18,19 =2 v & <
nNeANE ug RINANBITIYN

Hlsinulungueouns
Wi I unnan 3ed uaneswuang blood-brain
barrier breakdown Lﬁmfum'ulﬁmﬁu TAgAINNIIIn
Bannunisinaeufiaesideonsiin Evans blue uazlilsiiy
é’@gﬁuﬁ'ﬁmmnﬁwmﬁmﬁum?ﬁwudﬁ blood-brain

. = .:1' o g v o £
barrier Tuanesreanyngnindaninlmiduniaieaay

QANBIFIYTONIANTLTNA P. berghei ANKA IAAINNIAE
yelmel blood-brain barrier W@eAMNAINNTAlUANIAALAEN
ansnaziudnganes uananidenudndanud@anie
Aetuiumasyuaandensie Teinddaaindnunaziy
A1LUFUBINT94NA blood-brain barrier breakdown Tudnd
nAnee® dednunzluniueuAgdfus U nuannig
Anmludninasesuarlugioail Agnwulunisdnmnlu
eatfjrifnnsfag annisAnmwed Tripathi uazANLY 9
VINITINIZIA BT as naanlaanaNassa N Ul AR en
WANAALTEZ WAY Treeratanapiboon WATANLY TININITINNY
aesadyiaanidensNiudadana19mdn peripheral
-ﬂl Yo % v a
blood mononuclear cell wvlmumiﬂimumml,@ummumﬂ
‘3‘, = 22 1 ZI/ =3 = a rjf A < e~
@annaniFe? wudnvaudaldenunsindiavieiniaen
dl Yo % v a é’ = 1 @ al
197 FuNNINsER UM s uauRIAAINITaNANFEFIAE
navinlif barrier function TBNTARLWABALABAGNEIANR
uanaINLNINLqALReALAN (petechial haemorrhages) T
ANDITBIFAUTANAINNIANFTUTIUANDL $INTINNINLIAA
weneannieluaalszainmn (retinal haemorrhages) 284
o o X <  a A A o
JurnnanFeauanes Gaasryunainidaitialuscazsn
BOUTNALALTUALANDY (neuroectoderm) AYRANHUZ YD
\IAR LA blood-tissue barrier MNANNARNEARIALAND

™ AduEnuang unilnatiuayunaiia blood-brain

1N
. a X = o
barrier breakdown MUNIALTEUBAND TIMNNANFIU
pin9) wanilvinlfidelidan1sifia blood-brain barrier
breakdown 1UUNATHANNANTUSAUNTNANIAN B2
' ' I3 ~ d’l’ a o v a
anea wentnalanmunalnidaniatBevliie blood-
brain barrier breakdown WusaldnIuLUT A AR U

atingls

DufinsuTuAdIN9Re cross-inking FuT84
adhesion molecules uu@'faﬁuma’w@fﬂmlﬁfmﬁummm
ﬂi‘;’ﬁﬂﬁlﬁmﬂ’]imﬁﬂ;mﬂm (intracellular signalling pathways)
pine) nelugadyvaeniaen yldiRansasunas
AN WHLIARLUADALADA San19suALFIFY (recepton)
‘uuﬁfaLﬁma‘rﬂ_maﬂmLfﬁ'@mmL%fammﬁmfuﬁgﬂwmﬁ
arnnsavnliianszuaunfsaedyyaasne anelu
ARLMABALRDARLLTUT fevilfiinnsmeuausstes
Lsmﬁq‘w@famLﬁamﬁi@milmzﬁmmmé@mmﬁﬂugﬂuuu
5197 win nsnszfuliimadynasmiaeninisuantean



