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 AbƐƚƌacƚ 

 C\WRadheViRQ  aQd  VeTXeVWUaWiRQ  Rf  PODVPRGLXP  IDOFLSDUXP  IQfecWed  EU\WhURc\WeV 

 (IEV)  aUe  Whe  ke\  PRdeV  Rf  SaUaViWe  YiUXleQce.  VaU  geQe  faPil\  SURdXceV  a  hXge 

 UeSeUWRiUe  Rf  Whe  PfEMP1  SURWeiQV,  Zhich  aUe  WUaQVSRUWed  WR  Whe  IE  VXUface,  aQd 

 iQWeUacW  VSecificall\  ZiWh  Whe  hXPaQ  eQdRWhelial  UeceSWRUV,  leadiQg  WR  PXlWiSle  RUgaQ 

 cRPSlicaWiRQV  iQ  VeYeUe  PalaUia.  TiVVXe  WURSiVP  iV  Whe  abiliW\  Rf  a  SaWhRgeQ  WR  iQYade 

 a  WiVVXe  RU  aQ  RUgaQ  iQ  a  VSecific  PaQQeU.  P.  IDOFLSDUXP  iV  Zell  UecRgQi]ed  fRU  iWV 

 abiliW\  WR  VeTXeVWeU  iQ  Whe  deeS  PicURYaVcXlaWXUe  Rf  YiWal  RUgaQV  VXch  aV  kidQe\V, 

 lXQgV,  heaUWV,  aQd  gaVWURiQWeVWiQal  WUacW,  bXW  Whe  WiVVXe  WURSiVP  iQ  PalaUia  iV  QRW  Zell 

 XQdeUVWRRd.  TR  iQYeVWigaWe  Whe  hRVW-SaUaViWe  iQWeUacWiRQV  aW  Whe  YaVcXlaU  eQdRWhelia, 

 Ze  haYe  SeUfRUPed  VWaWic  c\WRadheUeQce  aVVa\V  ZiWh  Whe  SUiPaU\  hXPaQ  bUaiQ 

 eQdRWhelial  cell  liQe  (HBEC-5i).  SSecific  biQdiQg  ZaV  RbVeUYed  ZiWh  Whe  P. 

 IDOFLSDUXP  -iQfecWed  RBCV  WR  Whe  bUaiQ  eQdRWhelial  cell  liQe.  TR  leaUQ  PRUe  abRXW  Whe 

 iQWeUacWiRQ  VSecificiW\  Rf  Whe  PFEMP1  SURWeiQV  fRU  Whe  eQdRWhelial  UeceSWRUV,  iQ  RUdeU 

 WR  XQleaVh  Whe  WiVVXe  WURSiVP  e[hibiWed  b\  Whe  SaUaViWe,  Ze  VeaUched  fRU  Whe  hXPaQ 

 eQdRWhelial  UeceSWRUV  e[SUeVVed  acURVV  diffeUeQW  WiVVXeV  aQd  aVVRciaWed  ZiWh 

 c\WRadheViRQ.  We  haYe  RYeUe[SUeVVed  VRPe  Rf  WheP  iQ  Whe  HEK293T  cell  liQe. 

 PF3D7_0420900,  a  PfEMP1  SURWeiQ  fURP  Whe  YaU  VXbgURXS  B  haV  beeQ  RbVeUYed  WR 

 be  eQUiched  iQ  Whe  CD151  adheUed  IEV.  IW  cRXld  be  a  SRWeQWial  iQWeUacWiQg  SaUWQeU  Rf 

 CD151.  C\WRadheViRQ  aVVa\V  ZiWh  Whe  UeVW  Rf  Whe  eQdRWhelial  UeceSWRUV  fRllRZed  b\ 

 RNA  VeTXeQciQg  Rf  Whe  adheUed  IEV  ZRXld  UeYeal  Whe  PfEMP1  VSecificiW\.  ThiV  VWXd\ 

 ZRXld  SaYe  Whe  Za\  fRU  WheUaSeXWic  UeVeaUch  aQd  helS  iQ  cRQWURlliQg  Whe  VSUead  Rf 

 PalaUia. 

 ϵ 



 AcŬŶŽǁůedgŵeŶƚƐ 

 I  aP  ZUiWiQg  WR  e[SUeVV  P\  ViQceUe  gUaWiWXde  WR  all  WhRVe  ZhR  haYe  helSed  Pe  iQ 

 cRPSleWiQg  P\  MaVWeU'V  WheViV.  I  ZRXld  like  WR  Wake  WhiV  RSSRUWXQiW\  WR  WhaQk  each  aQd 

 eYeU\ SeUVRQ ZhR haV VXSSRUWed Pe WhURXghRXW WhiV jRXUQe\, diUecWl\ RU iQdiUecWl\. 

 M\  fRUePRVW  gUaWiWXde  gReV  WR  P\  VXSeUYiVRU  DU.  KUiVhaQSal  KaUPRdi\a  fRU  hiV 

 XQZaYeUiQg  VXSSRUW  aQd  gXidaQce  WhURXghRXW  Whe  SURjecW.  IW  ZaV  a  Ueall\  Qice 

 e[SeUieQce  ZRUkiQg  XQdeU  hiP.  I  aSSUeciaWe  hiV  SheQRPeQal  effRUWV  aQd  ideaV  fRU 

 PakiQg  WhiV  ZRUk  VXcceVVfXl.  I  aP  gUaWefXl  fRU  hiV  SaWieQce  aQd  aSSUeciaWiRQ.  I  ZRXld 

 alVR  like  WR  WhaQk  P\  e[SeUW  DU.  KXQdaQ  SeQgXSWa  fRU  hiV  YalXable  gXidaQce  fRU 

 beWWeUPeQW Rf WhiV SURjecW. 

 I  aP  e[WUePel\  gUaWefXl  WR  P\  PeQWRU  Bhag\aVhUee  fRU  heU  gXidaQce,  helS  aQd 

 VXSSRUW  WhURXghRXW  Whe  SURjecW.  I  aP  WhaQkfXl  WR  DiVha  fRU  VXSSRUWiQg  Pe  iQ  P\  haUd 

 WiPeV.  HXge  WhaQkV  aQd  lRYe  WR  all  Whe  KUiVh  lab  PePbeUV  fRU  keeSiQg  a  fUieQdl\ 

 eQYiURQPeQW  iQ  Whe  lab.  IW  Pade  Pe  fRUgeW  all  P\  VWUeVVeV  aQd  ZRUk  chaUPiQgl\  eYeU\ 

 QeZ da\. I ZRXld alVR like WR WhaQk Whe SG lab PePbeUV fRU all Whe helS aQ gXidaQce. 
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 CKDSWHU 1: IQWURGXFWLRQ 

