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Plasmodium Falciparum-infected
Erythrocytes Adhere to Class A Scavenger
Receptor, SR-A

Toshimitsu Hatabu
(Course of Applied Animal Science)

Severe falciparum malaria such as cerebral malaria and
severe anemia is leading causes of morbidity and mortality.
Plasmodium falciparum-infected red blood cells (pRBC)
adhere to the endothelial cells via receptors expressed on the
surface of the endothelial cells, and sequester in the
microvasculature of several organs. Severe anemia, which
may be due to a number of factors including rupture of the
PRBC and phagocytosis of pRBC, is another cause of death.
However, the molecular mechanism underlying both the
cytoadherence and erythrophagocytosis related with severe
malaria is not completely understood. Here, we report that
the pRBC bind to the class A scavenger receptor, scavenger
receptor A (SR-A), which is expressed on the surface of the
activated phagocytes.

First, we confirmed mRNA expression of scavenger
receptors in the various tissues of P. berghei ANKA-infected
mice. The expression of SR-A mRNA in all tissues was
enhanced for 7 days postinfection. We also confirmed
mRNA expression of SR-A in the human macrophage cell
line, THP-1 cells, cultivated with pRBC. SR-A mRNA
expression in THP-1 cells with pRBCs was observed after 24
hr cultivation, but not RBCs. Then, to identify
cytoadherence of pRBCs to SR-A, human SR-A cDNA was
transfected to CHO cells (CHO-SR-A cells). pRBC adhered
to the CHO-SR-A cells, but not to the CHO-mock cells.
Interestingly, the cytoadherence of both mature stage and
ring form pRBCs to the CHO-SR-A cells was observed.
Anti-SR-A antibody, but not Anexin V, efficiently blocked
the cytoadherence of the pRBC to the CHO-SR-A cells.

These results may suggest that SR-A acts as a host factor
related with cytoadherence of the pRBC, which contributes
to our present understanding of the pathology of severe
falciparum malaria.

Key words : severe malaria, scavenger receptor, cytoad-

63

herence, host-parasite relationship

*

~TNTIE, NITITh A L, EREYE
FotesE#y 5 8, JE T B HEER100~270 A TH D,
Bty 20 O WA ORI 1007 BN AT R S b w4
HURGSETH B, FETEOITE AL, TNTLUHEIE
FETH5MAMOYREENTVE. LD~ T) T,
4O~ T ) THRR (B~ 7)) 7HEE, ZHE#~
F) TR, WHB~ ) 7HER, IR~ 7 EHR)
DFFIZ L DBISREE Shb. EARWIC~Y T ) THERUL,
L oIy TERIZE &S —EROEIZ DR EGT
57 EEERREEAITROZ EPMS N TV B, WY
VD= F ) TIEBTH S Plasmodium  knowlesi d &k
IZIEGT 5 2 E DI SNWEBSLETH 5.
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WY 2B - WEIMTO N WA EE 2 A IHEZ v

BEIRICELGAEbH L (EESTHR~T) 7)Y, &
FEBEB Y T ) 712X K RSN A 0HEIX, EAEIEEKN
I - B~ T 07 - HiKEE - BAERZTFSN5.
FEIEBGH 20~ 7 ) 7 OREIEBEME L, DT k)i
FHEND YT T, 1) ~F ) 7 REGEARI
Ik (pRBC) Ml knob & FFIZ AL 5 222k 3 0 5B,
2) pRBC P IEHRIMERE &) L) 12HE (n¥y 7
4 ¥ 7)), F72pRBC IZIME N MILFME IZFEI T 5 1E
FOEAERT A L &N M S (llasEs
BHE). 3) INHOBRIC L Y ELBIEE O M5 L
RIUREEDSEFR END LT~ T ) THRIET 5 & &
N5, EIEIFEREAIMZ, 1) BEROEFE & LI
AN D RIMERAIE I (MENFEMOITHE), 2) &k
MoOH, 3) & A — %%\ 72RIMER pRBCs @
ECOELE - B, OfREAELLEIRTVEYY, Dbk
DTS, TRENGHR~Y T 7TRIERBICB I 2 EE
RBRL, mEME~OMEESETHL EEZLND.
BAE, fEEMIFL L pRBC & OMIfaEERERN T LT
BolE il - mEME TS FRE ST A28 (Fig. 1),
INLOARTEIEYT ) TIHEREEREZHHT 51213
T TR CRMORETAHBMENLTY, —F, v 7
JE G2 1X pRBC REIC A AT 7 F V)bt ) vin
HH$ 52 L%, pRBC I knob Hii& 12 X 1 RIMERIEE
PEAZEAL LARIMERIE H AR DOIERE O 2L 3 % 2 L B &
NCTW Bt F 7. FEESai i~ 1) 7 B#H O pRBC
T, EFRE O 1gG 'O L&, Wikt % #fl4 5 CR
1 R ERI A A S B OMFE % 57 5 CD55 OFIHOKT
DIREENTBY pRBCOVEASINRL TR TV D
CEDPHEEINTYAY, Thsnl s, 57
DIRRETLRL R 2 O FAE (LA (130 EARIER B AR DR 1%
ZALD EE LM EN L, X o THEENTHRED - -
HEMYZAL A A U7 & HER: - JLER 5 2 BRICHRRE S % 45