. X X d eas e

9849 adhesion molecules WANNINYWTIN LFLHALABALAS
Aaad1NsNIEAANLLTAS a0 AR A LA AN
soulsaNsanszsulfiinasnenndasenadynann
A v v 1% Z KX a y ' a a
@wanlafae aaiuasdfiauadinisiiaaswenindaaes
AR NAaALADAAINNNTTNUNI99TALADALASA ALT @
a1aazidunszuaun1auniledl JunundrAnylunisiina
blood-brain barrier breakdown TusNAaNBeAuaNE9%

guFunszuounisaznanindaiy unszuau-
ATANETRNTARTIAATUAINLNA TUN1TIRT Y WAL
Snunannaresdelinavanaiieg wasniinazwaninia
azinaiasuulasine] amneduduguineuanig
Touad 1w asANIIUAGY (cellular shrinkage) RalARIE
9MFRTULLY (nuclear condensation) AlBuegNeaeLTl
FULAN°) (DNA breakdown) UATIERTNITARNNITLINNES
28U uanT (membrane blebbing) aulufigailaitie
Furaandnisuaunwesiugeauiadniiatiuiuauau
1N wasazuaneenduiudauan degniulifag
Lﬁ@ﬁ:wﬁm’ (membrane-surrounding fragment) Fandn
apoptotic bodies YEG microparticles %ﬁuzﬁ")wfmﬁlﬁﬂj
wadazgnaufiulag phagocyte viattaddnsiaealng
Linaldiiamnud@eviaunmasa ulneseay dusuan
fasupNnsiinezwanindaiuiiey 2 30uan Ae
extrinsic/death receptor pathway W& intrinsic/mitochondrial
pathway”” uanaininszuiunisesnanindadeanuns
Qﬂmuqu‘imﬂaﬁﬁuj 1#@ag 1H1 endoplasmic reticulum
stress pathway™®

o =2 % A

wanguannisAnsluanesesdioeiids
TAIRAINNIAFLTUANDS FRTNAREY UTBNITNIZLALN
AR IUVARANAREY ANIRLARAd ITFUDIANNEINNTTY
X = ~ o § v a a -
weraFeluniswmianih liiinesneniniavasaady
NARALADA FINDIANNNIT e leresaswanTnEaiunnsg
a o X = X A vl a
AaN1a3aTuanes n1sAneiadaanesangiids
TARAILNIAFUTUANDILAZLLBLE DA NDITRIERTNAADY
.:4' .:1' ° v @ al é/ 2 aa | .
wQﬂmumuﬂ‘mLﬂummwwumummwm immunohis-
tochemistry FINfiNUANIHN1IQNNILFUIRY caspase-3 T4
dueulninddnyluwiteswenindaluanesnesgiloy

29,30 o PN X | A o o
LL@.,,W‘]_Imil,wmgwu'amauuﬂmmy

o X
NATHIUANDS
289 Fas ligand WA Soluble Fas lunnsmsaarnladumnas

=< 1y o < o aa o X
waznaranndsldangiandadedinannunaieay

31,32

v d’l o U v
ANBIANE uﬂﬂ’ﬂ’muﬂ\?‘W‘UfJWSL“LAW@’W@NW?JQQH‘L]QEI

NNAITEAUANBINTLALR endothelial microparticle 43

sy o a A A
nanulunaranivesgiosunarzeaiind ldfieanis
unsndauvzaaunganinudauseunn®

TN13AN®1289 Pino WATANE WLIINITINNE
AEUIAAALANAALTAIINALITARYUABAASA AINNI0
niiAneznanindasevtadynaaniaenld Tnaiinedu
an‘lﬂ’liﬂizf;jul,’ﬂuiﬁﬁﬁ caspase-8 (extrinsic pathway) WAL
caspase- 9 (intrinsic pathway) Warsanudninisudndaan
2898 Ui Lﬂ‘F_I'J°]J@Qﬂ‘]_lﬂi“"]_lf:luﬂ’]i’ﬂ”W@WI‘VI‘H'&SLHL‘H@@‘LI
mam@mmmm BensnfadenLAsFnde 11
Fas, FaslL, Bad, Bax, caspase-3 wae Bcl-w aAndng wenain
i waanneAn®In19ld sundamnsdugiuinen
(morphological modification) nNsfaNITaRAQE Annexin V,
n19.0A DNA degradation WRY caspase activity sl,‘LALBIJMir‘]_qI
NABALABANAIAINN1TE 1IN0 ALA R ALASAALT @
snvtiuduniaiinazwaniniasesaesaadynaaniaan
Wamnziaesiniudalaenunmame® wazannniaiu
foatnaiannaFeaInglaavinn1snziaeesaNiy
IARLUABALABANNLAIINANAUIE M 19ANANNID
peaianna1Belunisdnin lifiinasnenIndanevaady