 1.1 MDODULD WKH GLVHDVH RYHUYLHZ 

 MalaUia  iV  aQ  aQcieQW  YecWRU-bRUQe  life-WhUeaWeQiQg  diVeaVe  SUiPaUil\  WUaQVPiWWed 

 WhURXgh  Whe  biWeV  Rf  fePale  AQRSheleV  PRVTXiWReV.  Si[  diffeUeQW  VSecieV  Rf  Whe 

 SURWR]RaQ  SaUaViWe  Rf  geQXV  PODVPRGLXP  aUe  kQRZQ  WR  caXVe  Whe  diVeaVe.  TheVe 

 VSecieV  iQclXde  P.  IDOFLSDUXP,  WZR  diffeUeQW  fRUPV  Rf  P.  RYDOH,  P.  PDODULDH,  P.  YLYD[, 

 aQd  P.  NQRZOHVL  .  (WilliaP  eW  al.,  2013,  AQWiQRUi  eW  al.,  2012).  The  V\PSWRPV  Rf  PalaUia 

 iQclXde  feYeU,  headache,  aQd  chillV  Zhich  W\Sicall\  RccXU  aURXQd  WeQ  da\V  afWeU  Whe 

 iQfecWiRQ.  The  V\PSWRPV  PighW  be  YaUiable  fURP  Pild  WR  VeYeUe,  aV  SeU  Whe  cRPSle[iW\ 

 Rf  Whe  PaQifeVWaWiRQ.  SeUiRXV  cRPSlicaWiRQV  Rf  PalaUia  iQclXde  VeYeUe  aQePia, 

 ceUebUal  aQd  SUegQaQc\-aVVRciaWed  PalaUia.  IW  iV  RQe  Rf  Whe  PRVW  leWhal  SaUaViWic 

 diVeaVeV  Rf  hXPaQV,  Zhich  haV  eQRUPRXV  Pedical,  ecRQRPic,  aQd  ePRWiRQal 

 iPSacWV  RQ  Whe  ZRUld.  MalaUia  iV  kQRZQ  WR  caXVe  Whe  PRVW  VigQificaQW  QXPbeU  Rf 

 deaWhV ZRUldZide (TalaSkR eW al., 2019). 

 IQ  2021,  PalaUia  had  a  deYaVWaWiQg  iPSacW  ZRUldZide.  ReSRUWedl\,  WheUe  haYe  beeQ 

 aURXQd  247  PilliRQ  dRcXPeQWed  caVeV  aQd  619,000  deaWhV.  MalaUia  iV  a  WhUeaW  WR 

 alPRVW  half  Rf  Whe  ZRUld'V  SRSXlaWiRQ  (W.H.O.).  TheUe  haV  beeQ  alPRVW  a  ceQWXU\  Rf 

 glRbal  effRUWV  aQd  UeVeaUch  beiQg  caUUied  RXW  WR  SUeYeQW,  diagQRVe,  aQd  WUeaW  Whe 

 diVeaVe.  DeVSiWe  WheVe  PaVViYe  effRUWV,  Whe  diVeaVe  cRQWiQXeV  WR  be  a  VeUiRXV  SXblic 

 healWh cRQceUQ aQd UeTXiUeV aWWeQWiRQ WR SUeYeQW aQd cRQWURl iWV VSUead. 

 MalaUia  iV  PajRUl\  eQdePic  iQ  UegiRQV  Rf  Whe  ZRUld  WhaW  haYe  WURSical  aQd  VXbWURSical 

 cliPaWeV.  IWV  iQcideQce  iV  e[ceSWiRQall\  high  iQ  AfUica.  PUegQaQW  ZRPeQ  aQd  childUeQ, 

 eVSeciall\  WhRVe  ZhR  aUe  belRZ  Whe  age  Rf  fiYe  \eaUV,  aUe  highl\  VXVceSWible  WR  Whe 

 diVeaVe.  The  WRUld  MalaUia  ReSRUW  2022  VXggeVWV  IQdia  beaUV  aSSUR[iPaWel\  3%  Rf 

 Whe  glRbal  PalaUia  bXUdeQ.  OQ  Whe  RWheU  haQd,  IQdia  beaUV  Whe  higheVW  PalaUia  bXUdeQ 

 iQ  Whe  UegiRQ  Rf  SRXWh  EaVW  AViaQ.  DeVSiWe  WhiV,  iW  haV  dePRQVWUaWed  a  VXbVWaQWial 

 decliQe  Rf  49%  iQ  Whe  UeSRUWed  caVeV  Rf  PalaUia  aQd  50.5%  iQ  deaWhV  aWWUibXWed  WR  Whe 

 diVeaVe  aV  cRPSaUed  WR  Whe  VWaWiVWicV  fURP  2017.  OYeU  Whe  SaVW  feZ  \eaUV,  IQdia  haV 

 Pade  UePaUkable  SURgUeVV  iQ  UedXciQg  Whe  iQcideQce  Rf  PalaUia.  EQcRXUagiQgl\,  Whe 

 WRUld  MalaUia  ReSRUW  haV  dRcXPeQWed  a  UePaUkable  UedXcWiRQ  iQ  Whe  QXPbeU  Rf 
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 PalaUia  caVeV  fURP  IQdia  (FigXUe  1),  ZiWh  aQ  eVWiPaWed  UedXcWiRQ  Rf  24%  iQ  2017  aV 

 cRPSaUed  WR  2016  aQd  a  fXUWheU  decUeaVe  Rf  28%  iQ  2018  aV  cRPSaUed  WR 

 2017(WMR  2022).  APRQgVW  Whe  Vi[  VSecieV  Rf  PODVPRGLXP  ,  Whe  iQfecWiRQV  caXVed  b\ 

 PODVPRGLXP IDOFLSDUXP  aUe cRQVideUed WR be Whe deadlieVW  (LaSS eW al., 2022). 

 FLJXUH 1.  The SUeYaleQce Rf PalaUia acURVV Whe glRbe  (WRUld MalaUia ReSRUW 

 2022). 