Parasitized RBC
PfEMP-2

P-selectin
L-selectin HS
I

CD31

Hyaluronic
acid TSP

CD36
vavaS ? |

(_ Host endothelial cel <=

CSA
.

Cytoadherence related factors on host endothelial cell or
parasitized erythrocyte.

Fig. 1
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TP~ ) TEEEEICOES L Twa EHfREIN
b, ZOX) AMEREE T AL L TAANRY
Vv —2FE (SR) HEFLNL.

AHN Y v —ZHF

SR, MALIRSGTF) K 28 (BLLDL) *7k
AT 7FINE) v OZEAE L THE S N ER
T UNRTETHY, TNFROGTHNOEE#A S 15
QB E N BB SRIE, RIEEMTA M A V5
ORI L D~ 2707 7 — VMM R 2583
LSy — VB2 R e LCHBRET A, 20U TV F
& LTIE, ML LDL ® 7 & F )WL LDL 7% & O i LDL
PAMZER A7 79Vt 1) % Poly G, Poly I 7 & DR
VYRR Z LAFF, THRN= AL O H AR
GCTHDHLPS R RS A A, TXA NI UERBEDOS
 DOBEMRES T 28T 5. I CIEBHREZR O
)RS R NS AMBE O~ O T 7 =TIk BEAEN
DL HENENTWE, SRETTY T EDOHET
i%, class B® SR IZ)&9 % SR-B1 I~ A K1
A FORAZES L, FLEL class BOSRIZET 5
CD36%°pRBC 12/ 3 5 FEAFEERTO—D2THSH 2
EDHE SN TV A, R, MEOED S class
GIZJBT 2 SR-PSOX 122\ T, ZOuabl5sBimiL % 74
% pRBC #75 sk % 17> pRBC & SR-PSOX D #2745
MRS A & & DI T OMBEERE 2S pRBC R 125
BT A2RAT77F VN UEFHLTGREILZ L ZHE
2172 (Hatabu ef. /., unpublished data). 215 Dk
HFiL, SROBGTE~ T ) 7TIREREEBE OGS oW
REEARIET A5 DEEZ LN,