a4 . o X 9 &
NABALADANTLEINITNIANTET uanalugUqelneide
= o rall o Y a a Y o
WA Faaraugnamnso liiinaswaninialsinay
vy A o~ X 35
wulugiloanNein1sreaunanFILaANDs
aznanInTa189 AR A AR AUANAINAZYN
dnirlfainnisinizinteadaidenuasinimieiumagy
NARALRBALAY 98 N1TDNATAAINENTNATRY soluble
X Sy oA o X
factors ANN@aNNANILA%E TaawLdniladnaIunTaes
‘i/ = 36 A Ao EZ = 37 d”
WaN1aTe™ WIedinaInglaunaiTe” NnWITiaes
faufuasynaantden aefamnsovinliiinaznan-
ndavavmadynaanidenls wanaindinda@en (platelet)
Fadnavnuinizineglunasnidenauasneayilay
al é’ ' o =3 A a 2‘1‘ I3 a &
WANTET AN LT AReALASAALT AR LT UENa YA
tsznaunilannudngaainlfidennaiFeaunsane 1
WAAAMNIREMNELA blood-brain barrier laNAnTu Tnenén
A :l/ o £ dl v o ‘ﬂl <
Wwaatuausnutnnadaiuilvarnwdanlaauden
& a .—3'4' Y o & A v o Y & A
waauasiamadiuadyaandenls M liiaaen
wasAAaANNNIINERATLITARYMAR AR A lANINTL®
Waaenuadsadeasg nisadnir lfinnezneaninds

5 A v .i’ 39 -:al/ 3 A n:l' 2
0TS UAAALRDA IANINTWT wanantlindnideni 16
5unsnszfudaaimannanFainud1aiuisavildiie

a 5 & 2 a o 40
aznanlndavesmasyvaanidan Hiduaniu



A0NsALANENANINTALRITARY AR ALADA
ﬁgﬂﬁﬂﬁﬂﬂﬂé’ﬂu’]@’]ﬁﬂﬁu UANAINATWLINAANIWAT
WL extrinsic WA intrinsic pathways W&2 FanudnAendes
fuATALANaznentndadug Kae 1y oidative stress
AINNMIANHITBY Pino UWATADLE WUINTHN MnTBAP
%I\‘il:ﬂu superoxide dismutase (SOD1) mimetic mmﬁﬁ‘nﬂ/‘i_l?%\i
@m@wiméﬁmmm@ﬁqummLﬁ@mﬁ'qﬂﬁ“ﬂﬁﬂmL%fa
waEeld 35'\1Lmqsl,ﬁl,ﬁufjmxwawiw%mmmaﬁqmm
Lﬁ@méﬂﬁ@uﬁmmﬂm@“ﬂm superoxide anion (OZ-') Way
nitric oxide (NOsJ*' UAZNN3 transfection LHARLUABALADA

anrsueuReenduaudrilas1e” Aantsadndevaad
qu@@mLﬁ@mmnmagn{ﬂﬁﬂﬁ’lﬁm:ww‘im%hm%@
11a13eld uanannheainsd ANy AR
28937 Rho kinase pathway lun1siiaeswanindaaes
adymaenidenananinareaiesnaruinda Tng
W9 Fasudil @aflugndildluntsinunlse cardio- uaz
neuro-vascular disease LLmﬁqw%ﬁumaﬁu&amﬁwmmm
rho kinase @ xnsndlasiuniainazneninaeirany
MABALAANFIANNNITINNLIA TN LT a1 an T e
mﬂﬁuﬁﬁfLWﬁngﬂﬂuﬁmwmmmewﬁuﬁ:ﬁuﬂﬂm