 1.2 7KH OLIH F\FOH RI  PlaVPRdiXP falciSaUXP 

 P.  IDOFLSDUXP  life  c\cle  iV  VlighWl\  cRPSle[  Zhich  deSeQdV  RQ  WZR  diffeUeQW  hRVWV, 

 fePale  AQRSheleV  PRVTXiWReV  aQd  hXPaQV  (FigXUe  2).  IW  cRPSUiVeV  Ve[Xal  aQd 

 aVe[Xal  VWageV,  beiQg  caUUied  RXW  iQ  Whe  PRVTXiWR  aQd  Whe  hXPaQ,  UeVSecWiYel\.  The 

 iQcideQce  Rf  iQfecWiRQ  RccXUV  ZheQ  Whe  PRVTXiWR  iQjecWV  Whe  VSRUR]RiWeV  iQWR  Whe  VkiQ 

 Zhile  feediQg  RQ  hXPaQ  blRRd.  IW  alVR  UeleaVeV  VRPe  YaVRdilaWRUV  WR  iQcUeaVe  Whe 

 chaQce  Rf  eQWeUiQg  Whe  blRRd  YeVVel.  TheVe  PRWile  e[WUacellXlaU  fRUPV  PigUaWe  UaSidl\ 

 WR  Whe  liYeU  WhURXgh  Whe  blRRdVWUeaP  aQd  iQYade  heSaWRc\WeV  (LRXbeQV  eW  al.,  2021), 

 WheUeb\  eVcaSiQg  hRVW  iPPXQiW\  (TaYaUeV  eW  al.,  2013).  AfWeU  Whe  iQYaViRQ,  each 
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 VSRUR]RiWe  XQdeUgReV  a  SURceVV  Rf  diffeUeQWiaWiRQ  aQd  PiWRWic  diYiViRQ,  eYeQWXall\ 

 giYiQg  UiVe  WR  WhRXVaQdV  Rf  PeUR]RiWeV.  TheVe  aUe  SRWeQW  Rf  fXUWheU  iQYaViRQ  iQ  Whe  Ued 

 blRRd  cellV  (RBCV),  Zhich  leadV  WR  Whe  RQVeW  Rf  a  PRVW  cUXcial  iQWUa-eU\WhURc\Wic  c\cle 

 (CRZPaQ  aQd  CUabb  2006).  DXUiQg  WhiV  VWage,  iW  becRPeV  SRVVible  WR  deWecW  Whe 

 cliQical  V\PSWRPV  Rf  PalaUia  (TaQgSXkdee  eW  al.,  2009).  AfWeU  Whe  iQYaViRQ  iQVide  Ued 

 blRRd  cellV,  Whe  PeUR]RiWeV  XQdeUgR  a  VeTXeQce  Rf  deYelRSPeQWal  VWageV,  VWaUWiQg 

 ZiWh  Whe  fRUPaWiRQ  Rf  UiQg-VhaSed  VWUXcWXUeV.  TheVe  UiQgV  eYeQWXall\  PaWXUe  WR  fRUP 

 WURShR]RiWeV  aQd  Vchi]RQWV,  fXUWheU  eQdV  XS  UeleaViQg  QeZ  PeUR]RiWeV  WR  UeSeaW  Whe 

 c\cle  Rf  iQYaViRQ.  SRPe  PeUR]RiWeV  fURP  Whe  SRSXlaWiRQ  diffeUeQWiaWe  WR  fRUP  Pale 

 aQd  fePale  gaPeWRc\WeV.  SXbVeTXeQWl\,  a  healWh\  fePale  aQRSheleV  PRVTXiWR  SickV 

 XS  WheVe  gaPeWRc\WeV.  The  SaUaViWeV  XQdeUgR  Ve[Xal  UeSURdXcWiRQ  eYeQW  iQVide  Whe 

 PRVTXiWR  aQd  UeleaVe  VSRUR]RiWeV  WhaW  geW  VWRUed  iQ  Whe  PRVTXiWR¶V  ValiYaU\  glaQdV. 

 HRZeYeU,  dXUiQg  Whe  Qe[W  Peal  Rf  Whe  PRVTXiWR,  WheVe  aUe  UeleaVed  iQWR  Whe  hXPaQ 

 hRVW.  P.  IDOFLSDUXP  iQfecWiRQV  SURgUeVV  fURP  XQcRPSlicaWed  WR  VeYeUe  fRUPV  Rf 

 PalaUia, Zhich iQclXde ceUebUal PalaUia aQd PXlWiSle RUgaQ cRPSlicaWiRQV. 

 FLJXUH 2.  The life c\cle Rf PalaUia SaUaViWe ;  PODVPRGLXP  IDOFLSDUXP  (MaieU eW al., 

 2018) 
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 1.3 8QFRPSOLFDWHG PDODULD 

 The  V\PSWRPV  aQd  VigQV  Rf  XQcRPSlicaWed  PalaUia  aUe  QRW  XQiTXe  aQd  caQ  be  ViPilaU 

 WR  WhRVe  Rf  RWheU  febUile  cRQdiWiRQV  (GURbXVch  eW  al.,  2005).  TheVe  iQclXde  feYeU, 

 PXVcle SaiQV, faWigXe, YRPiWiQg, abdRPiQal diVcRPfRUW, eWc. 

 1.4 SHYHUH PDODULD 

 The  iQfecWiRQV  WhaW  aUe  accRPSaQied  b\  PXlWiSle  RUgaQ  cRPSlicaWiRQV  aQd  fXUWheU 

 leadiQg  WR  RUgaQ  failXUe  beVW  chaUacWeUi]eV  Whe  cRQdiWiRQ  Rf  VeYeUe  PalaUia.  SeYeUe 

 PalaUia  iQYRlYeV  YaUiRXV  cRPSlicaWiRQV  VXch  aV  ceUebUal  PalaUia,  liYeU  failXUe,  acXWe 

 UeQal  failXUe  aQd  jaXQdice,  SXlPRQaU\  edePa,  VeYeUe  aQePia,  acXWe  UeVSiUaWRU\ 

 diVWUeVV  V\QdURPe  (ARDS),  aQd  bleediQg.  TheVe  cRPSlicaWiRQV  Pa\  deYelRS  UaSidl\ 

 aQd  caQ  SRWeQWiall\  UeVXlW  iQ  deaWh  ZiWhiQ  a  VhRUW  SeUiRd  Rf  WiPe.  The  PicURYaVcXlaU 

 VeTXeVWUaWiRQ  Rf  iQfecWed  RBCV  aQd  WheUeb\  caXViQg  Whe  RbVWUXcWiRQ  WR  blRRd  flRZ,  iV 

 UeVSRQVible fRU deYelRSiQg PXlWiSle RUgaQ cRPSlicaWiRQV (TUaPSX] eW al., 2003). 

 1.5 CHUHEUDO PDODULD 

 CeUebUal  PalaUia  iV  a  cRQdiWiRQ  WhaW  iV  cliQicall\  ideQWified  b\  a  VWaWe  Rf  XQaURXVable 

 cRPa  ZiWh  a  BlaQW\Ue  cRPa  VcRUe  �  2,  cRQVideUiQg  WheUe  aUe  QR  RWheU  SRWeQWial 

 caXVeV  Rf  cRPa,  VXch  aV  PeQiQgiWiV,  accRPSaQied  b\  a  YeU\  high  leYel  Rf 

 SaUaViWePia  caXVed  b\  PODVPRGLXP  IDOFLSDUXP  (LX]RlR  eW  al.,  2019).  CeUebUal 

 PalaUia  iV  cRQVideUed  WR  be  RQe  Rf  Whe  iPSRUWaQW  caXVeV  Rf  leWhaliW\  aPRQgVW  P. 