FRBEEH~ 7 U PEE{EEFE L TO SR-A DRZE

~ 7 ) 7 EEEEIC BT S SR ORRBENEEIIZO W
TT T 572012, T roi~7 ) 7TETVE LT
MHENTEAXITY THEB P, berghei ANKA
WRIEGe~ 7 AETWVICBUT Bl (R - FFRe - A -
i - B) T SR mRNA BN — v 2 Mead L7z, %
Brix, A AXA3I~F) 7HEHE P. berghei ANKA ¥ pRBC
Z1EH720 1 X105 FEPERENEIL 726, 37 HIZ
B8 I 2% 20 © Total RNA % [A[ U L RT-PCR {2 T SR
MRNAFHOFHZRFT L7z, T2 TwWH g7 HH
i, P. bergher ANKA BREEG:~ 7 A 123\ C i JE HUMLE
BLOW~Z ) THRERDSEBIZE S L BEREEEAH TS
5. ZOfEH, SR-PSOX R #ni#~ 7 1) 7 5 pRBC
BANT & LTSN TWAS CD36 mRNA 53, &
PRt TR T L A RO SN h o7z, Class A A
KR D v —ZHEERTH D SR-A E, [EY 7 A% CTHGT
L 729 _CoOlgas (WA - B - FFBg - O - ) <2 o
mRNA FEHRAFLD 57z (Fig. 2-A). &2, pRBC
IC X EHN: SR-A BHFEOFMEZ T2 EM
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Fig. 2 Expression of class A scavenger receptor mRNA. A)
SR-A mRNA expression in various tissues by P. berghei
ANKA infection. C57BL/mice were intraperitoneally
inoculated with 1% 10° pRBC/mouse. Tissues were col-
lected for 7 days postinfection. Lane 1-5 ; Normal
C57BL/ 6 mice. Lane 6-10 ; P. berghei ANKA infected
C57BL/ 6 mice. Lane 1 and 6; spleen, Lane 2 and
7;lung, Lane 3 and 8 ; liver, Lane 4 and 9 ; heart,
Lane 5 and 10 ; brain. B) Detection of SR-A mRNA in
THP-1 cells cultivated with pRBC. THP-1 cells were
cultivated at 24 hr with pRBC or RBC. Lane 1 and 4;
THP-1 cells with pRBC. Lane 2 and 5; THP-1 cells
with RBC. Lane 3 and 6; THP-1 cells only.
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T, B#~ 1) 7RI pRBC & 245 LR L7z e b
HAZERAMIBORE THP- 1123517 5 SR-A mRNA F$H % i
L7 Zof%, pRBC & odtz3812 X ) THP- 1 4
fal2 3BT SR-A mRNA ZEEHPHo 51z (Fig. 2 —
B). £ T, SR-A & pRBC D7 % H#MER T 2 HiW
T, SR-AuHIFEI CHO Mifg (CHO-SRA fifig) % /EH#
L, 300f#lo> CHO-SRA Ml iZxt3 % pRBC ¥4 % % &t
ML, HLASGEE~T) 7R, Bas~T)
T HARNBED S G L 728 (JK-1120) & B~ 5
V7 IAANBE L) SHEL -8R (Vi-258) @ 2 Bk% fi
L7 pRBC #& RO E, 28 & H CHO-mock
i 12 b ~<XCHO-SRA fllfg 12 k3 % pRBC DA & 7 ¥4
RNz (Fig. 3-A). —F, EEHGH~T )T
TIHCE L72EZEDORIB% I~ T ) TARED LN L. i
<) 7 TR LB T, A NI SR/ 2R
® pRBCANMLAS % B ZE L T\ 2 B G BE s
b, FZTYI) THEBRNEFTNO EOA T — I hE:
ETDHOEMET S HET, JK-11208k pRBC O%EFH
AT =T %y A MG L, Mlags s e 1T o 72,
ZFOFER, WAIRMAY pRBC & 0 b B AE/HRAEH O
pRBC 7SCHO-SRA MEIZ & W& T 52 L EIE SN
7> (Fig. 3-B).

W2, SR-AIZR$ % pRBC OFE#EHT SR-A S BT
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Fig. 3 Binding of pRBCs to CHO-SR-AI cells. A) Adherence of pRBCs to the SR-A cDNA-transfected CHO cells (CHO-SR-A
cells) . Two parasites from the P. falciparum patients, named JK-1120 and V,-258, were used in this experiment. The filled
column represents the CHO-SR-A cells. The open column represents the CHO-mock cells. pRBCs adhered to CHO-SR-A
cells, but not CHO-mock cells. Results are the number of adherent pRBCs per 300 test cells (mean= SE ) of three inde-
pendent experiments. *P<0.05. B) Stage-dependent cytoadherence to the CHO-SR-A cells. The JK-1120 was used in this
experiment. The filled column represents mixed-stage infected RBCs. The open column represents the ring form infected
RBCs. The spotted column represents the trophozoite/schizont infected RBCs.
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Fig. 4 Blocking of pRBCs cytoadhesion to CHO-SR-A cells by
specific antibody. In these experiments, the isolates of
P. falciparum, JK-1120, was used. Left panel ;
Inhibition of adherence by Annexin V. Right panel ;
Inhibition of cytoadherence by goat-anti-SR-Al anti-
body. Results in these panels show adherence as a
percentage of control. The results in these panel show
the representative data. Anti-SR-Al antibody efficiently
blocked adherence of pRBCs to CHO-SR-A cells, but
not Anexin V.