. . = a )
soaaulmsl superoxide dismutase (SOD1) vigannids  aangilaals™
Capillary lumen
Parasitized red
blood cell (pRBC) Platelets acting like bridges
Redblood cell b pRBC and endothelial cell endothelial
microparticles
0 o
00 4 soluble factor o
from pRBC g S
00 D, o0
. e

Y [ ( /” \\0 Platelets o Oo

Increased Rho Oxidative 9 ?
junction kinase shes W
permeability [ \ \ / B ‘
Endothelial cell l l

Plasma protein

Haemorrhages

519 1 eznenlvdazeasyuaanidanainnisininlaemennanFuanaiugmnaes blood-brain barrier

breakdown lUNIANEFHALANDY

NN9NNTAATBNTANIANTLUAL Soluble factors
ANLEaNIAEEVIN IR permeability 18911ARUABALAEA
Wnaun AaN1952 Inames plasma protein ganes uay
awnsndnih iAnesneniniasesaadynasnaonls
feanaaziiuaimnaeniainqniaanaan (haemorrhages)
TugiaennaFaauanes N19N1CAATATONIAEHEN

° v AQI 149( L < A o v ldl A
anunsngnin i nauldlaaindndesavinninialen
ATWIBTANITNINTANAFUAUIASUNARALADA TN
Idennanzeanisonaliiinezweniniasesaagy

A % 47(
waeARen lANINTW

unasu

=2 ' 1 dgj < Y
AINNNIANHIANNT AT waaiuladanig
IzAnreadalienuAIAALTe INAALADA WAZANTUN
: N : & N 2 = o § v
pinge] Ngnilaesnnanimanianizatu anaaslnanilii
Nnezneninianenasyvaendondududoutlsznay
&NATYD94 blood-brain barrier T BLIARYUABALABATN
vanelifiagyinliifinaaa@awiaun blood-brain barrier
wazililgnisiindenaannialuanasiidnnuluaues

vl A o X a L
2095 @ TN FauaNes (3UN 1) usatngls
finunisiiazauisndienszaunisasnanndaian
llunsaiuanisiianiaBeliuanes saudanalnlag

unuImvevaswanwindanunasiin blood-brain barrier breakdown

luyranseduauev



= all -:9'41 = o Y a a ! 14 (K ¥ & o o :J/
azlauAN LT aNIATEA NN A nazna N InT aaa3 ‘j")ll%Jﬂ'JEl LLE°'I®ﬁ]?’]ﬂﬁ‘ﬁ]’]ﬂ"ﬂﬂ\i%ﬂ')ﬂﬂﬂ\‘lﬂ\i@\? ANUUNIT

. A o @ A ¥ Yo == PN a ' =2 a o a ~ a o d’f
Lsn@@qm'amL@fammLﬂumzm\ﬂmummnm YARNIYZRNI LGl ANLN mmnm@inm@m ARNANINT AN NN Iaede

TWanunn dsnldnaaldludesuudadn flaswnands wnanBetienaasiunsiunadenliuninidnenaians

X v 1 Vo o 1% 1 = o P ° %o ~ X I
°]J“L<L'M~I®\']LLN’]’WZi@ﬁ“Uﬂ’]ﬁ‘ﬁ‘ﬂH’]WQEI?;I’]‘}N’WLﬂﬂNW@WLi‘EI [AF) Iuﬂﬁﬁ‘WﬁNuqﬂ’]‘W@qﬂqi‘ﬂuqﬂﬂiﬂji‘ﬂﬁ’m\ﬂ@qLﬁ‘?;lﬂ.lu'&llﬂﬂiﬂ

FneuuudsrAuilsraad 29N99N19F NN NING B atnallsransnwsaldluawanfdluls

10.
1.

12.

13.

15.

16.

17.

18.

White NJ. Plasmodium knowlesi: the fifth human malaria parasite. Clin Infect Dis 2008;46:172-3.

Cox-Singh J, Davis TM, Lee KS, et al. Plasmodium knowlesi malaria in humans is widely distributed and potentially life
threatening. Clin Infect Dis 2008;46:165-71.

Singh B, Kim Sung L, Matusop A, et al. A large focus of naturally acquired Plasmodium knowlesi infections in human
beings. Lancet 2004;363:1017-24.