 IDOFLSDUXP  iQfecWiRQV.  The  diVeaVe  SaWhRlRg\  haV  beeQ  liQked  WR  Whe  VeTXeVWUaWiRQ  Rf 

 SaUaViWe-iQfecWed  eU\WhURc\WeV  iQ  Whe  deeS  PicURYaVcXlaWXUe  Rf  Whe  bUaiQ.  MXlWiSle 

 RUgaQ  cRPSlicaWiRQV,  VXch  aV  UeWiQRSaWh\  aQd  kidQe\  failXUe,  aUe  alVR  fRXQd  WR  be 

 UelaWed ZiWh ceUebUal PalaUia. 

 1.6 C\WRDGKHUHQFH 

 The  P.  IDOFLSDUXP  YiUXleQce  iV  PajRUl\  iQcideQWal  ZiWh  iWV  SURSeQViW\  WR  aWWach  iQfecWed 

 eU\WhURc\WeV  (IEV)  WR  Whe  iQQeU  liQiQg  Rf  blRRd  PicURYeVVelV  iQ  YaUiRXV  RUgaQV,  a 

 SURceVV  UecRgQi]ed  aV  c\WRadheViRQ  (FigXUe  3).  ThiV  aWWachPeQW  eQableV  Whe  IEV  WR 

 VeTXeVWeU  iQ  Whe  PicURciUcXlaWiRQ,  Zhich  leadV  WR  blRckage  Rf  blRRd  flRZ  aQd  iQdXceV 
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 iQflaPPaWiRQ  (MilleU  eW  al.,  2002).  The  RccXUUeQce  Rf  WhiV  SheQRPeQRQ  iV  PRVW 

 QRWable  dXUiQg  Whe  SaUaViWe'V  iQWUaeU\WhURc\Wic  c\cle.  The  adheUeQce  Rf  P.  IDOFLSDUXP 

 RQ  Whe  hRVW  cellV  iV  PRdXlaWed  b\  WhUee  diffeUeQW  gURXSV  Rf  SaUaViWe-deUiYed  aQWigeQV, 

 Zhich  aUe  UefeUUed  WR  aV  YaUiaQW  VXUface  aQWigeQV  (VSAV).  TheVe  VSAa  aUe  eQcRded 

 b\  Whe  PXlWigeQe  faPilieV  Rf  SaUaViWeV.  TheVe  gURXSV  cRPSUiVe  Whe  PODVPRGLXP 

 IDOFLSDUXP  EU\WhURc\We  MePbUaQe  PURWeiQ  1  (PfEMP1),  Whe  ReSeWiWiYe  IQWeUVSeUVed 

 FaPil\  (RIFIN)  SURWeiQV,  aQd  SXbWelRPeUic  VaUiable  OSeQ  ReadiQg  fUaPe  (STEVOR) 

 SURWeiQV.  The  biQdiQg  Rf  PfEMP1  WR  YaUiRXV  UeceSWRUV  SUeVeQW  RQ  diffeUeQW  eQdRWhelial 

 cellV  VXggeVWV  iWV  URle  iQ  iPPXQe  V\VWeP  eYaViRQ  aQd  PRdXlaWiRQ  Rf  Whe  iPPXQe 

 UeVSRQVe.  TheUefRUe  iW  iV  cRQVideUed  WR  be  Whe  PRVW  iPSRUWaQW  Rf  Whe  VSAV  (Lee  eW  al., 

 2019). 

 The  IEV  caQ  adheUe  WR  eQdRWhelial  cellV,  SlaceQWal  V\Qc\WiRWURShRblaVWV,  leXkRc\WeV, 

 SlaWeleWV,  aQd  XQiQfecWed  Ued  blRRd  cellV  (URVeWWiQg).  C\WRadheViRQ  VeUYeV  aV  aQ 

 iPPXQe  eYaViRQ  VWUaWeg\,  aV  Whe  SaUaViWeV  eVcaSe  fURP  VSleQic  cleaUaQce,  eQVXUiQg 

 Whe SURlRQged VXUYiYal Rf Whe SaUaViWe. 

 FLJXUH 3.  C\WRadheViRQ Rf  PODVPRGLXP IDOFLSDUXP-LQIHFWHG  eU\WhURc\WeV WR Whe 

 eQdRWheliXP Rf blRRd YeVVelV (RRZe eW al., 2009). 

 1ϲ 



 1.7 PIEMP1 PURWHLQV 

 PODVPRGLXP  IDOFLSDUXP  EU\WhURc\Wic  MePbUaQe  PURWeiQ  1  (PfEMP1)  Sla\V  a  cUXcial 

 URle  iQ  bRWh  aQWigeQic  YaUiaWiRQ  aQd  Whe  biQdiQg  Rf  IEV  WR  Whe  eQdRWhelial  cellV  Rf  Whe 

 hRVW.  ThiV  PakeV  iW  a  ke\  PRlecXle  iQ  WhiV  SURceVV.  IW  iV  Whe  PRVW  cRPSUeheQViYel\ 

 VWXdied  VSA.  PfEMP1  SURWeiQ  iV  UecRgQi]ed  aV  aQ  adheViYe  PRlecXle  WhaW  caQ  aWWach 

 WR  a  diYeUVified  eQdRWhelial  UeceSWRUV  Rf  hXPaQV.  The  geQRPe  Rf  P.  IDOFLSDUXP 

 haUbRUV  aURXQd  60  WZR-e[RQ  YaU  geQeV,  Zhich  aUe  kQRZQ  WR  eQcRde  Whe  PfEMP1 

 faPil\  Rf  SURWeiQV.  TheVe  SURWeiQV  haYe  high  PRlecXlaU  ZeighW  (200-450  kD)  aQd  aUe 

 WU\SViQ-VeQViWiYe  WUaQVPePbUaQe  SURWeiQV  (GaUdQeU  eW  al.,  2002).  The  e[RQ  I  Rf  Whe 

 YaU  geQe  VhRZV  a  high  degUee  Rf  iQWeUclRQal  aQd  iQWUaclRQal  VeTXeQce  YaUiaWiRQ.  IW 

 eQcRdeV  fRU  aQ  e[WUacellXlaU  SaUW  Rf  Whe  SURWeiQ,  Zhich  cRQViVWV  Rf  c\VWeiQe-Uich 

 iQWeUdRPaiQ  UegiRQV  (CIDRV)  alRQg  ZiWh  2‐10  DXff\‐biQdiQg‐like  (DBL)  dRPaiQV 

 (FigXUe  4  (A))  WhaW  cRQfeU  Whe  biQdiQg  SURSeUW\  (SPiWh  eW  al.,  2013).  CIDRV  aQd  DBL 

 dRPaiQV  aUe  fXUWheU  diYided  iQWR  WhUee  aQd  VeYeQ  VeTXeQce  claVVeV,  UeVSecWiYel\. 