SR-A #itfk, Anexin V, ¥LCD36PLfk, 2> FuaAfF >
M TH L. HEMEABFEORE, pRBC ® CHO-SRA
FHFE A~ D7 DI SR-A PULE TIZHI80 % #l & 17225,
Anexin V & % W IZHT CD36HTIR T I35 05 5 % 72
Dotz (Fig.4)., a2 v FaAfFURERICBWTY
pRBCHEEHEMEIZFZD 5N » o 72 (data not
shown). ML Ed Z &5, pRBC & SR-A D #7551,
PRBCEMICHEBT 2 KA 7 7F V0t v dH B0k
CHO Mifla&mio 3 » Fu f F Y ik Tld % < SR-A F¥
B TH B Z LHREENT.

WIZ, SR-A 28T % pRBC ATz FET 5 HI
T, SREAZT I VERAAER R OHEIS B BN L4
5 SR-A I ZE B CHO Mgk 2 /F# L 72, SR-A 13,
MR E I & Z AU a NY v 7 AT A FaAq
VRS, 39— IS B £ OV o C RIS scaven-
ger receptor cysteine rich (SRCR) 4HI# & vy o 72 H & T
H5H. SR-A OEEHID ) Y RiEEHAIE, 297>
FHIN B L OV SRCR #Hil & s SN T w525, SR-A O
SRCR fH OB IZHIED £ T AR & &N b, 8L
LDL & o#E &340 1x, SRCR FHINE R D351 H O 7 v
FoUDREBETHLIEPHRESIN TS, 22T,
SR-A SRCR #EI/K$E#E B X OF SRCR FH18N361-451 7
HARAERE BB L /2. £ 72, DRBC & OFEBE~DHT-
W37 V¥ = > OG- 2 A 2 BT, 7 3 VRO
B X AHEEZALEF C-0IZBIFEHDO T IVF =~
T T UHBNIEY T BRIk R L
7z. TS OZEE A CHO-SRA #lifg & pRBC DA
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Adherence of JK-1120 pRBCs to SRCR domain mutants
of SR-Al. Adherence of CHO-SR-A (wild type) , CHO-
mock, CHO-SR-AI/R351A, CHO-SR-AI/R351K, and
CHO-SR-A/ - SRCR cells. Results are number of
adherent pRBCs per 300experimental cells (mean * SE
of three independent experiments) . Statistical analyses
were made between CHO-SR-A and other experimental
cells. SRCR domain, especially R351 residue in this
domain, was reported the importance to bind to bacte-
ria. *P<0.05.

BraAT\, pRBC &R0 OFFE % A7z, Mg »
BRo#ER, 3B1EHT I/ BRA SRS X U SRCR #IEX
fE#RTIE pRBC & OFE A LD 541727, SRCR
AN361-4517% H 7 X/ BRKIEIR Tld pRBC & DA
iz 5N %7z (Fig. 5).

¥ & O

~ 7)) 7 EE U ICBELR T B L HEN S B HHLE
KT & LCSR-AZH/ZICFE L. A XI~YT) 7T
P. berghei ANKA ST FIVOFEENS, <) 7HER
JEAHZ L DT E AT RTOfEZE T SR-A mRNA %3
R 5 2 EAVR SN, T—F IR L TW 2 \nas,
P. berghei ANKA FRIEZ: 3 H OEAFIZ B VT D, BKG: 7
HEZEOIEAFIZETIE WL OO0, TXTOlEz T SR-A
mRNA FB @I sz, —J7, b b HEZEERMR
THP-1 & #aish~ 7 ) 7 i pRBC O L5532 5 Ex T
1, HrEE24EERIf41C SR-A mRNA ORI FHFELIND
ZENEIEENS. SR-A W, BIEWET A M A VHER
F&AL LDL ORSIC L D fkiliE - ~2 a7 7 —2 -
TMEPI RIS 2 L SNTwab, <51 7RI
JEYeTLE, THRE AR I RZZIH S 22 CTld R vwas, FRED
R & B IZMENIIEEY A N A VIREO LA R
HEINTWBY, SR-A BBFHEY I, Ak L7z X912
KRV A S A4 VB I OMILLDLETH Y, HE
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RHRBTIC OV TORMEIZ RV, IRHDZ &b,
SR-A mRNA 3, FHRAGEET 2 RMOWEIZ LD
HES DML, FUHUEYE & RREETT IR ) AN 2%
FEVEY A b A VEEERIC X D REARERE NS D
DOWRESFAET 5 LHER ST,