Luchavez J, Espino F, Curameng P, et al. Human Infections with Plasmodium knowlesi, the Philippines. Emerg Infect
Dis 2008;14:811-3.

Ng OT, Ooi EE, Lee CC, Lee PJ, et al. Naturally acquired human Plasmodium knowlesi infection, Singapore. Emerg
Infect Dis 2008;14:814-6.

Jongwutiwes S, Putaporntip C, Iwasaki T, et al. Naturally acquired Plasmodium knowlesi malaria in human, Thailand.
Emerg Infect Dis 2004;10:2211-3.

Sermwittayawong N, Singh B, Nishibuchi M, et al. Human Plasmodium knowlesi infection in Ranong province,
southwestern border of Thailand. Malar J 2012;11:36.

WHO. World malaria report 2011. Geneva: World Health Organization; 2011.

Medana IM, Turner GD. Human cerebral malaria and the blood-brain barrier. Int J Parasitol 2006;36:555-68.

WHO. Guildlines for the treatment of malaria. Geneva: World Health Organization; 2010.

Craig A, Scherf A. Molecules on the surface of the Plasmodium falciparum infected erythrocyte and their role in
malaria pathogenesis and immune evasion. Mol Biochem Parasitol 2001;115:129-43.

Haldar K, Murphy SC, Milner DA, et al. Malaria: mechanisms of erythrocytic infection and pathological correlates of
severe disease. Annu Rev Pathol 2007;2:217-49.

Grau GE, Taylor TE, Molyneux ME, et al. Tumor necrosis factor and disease severity in children with falciparum
malaria. N Eng J Med 1989;320:1586-91.

Kwiatkowski D, Hill AV, Sambou |, et al. TNF concentration in fatal cerebral, non-fatal cerebral, and uncomplicated
Plasmodium falciparum malaria. Lancet 1990;336:1201-4.

Dobbie MS, Hurst RD, Klein NJ, et al. Upregulation of intercellular adhesion molecule-1 expression on human
endothelial cells by tumour necrosis factor-alpha in an in vitro model of the blood-brain barrier. Brain Res
1999;830:330-6.

Wong D, Dorovini-Zis K. Upregulation of intercellular adhesion molecule-1 (ICAM-1) expression in primary cultures of
human brain microvessel endothelial cells by cytokines and lipopolysaccharide. J Neuroimmunol 1992;39:11-21.

van der Heyde HC, Nolan J, Combes V, et al. A unified hypothesis for the genesis of cerebral malaria: sequestration,
inflammation and hemostasis leading to microcirculatory dysfunction. Trends Parasitol 2006;22:503-8.

Brown H, Hien TT, Day N, et al. Evidence of blood-brain barrier dysfunction in human cerebral malaria. Neuropathol
App! Neurobiol 1999;25:331-40.



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Brown H, Rogerson S, Taylor T, et al. Blood-brain barrier function in cerebral malaria in Malawian children. Am J Trop
Med Hyg 2001;64:207-13.

Thumwood CM, Hunt NH, Clark IA, et al. Breakdown of the blood-brain barrier in murine cerebral malaria. Parasitology
1988;96:579-89.

Tripathi AK, Sullivan DJ, Stins MF. Plasmodium falciparum-infected erythrocytes decrease the integrity of human blood-
brain barrier endothelial cell monolayers. J Infect Dis 2007;195:942-50.

Treeratanapiboon L, Psathaki K, Wegener J, et al. In vitro study of malaria parasite induced disruption of blood-brain
barrier. Biochem Biophys Res Commun 2005;335:810-8.

Beare NA, Taylor TE, Harding SP, et al. Malarial retinopathy: a newly established diagnostic sign in severe malaria. Am
J Trop Med Hyg 2006;75:790-7.

Maude RJ, Dondorp AM, Abu Sayeed A, et al. The eye in cerebral malaria: what can it teach us? Trans R Soc Trop
Med Hyg 2009;103:661-4.

Medana IM, Turner GD. Plasmodium falciparum and the blood-brain barrier—contacts and consequences. J Infect Dis
2007;195:921-3.