 TheVe  dRPaiQV  XQdeUgR  QRQUaQdRP  UecRPbiQaWiRQ  iQ  diffeUeQW  PfEMP1  SURWeiQV  WR 

 fRUP  21  diffeUeQW  dRPaiQ  WUaiQV,  Zhich  aUe  alVR  UefeUUed  WR  aV  DRPaiQ  CaVVeWWeV 

 (DCV).  The  dRPaiQ  caVVeWWeV  aUe  kQRZQ  WR  deWeUPiQe  Whe  UeceSWRU  VSecificiW\  Rf  Whe 

 PfEMP1  SURWeiQV  (FigXUe  4  (B))  (HaYiid  aQd  JeQVeQ  2015).  The  e[RQ  II  iV  UelaWiYel\ 

 cRQVeUYed  aQd  cRdeV  fRU  Whe  acidic  iQWUacellXlaU  WeUPiQal  VegPeQW  (ATS)  aQd  Whe 

 VhRUW WUaQVPePbUaQe dRPaiQ (RaVk eW al., 2010). 

 PfEMP1  SURWeiQV  geW  e[SRUWed  WR  Whe  IE  VXUface  aQd  aUe  cRQfiQed  iQ  a  PePbUaQe 

 SURWUXViRQ  called  a  kQRb.  TheVe  kQRbV  XVXall\  VWaUW  aSSeaUiQg  RQ  Whe  IE  VXUface 

 aSSUR[iPaWel\  16  hRXUV  afWeU  Whe  iQYaViRQ  aQd  aUe  aW  WheiU  Seak  deQViW\  aURXQd  20 

 hRXUV  (OUWRlaQ  eW  al.,  2018).  TheVe  WiPe  SRiQWV  cRe[iVW  ZiWh  Whe  WURShR]RiWe  VWage  Rf 

 Whe  SaUaViWic  life  c\cle.  TheUefRUe  Whe  WURShR]RiWe  VWage  iV  cRQVideUed  a  cUXcial  VWage 

 iQ c\WRadheViRQ aQd SaWhRgeQeViV. 

 1ϳ 



 FLJXUH 4.  SWUXcWXUe Rf a PfEMP1 SURWeiQ (A) PfEMP1  SURWeiQV aUe cRPSRVed Rf 

 diffeUeQW W\SeV Rf DBL (DXff\-biQdiQg-like) aQd CIDR (C\VWeiQe-Uich iQWeUdRPaiQ 

 UegiRQ) dRPaiQV. T\Sicall\, PfEMP1 SURWeiQV belRQgiQg WR gURXSV B aQd C SRVVeVV 

 a VWUXcWXUe Rf fRXU-dRPaiQ, ZheUeaV Whe laUgeU PfEMP1 SURWeiQV Pa\ cRQWaiQ PRUe 

 DBL dRPaiQV. (B) The  PODVPRGLXP IDOFLSDUXP  geQRPe  eQcRdeV WaQdeP dRPaiQ 

 caVVeWWeV (DC) Zhich aUe UeVSRQVible fRU VSecific adheViRQ SheQRW\SeV (JeQVeQ eW 

 al., 2020). 

 1.8 9DU JHQHV 

 The  geQRPe  Rf  P.  IDOFLSDUXP  cRPSUiVeV  a  highl\  diYeUVe  claVV  Rf  aURXQd  60  YaU 

 geQeV,  Zhich  eQcRde  fRU  PfEMP1  YiUXleQW  SURWeiQV.  The  YaU  geQeV  cRQWiQXRXVl\ 

 XQdeUgR  UecRPbiQaWiRQV  WR  geQeUaWe  a  YaVW  UeSeUWRiUe  iQ  QaWXUe  (Flick  eW  al.,  2004). 

 ThiV  geQe  faPil\  ZaV  diVcRYeUed  iQ  1995,  a  decade  afWeU  Whe  diVcRYeU\  Rf  PfEMP1 

 SURWeiQV,  aQd  ZaV  giYeQ  Whe  QaPe  YaU(YaUiaQW)  (BaUXch  eW  al.,  1995,  SX  eW  al.,  1995, 

 SPiWh  eW  al.,  1995).  The  Vi]e  Rf  YaU  geQeV  iV  geQeUall\  laUge  (6-13kb).  TheVe  aUe 

 SUeVeQW  PRVWl\  iQ  Whe  VXbWelRPeUic  UegiRQ  Rf  QeaUl\  all  Whe  chURPRVRPeV  (GaUdQeU  eW 

 al.,  2002).  The  claVVificaWiRQ  Rf  YaU  geQeV  caQ  be  dRQe  deSeQdiQg  RQ  WheiU  XSVWUeaP 

 SURPRWeU  VeTXeQce  iQWR  WhUee  PajRU  gURXSV  (YaU  A,  YaU  B,  YaU  C)  aQd  WZR 

 iQWeUPediaWe gURXSV, YaU B/A aQd YaU B/C (LaYVWeQ eW al.,  2003). 
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 1.9 CORQDO DQWLJHQLF YDULDWLRQ LQ YDU JHQHV 

 PaUaViWic  PicURRUgaQiVPV  eQcRXQWeU  YaUiRXV  RbVWacleV  iQ  WheiU  TXeVW  WR  eVWabliVh  a 

 VWable  SUeVeQce  ZiWhiQ  WheiU  hRVW.  TheVe  iQclXde  Sh\Vical  cleaUaQce,  iPPXQe 

 deWecWiRQ,  aQd  deVWUXcWiRQ.  IQ  dXe  cRXUVe  Rf  WiPe,  P.  IDOFLSDUXP  haV  eYRlYed  ZiWh  a 

 VWUaWeg\  Rf  cRQWURlled  YaUiaWiRQ  Rf  VXUface-e[SRVed  aQWigeQic  deWeUPiQaQWV  WR  eVcaSe 

 Whe  iPPXQe  V\VWeP  aQd  PaiQWaiQ  chURQic  iQfecWiRQV  deVSiWe  cRQVWaQW  iPPXQe 

 SUeVVXUe  fURP  Whe  hRVWV.  MXlWiSle  SURWeiQV  aUe  e[SRUWed  RQ  Whe  VXUface  Rf  IEV  dXUiQg 

 Whe  iQWUaeU\WhURc\Wic  c\cle.  APRQgVW  WheP,  Whe  YaU  geQe  faPil\  Rf  SaUaViWeV 

 iPSlePeQWV  WhiV  VWUaWeg\.  OQl\  RQe  Rf  Whe  PfEMP1  YaUiaQWV  geWV  e[SUeVVed  RQ  Whe 

 VXUface  Rf  aQ\  giYeQ  IE  aW  aQ\  SaUWicXlaU  WiPe.  ThiV  e[SUeVVed  PfEMP1  YaUiaQW  caQ 

 chaQge  fURP  RQe  c\cle  WR  Whe  aQRWheU  (JeQVeQ  eW  al.,  2020).  ThiV  SaWWeUQ  Rf  PXWXall\ 

 e[clXViYe e[SUeVViRQ iV alVR UefeUUed WR aV clRQal aQWigeQic YaUiaWiRQ. 