SR-A il FE Bk 3 2 BEE B O R, SR-A
WA/ ZA I pRBC 23 65§ 5 2 L HAVURE N
7o, ZAUR, B~ 7)) 7R AR PSR T @l
BENL pRBCHEBFAT—TVTHY, I~ 7IHER
BERENOD SR-A OG0 2 bz, F7, HEHEE
B & U SRCR FHINZE Sk % Fl V272 pRBC #75 3Bk
DFER, S, SR-A & pRBC O#:#1%, 4+ SRCR 78
WABIFEEOT VT U EEICEETHSH I LEHUR
AN/ SRFADYH Y RIE, FAAT7TFUILEY) Y,
4L LDL % 7t F VL LDL, MEEES A SN 5.
WAETIE, BRNTEESNIZBR 3y 75 V0
Uy NE2 2 EpESn, 7R =T Mg
WHOAESHERLE L TOHREEINTD., T TH
HU&G pRBC TlE, FEEIZHKRA 7 77k »H35EH
T2 2R, RIMEKEEMOZEL & AR MERE B A DR
TALDHE STV RIS U L aht s, RERT
1%, Anexin V12X % pRBC @ SR-A 12/} 4 2 #5HE
BB SN otz 2O ED5, SR-A @ pRBC fil
NIy NI, pRBCEKHEDAA 7 7 F V)] »Tld
, OO GO HREASY V8 B TH DB
PEASHEN S 7z,

A OWFETIE P. berghei ANKA FROEGHE & &
DI FEEFIZHB VT SR-A mRNA OFEH L )L -5
RIS N7z, REMIRF T OB R EZRFOLEITH
B35, Ol - BB IS ICRETD ZWVRDY
SR-A BT~ 07 7 —VRDEEMIBH D 7
OTHAENEAMIBIZEH L T ERESEVEEZ S
Nb., Lo THEERBROKRLADETERT S &,
SR-A T2 N5 DRI BT pRBC A KT & L TH
FEL TV AU BEMEDSHEN C & 5. WicBW T, P.
berghei ANKA #RIEGL THRIME 1 HEER DS L T b
RGBSR SN Z &b, BYYRH OB E & H 1
Jibd I L2 B 2E L 72 ARG ER & IS R ML BT 5 SR-A
mRNA B L~V EAEE Sz b o LISk,
—J5, Wl - PPN - B, 2077 — Y R0E M
ICBEATWS, w7077 —YR0OMABIE, SR-A J83H
HIRETd O k4 iR AR Y OFAE - HLY AR ED
BT A M H A VEHOELEL EOEARISIZE D - T
L. BIRZENC LI, v27 a7 7 —JIZL BT A=K/
MR pRBC D& AL, TGF- 8% IL-107 & O 54
HIME A b A VEAEFET L 2 LR SN TWY
B0, —75, BHRMIEIC X 5 pRBC &AL, BRIHIRE
DGR E IS 5 2 2 b s T apn®, %k
HTOREIZ VA, SRO ) T > F& L THEHEOEA

v Z ) 7EELBHEFHHRE ERF & U TD Scavenger receptor A DEITE 67

T 501y yRuyPEESIN, AEMBOMEAY 7
FURICHEEL RITT I ERHESNLBY, —T,
SR-A % MARCO X, V) # > FE#EE L72BIZ Toll like
receptor & BHEIGICHERE L, ZDHBOY A A A VL
NG LI EDIRENTVWEY, LoTINSDIERE
IZBWTSR-A i, MENEMILTIE, BEERTE LT
Behed 2%, ~7n77—YUR0OMIBTIE, pRBC &
REDHEDIEERIFEICEFI B LY LIZLTwE b L
R

LD IS - BEEPLETHDLILIIEITT
b7V, HEPHCHERISEZ T 5720ICEL T
TASRE AT AICHIH LT, HERAGSHCOAEFITHER
W AHHMARERE L TnAEDEZSNL, Tz,
¥ 2B 5-3 % pRBC lAF O & 312, SR-A @
PRBC B &EERT A b A VHHREE 7 BT 72 B fRNT & 4T
W, FE—FAE A RO D B Z b DL
EZD.

~I)THEEE, TEarFLy s AMICET LER
THhiH. ZOTEITr Ty 7 AMIZET HEERTIE,
BMEREETHICBWCAEETHY, =7 M) Tldar
VIUYLARERTI)T, KT NV TIAT, v T
WE7 )T PAR) DT LARAF ART R ENRET LN
b INF T - TE&77 T 7 TOMGERE % iifif 2
BT TRIET 20, 5HBOBLATH HIEETH 5.
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