Pino P, Taoufig Z, Nitcheu J, et al. Blood-brain barrier breakdown during cerebral malaria: suicide or murder? Thromb
Haemost 2005;94:336-40.

Elmore S. Apoptosis: a review of programmed cell death. Toxicol Pathol 2007;35:495-516.

Jin Z, El-Deiry WS. Overview of cell death signaling pathways. Cancer Biol Ther 2005;4:139-63.

Medana IM, Mai NT, Day NP, et al. Cellular stress and injury responses in the brains of adult Vietnamese patients with
fatal Plasmodium falciparum malaria. Neuropathol Appl Neurobiol 2001;27:421-33.

Lackner P, Burger C, Pfaller K, et al. Apoptosis in experimental cerebral malaria: spatial profile of cleaved caspase-3
and ultrastructural alterations in different disease stages. Neuropathol Appl Neurobiol 2007;3:560-71.

Armah HB, Wilson NO, Sarfo BY, et al. Cerebrospinal fluid and serum biomarkers of cerebral malaria mortality in
Ghanaian children. Malar J 2007;6:147.

Jain V, Armah HB, Tongren JE, et al. Plasma IP-10, apoptotic and angiogenic factors associated with fatal cerebral
malaria in India. Malar J 2008;7:83.

Combes V, Taylor TE, Juhan-Vague |, et al. Circulating endothelial microparticles in malawian children with severe
falciparum malaria complicated with coma. JAMA 2004,291:2542-4.

Pino P, Vouldoukis I, Kolb JP, et al. Plasmodium falciparum—infected erythrocyte adhesion induces caspase activation
and apoptosis in human endothelial cells. J Infect Dis 2003;187:1283-90.

Toure FS, Ouwe-Missi-Oukem-Boyer O, Bisvigou U, et al. Apoptosis: a potential triggering mechanism of neurological
manifestation in Plasmodium falciparum malaria. Parasite Immunol 2008;30:47-51.

Wilson NO, Huang MB, Anderson W, et al. Soluble factors from Plasmodium falciparum-infected erythrocytes induce
apoptosis in human brain vascular endothelial and neuroglia cells. Mol Biochem Parasitol 2008;162:172-6.

Hemmer CJ, Lehr HA, Westphal K, et al. Plasmodium falciparum Malaria: reduction of endothelial cell apoptosis in
vitro. Infect Immun 2005;73:1764-70.

Wassmer SC, Lepolard C, Traore B, et al. Platelets reorient Plasmodium falciparum-infected erythrocyte cytoadhesion
to activated endothelial cells. J Infect Dis 2004;189:180-9.

Wassmer SC, Combes V, Candal FJ, et al. Platelets potentiate brain endothelial alterations induced by Plasmodium

falciparum. Infect Immun 2006;74:645-53.



40.

41,

42.

43.

44,

Wassmer SC, de Souza JB, Frere C, et al. TGF-betal released from activated platelets can induce TNF-stimulated
human brain endothelium apoptosis: a new mechanism for microvascular lesion during cerebral malaria. J Immunol
2006;176:1180-4.

Pino P, Vouldoukis I, Dugas N, Hassani-Loppion G, et al. Redox-dependent apoptosis in human endothelial cells after
adhesion of Plasmodium falciparum-infected erythrocytes. Ann N 'Y Acad Sci 2003;1010:582-6.

Taoufig Z, Pino P, Dugas N, et al. Transient supplementation of superoxide dismutase protects endothelial cells against
Plasmodium falciparum-induced oxidative stress. Mol Biochem Parasitol 2006;150:166-73.

Taoufiq Z, Gay F, Balvanyos J, et al. Rho kinase inhibition in severe malaria: thwarting parasite-induced collateral damage
to endothelia. J Infect Dis 2008;197:1062-73.

Zang-Edou ES, Bisvigou U, Taoufig Z, et al. Inhibition of Plasmodium falciparum field isolates-mediated endothelial cell

apoptosis by Fasudil: therapeutic implications for severe malaria. PLoS One 2010;5:e13221.