 AccRUdiQg  WR  a  UeYieZ  b\  GXi]eWWi  aQd  ScheUf  (2013),  Whe  WUaQVcUiSWiRQ  Rf  ViQgle  YaU 

 geQe  VWaUWV  aW  Whe  UiQg  VWage  UighW  afWeU  Whe  PeUR]RiWe  iQYaViRQ  eYeQW  iQ  eU\WhURc\WeV. 

 AV  WURShR]RiWe  aQd  Vchi]RQW  VWageV  aSSURach,  Whe  e[SUeVViRQ  becRPeV  SRiVed  aQd 

 Uead\  fRU  acWiYaWiRQ  iQ  Whe  Qe[W  c\cle,  Zhich  caQ  lead  WR  a  VZiWch  WR  a  diffeUeQW  YaU 

 geQe  YaUiaQW.  ThiV  VZiWchiQg  SURceVV  caQ  UeVXlW  iQ  Whe  alWeUaWiRQ  Rf  iPPXQe 

 UeVSRQVeV  aQd  a  chaQge  iQ  Whe  SaWWeUQ  Rf  adheViRQ  SheQRW\SeV.  The  UegXlaWiRQ  Rf 

 PXWXall\  e[clXViYe  SaWWeUQV  Rf  e[SUeVViRQ  iQYRlYeV  bRWh  geQeWic  aQd  eSigeQeWic 

 facWRUV. 

 1.10 MXOWLSOH RUJDQ FRPSOLFDWLRQV LQ PDODULD 

 The  e[ceVViYe  VeTXeVWUaWiRQ  Rf  SaUaViWeV  iQ  deeS  PicURYaVcXlaU  bedV  Pa\  caXVe 

 lRcali]ed  iQflaPPaWiRQ  aQd  lead  WR  RUgaQ  cRPSlicaWiRQV  aQd  d\VfXQcWiRQ  (MilleU  eW  al., 

 2002).  PUeYiRXV  VWXdieV  haYe  VhRZQ  WhaW  PODVPRGLXP  IDOFLSDUXP  iQdXceV  PXlWiRUgaQ 

 cRPSlicaWiRQV  iQ  VeYeUe  PalaUia(Balaji  eW  al.,  2020).  CeUebUal  PalaUia  aQd  SlaceQWal 

 PalaUia  aUe  Whe  PRVW  leWhal  aQd  Zell-VWXdied  e[aPSleV  Rf  VXch  RUgaQ  cRPSlicaWiRQV 

 (BUabiQ  eW  al.,  2004,  WhiWe  eW  al.,  2013).  The  fXll\  deYelRSed  fRUPV  Rf  SaUaViWic 

 iQfecWed  eU\WhURc\WeV  (IEV)  e[hibiW  a  VeTXeVWeUed  VWaWe  ZiWhiQ  a  UaQge  Rf 

 PicURYaVcXlaU  bedV.  TheVe  iQclXde  Whe  heaUW,  lXQgV,  gaVWURiQWeVWiQal  WUacW,  kidQe\ 
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 VSleeQ,  aQd  VXbcXWaQeRXV  adiSRVe  WiVVXe  Whe  VkiQ  (FigXUe  5)  (SSiW],  1946; 

 MacPheUVRQ eW al., 1985; MilQeU eW al., 2014; MilQeU eW al., 2015). 

 AlWhRXgh  Whe  gaVWURiQWeVWiQal  WUacW  haV  beeQ  WUadiWiRQall\  YieZed  aV  a  lRcaWiRQ  ZiWh 

 lRZ  SaWhRgeQiciW\,  UeceQW  UeVeaUch  VXggeVWV  WhaW  iW  caQ  be  a  VigQificaQW  ViWe  fRU  Whe 

 VeTXeVWUaWiRQ  Rf  SaUaViWeV.  MRUeRYeU,  WheUe  aUe  gURZiQg  SieceV  Rf  eYideQce  iQdicaWiQg 

 WhaW  higheU  leYelV  Rf  SaUaViWic  iQfeVWaWiRQ  Pa\  lead  WR  cRPSURPiVed  gaVWURiQWeVWiQal 

 baUUieU  fXQcWiRQ.  IQ  faWal  ceUebUal  PalaUia  caVeV,  Whe  gaVWURiQWeVWiQal  WUacW  ZaV 

 cRQVideUed  WR  be  Whe  PajRU  VeTXeVWUaWiRQ  ViWe  (Se\del  eW  al.,  2012).  The  kidQe\ 

 XVXall\  dReV  QRW  VeUYe  aV  a  PajRU  ViWe  fRU  IEV  VeTXeVWUaWiRQ,  bXW  kidQe\  iQjXUieV  aUe 

 RfWeQ  RbVeUYed  iQ  ceUebUal  PalaUia  caVeV.  ReQal  iPSaiUPeQW  iV  a  fUeTXeQWl\  RbVeUYed 

 cRPSlicaWiRQ  iQ  VeYeUe  PalaUia  caVeV  aPRQg  adXlWV,  ZiWh  a  SUeYaleQce  Rf  XS  WR  37%. 

 ThiV  cRQdiWiRQ  iV  aVVRciaWed  ZiWh  aQ  iQcUeaVed  PRUWaliW\  UiVk,  ZiWh  a  fRXU-fRld  iQcUeaVe 

 iQ  deaWh  UaWeV  UeSRUWed  iQ  affecWed  iQdiYidXalV  (DRQdRUS  eW  al.,  2009).  The  lXQg  iV  alVR 

 cRQVideUed  a  ViWe  fRU  IEV  VeTXeVWUaWiRQ(SSiW]  eW  al.,  1946;  Se\del  eW  al.,  2015).  A 

 QRWable  SURSRUWiRQ  Rf  iQdiYidXalV  VXffeUiQg  fURP  VeYeUe  IDOFLSDUXP  PalaUia, 

 VSecificall\  XS  WR  25%  Rf  adXlWV  aQd  40%  Rf  childUeQ,  aUe  VXVceSWible  WR  Whe 

 deYelRSPeQW  Rf  UeVSiUaWRU\  diVWUeVV.  AcXWe  UeVSiUaWRU\  diVWUeVV  V\QdURPe  (ARDS) 

 aQd  AcXWe  lXQg  iQjXU\  (ALI)aUe  cRPSle[  Pedical  cRQdiWiRQV  WhaW  caQ  haYe  diYeUVe 

 XQdeUl\iQg  caXVeV.  SeYeUe  PODVPRGLXP  IDOFLSDUXP  iQfecWiRQV  aUe  cRPPRQl\ 

 aVVRciaWed  ZiWh  ARDS  (AcXWe  ReVSiUaWRU\  DiVWUeVV  S\QdURPe),  ZiWh  iQcideQce  UaWeV 

 UaQgiQg  beWZeeQ  5%  WR  25%  iQ  adXlWV  aQd  XS  WR  29%  iQ  SUegQaQW  ZRPeQ.  HRZeYeU,  iW 

 iV  QRWeZRUWh\  WhaW  ARDS  iV  aQ  iQfUeTXeQW  RccXUUeQce  iQ  \RXQg  childUeQ.(Ta\lRU  eW  al., 

 2012).  ASaUW  fURP  WhiV,  Whe  VeTXeVWUaWiRQ  Rf  SaUaViWeV  haV  alVR  beeQ  RbVeUYed  iQ 

 heaUW  aQd  liYeU  PicURYaVcXlaWXUe.  BXW  iW  UePaiQV  SRRUl\  chaUacWeUi]ed  (OUWRlaQ  eW  al., 

 2018). 

 1.11 7LVVXH WURSLVP 

 The  abiliW\  Rf  a  giYeQ  SaWhRgeQ  WR  iQWeUacW  ZiWh  diffeUeQW  WiVVXeV  RU  RUgaQV  iQ  a 

 VSecific  PaQQeU  iV  called  WiVVXe  WURSiVP.  PaUaViWeV  e[hibiW  YaU\iQg  degUeeV  aQd  leYelV 

 Rf  WURSiVP,  WaUgeWiQg  diffeUeQW  aVSecWV  Rf  Whe  hRVW  RUgaQiVP,  VXch  aV  VSecific  WiVVXeV, 

 iQdiYidXal  cellV,  aQd  eYeQ  VXbcellXlaU  cRPSaUWPeQWV.  The  facWRUV  iQflXeQciQg  a 

 SaWhRgeQ'V  VelecWiRQ  Rf  a  SaUWicXlaU  WiVVXe  fRU  iQfecWiRQ  aUe  RfWeQ  QRW  Zell  XQdeUVWRRd 

 aQd  aUe  likel\  WR  be  PXlWifaceWed.  HRZeYeU,  Whe  WURSiVP  Rf  a  SaWhRgeQ  fRU  a  VSecific 
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 WiVVXe  caQ  diUecWl\  affecW  iWV  life  c\cle,  SRWeQWiall\  SURPRWiQg  iWV  SeUViVWeQce  ZiWhiQ  Whe 

 hRVW  aQd  eQhaQciQg  iWV  caSaciW\  fRU  WUaQVPiVViRQ.  ReceQWl\  UeYieZed,  PeUeiUa  eW  al. 

 2019,  VXggeVW  WhaW  PODVPRGLXP  VhRZV  aQ  affiQiW\  fRU  alPRVW  all  Whe  RUgaQV  VXch  aV 

 CNS,  lXQgV,  liYeU,  VSleeQ,  iQWeVWiQe,  kidQe\,  l\PSh  QRdeV,  VkiQ,  bRQe  PaUURZ,  adiSRVe 

 WiVVXe,  aQd  SlaceQWa.  The  PfEMP1  SURWeiQV  Rf  P.  IDOFLSDUXP  ,  Zhich  aUe  UeVSRQVible 

 fRU  c\WRadheViRQ,  iQcRUSRUaWe  Whe  VSecificiW\  fRU  PXlWiSle  hRVW  WiVVXeV  (FigXUe  5  (B)). 

 The  aQWigeQic  YaUiaWiRQ  iQ  YaU  geQeV  leadV  WR  Whe  fRUPaWiRQ  Rf  a  diYeUVe  UeSeUWRiUe  Rf 

 PfEMP1  UeceSWRUV,  Zhich  geQeUaWeV  aQ  aYeQXe  fRU  Whe  SaUaViWe  WR  SeUfRUP  iQWeUacWiRQ 

 ZiWh  PXlWiSle  eQdRWhelial  UeceSWRUV  aQd  caXVe  VeTXeVWUaWiRQ  iQ  diYeUVe  PicURYaVcXlaU 

 bedV. 

 FLJXUH 5.  TiVVXe WURSiVP iQ  P. IDOFLSDUXP  PalaUia  (A) DiffeUeQWial e[SUeVViRQ Rf 

 eQdRWhelial UeceSWRUV aQd dRZQVWUeaP eYeQWV afWeU Whe SaUaViWe IE VeTXeVWUaWiRQ. 

 (B) TiVVXe VSecific VeTXeVWUaWiRQ Rf diffeUeQW DCV Rf PfEMP1 SURWeiQV. (AiUd eW al., 

 2014) 
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 1.12 EQGRWKHOLDO UHFHSWRUV 

 VaVcXlaU  eQdRWheliXP  VhRZV  diYeUViW\  iQ  Whe  cell  SRSXlaWiRQ  WhaW  e[SUeVVeV  diYeUVe 

 WUaQVPePbUaQe  UeceSWRUV.  The  Zell-kQRZQ  eQdRWhelial  cell  UeceSWRUV  WhaW  aUe 

 iQYRlYed  iQ  c\WRadheViRQ  Rf  P.  IDOFLSDUXP  IEV  aUe  CD36  (BaUQZell  eW  al.,  1989), 

 EPCR  (TXUQeU  eW  al.,  2013),  aQd  ICAM-1  (BeUeQdW  eW  al.,  1989),  PECAM-1.  ASaUW 

 fURP  WhiV,  WheUe  aUe  PRUe  WhaQ  WeQ  UeceSWRUV  haYe  beeQ  fRXQd  aV  PfEMP1  iQWeUacWRUV, 

 Zhich  iQclXde  P  SelecWiQ,  E  SelecWiQ,  CD9,  CD151,  WhURPbRVSRQdiQ,  cRPSlePeQW 

 C1Q  biQdiQg  SURWeiQ,  aQd  VECAM-1,  eWc.  TheVe  UeceSWRUV  aUe  e[SUeVVed  iQ  Whe 

 PicURYaVcXlaWXUe  Rf  YiWal  RUgaQV.  DeVSiWe  haYiQg  eYideQce,  Whe  iQWeUacWiRQV  Rf  WheVe 

 UeceSWRUV ZiWh PfEMP1 SURWeiQV haYe QRW beeQ Zell chaUacWeUi]ed. 

 The  RbjecWiYe  Rf  WhiV  SURjecW  iV  WR  cRQdXcW  a  cRPSUeheQViYe  iQYeVWigaWiRQ  iQWR  Whe 

 iQWeUacWiRQV  WhaW  UeVXlW  iQ  WiVVXe  WURSiVP  iQ  PODVPRGLXP  IDOFLSDUXP  aQd  WR 

 chaUacWeUi]e  WheP.  The  SUiPaU\  RbjecWiYe  iV  WR  ideQWif\  Whe  cUiWical  eQdRWhelial 

 UeceSWRUV  aVVRciaWed  ZiWh  c\WRadheViRQ  aQd  VeTXeVWUaWiRQ  Rf  PalaUia  SaUaViWeV.  TR 

 achieYe  WhiV,  Ze  SlaQ  WR  SeUfRUP  c\WRadheViRQ  aVVa\V  XQdeU  VWaWic  cRQdiWiRQV  XViQg 

 Whe  labRUaWRU\  VWUaiQ  Rf  P.  IDOFLSDUXP  ,  3D7.  SXbVeTXeQWl\,  Ze  Zill  iQYeVWigaWe  Whe 

 XSUegXlaWiRQ  Rf  PfEMP1,  VSecificall\  iQ  Whe  3D7  SRSXlaWiRQ,  WhaW  iQWeUacWV  ZiWh  Whe 

 WaUgeWed  eQdRWhelial  UeceSWRU.  ThiV  aSSURach  Zill  geQeUaWe  a  cRPSUeheQViYe  PaS, 

 UeYealiQg  Whe  ke\  Sla\eUV  iQYRlYed  iQ  Whe  WiVVXe  WURSiVP  Rf  P.  IDOFLSDUXP  .  The 

 UeVXlWiQg  iQfRUPaWiRQ  Zill  helS  ideQWif\  SRWeQWial  WheUaSeXWic  WaUgeWV  fRU  iQhibiWiQg  WiVVXe 

 WURSiVP aQd, XlWiPaWel\, cRQWURlliQg Whe VSUead Rf PalaUia. 

 OYeUall,  WhiV  SURjecW  aiPV  WR  SaYe  Whe  Za\  fRU  fXWXUe  WheUaSeXWic  UeVeaUch  fRcXVed  RQ 

 P.  IDOFLSDUXP  PalaUia.  B\  ideQWif\iQg  Whe  eVVeQWial  eQdRWhelial  UeceSWRUV  WhaW 

 cRQWUibXWe  WR  WiVVXe  WURSiVP,  Ze  caQ  beWWeU  XQdeUVWaQd  Whe  SaWhRgeQeViV  Rf  Whe 

 diVeaVe aQd deYelRS PRUe effecWiYe WUeaWPeQWV WR cRPbaW iWV VSUead. 
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 CKDSWHU 2: MDWHULDOV DQG MHWKRGV 

 2.1  IQ YLWUR FXOWXUH RI  PlaVPRdiXP  falciSaUXP 

 The  PODVPRGLXP  IDOFLSDUXP  VWUaiQ  3D7  ZaV  cXlWXUed  iQ  YiWUR  XViQg  RPMI1640 

 PediXP.  The  PediXP  ZaV  VXSSlePeQWed  ZiWh  0.5%  AlbXMAX  I,  25  PM  HEPES,  11 

 PM  glXcRVe,  100  ȝM  h\SR[aQWhiQe,  1.77  PM  VRdiXP  bicaUbRQaWe,  aQd  12.5  ȝg/Pl 

 geQWaPiciQ  VXlfaWe.  The  cXlWXUe  ZaV  PaiQWaiQed  iQ  a  5%  CO2  iQcXbaWRU  aW  37  �C  ZiWh 

 hXPidified  cRQdiWiRQV  aQd  VXbcXlWXUiQg  ZaV  dRQe  eYeU\  WZR  da\V,  b\  PeaQV  Rf 

 VSliWWiQg  Whe  flaVk  WR  eQVXUe  a  SaUaViWePia  Rf  aURXQd  5%.  The  hePaWRcUiW  leYel  ZaV 

 PaiQWaiQed  aW  3%  b\  addiQg  fUeVhl\  ZaVhed  hXPaQ  RBCV  (O  +Ye)  RbWaiQed  fURP 

 healWh\  hXPaQ  dRQRUV.  The  SaUaViWePia  leYel  ZaV  PRQiWRUed  b\  VWaiQiQg  WhiQ  blRRd 

 VPeaUV ZiWh GiePVa. 

 2.2 HBEC-5L LQ YLWUR FXOWXUH 

 The  SUiPaU\  cell  liQe  HBEC-5i,  a  ceUebUal  PicURYaVcXlaU  eQdRWhelial  cell  liQe,  ZaV 

 kiQdl\  SURYided  b\  DU.  HeP  ChaQdUa  Jha  (IIT  IQdRUe).  The  HBEC-5i  ZeUe  iQiWiall\ 

 cXlWXUed  iQ  DXlbeccR'V  MRdified  Eagle  MediXP:  QXWUieQW  Mi[WXUe  F-12  (DMEM-F12 

 HAM).  The  PediXP  ZaV  VXSSlePeQWed  ZiWh  40  �g/PL  eQdRWhelial  cell  gURZWh 

 VXSSlePeQW  (ECGS),  10%  FBS,  aQd  1%  aQWibiRWic  aQWi-aQWi.  The  cell  cXlWXUe  SlaWeV 

 ZeUe PRQiWRUed fRU cRQflXeQc\ aQd giYeQ SaVVageV ZheQ 80% cRQflXeQW. 

 2.3 HEK2937 LQ YLWUR FXOWXUH 

 HEK293T  iV  aQ  iPPRUWali]ed  hXPaQ  ePbU\RQic  kidQe\  cell  liQe.  IW  ZaV  kiQdl\ 

 SURYided  b\  SG  lab.  The  cXlWXUiQg  Rf  cellV  ZaV  dRQe  iQ  DXlbeccR'V  MRdified  Eagle 

 MediXP:  QXWUieQW  Mi[WXUe  F-12  (DMEM-F12  HAM).  The  PediXP  ZaV  VXSSlePeQWed 

 ZiWh  10%  FBS.  The  cell  cXlWXUe  SlaWeV  ZeUe  PRQiWRUed  XQdeU  Whe  bUighW  field  iQYeUWed 

 ZeiVV  PicURVcRSe  aQd  ZeUe  giYeQ  SaVVageV  afWeU  100%  cRQflXeQc\.  The  cellV  ZeUe 

 fXUWheU XVed fRU RYeUe[SUeVViRQ VWXdieV. 
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 2.4 PODVPLGV 

 The  SlaVPidV  PeQWiRQed  belRZ  iQ  (Table  1)  ZeUe  RbWaiQed  fURP  addgeQe.  TheVe 

 cRQWaiQ Whe hXPaQ eQdRWhelial UeceSWRUV Rf RXU iQWeUeVW. 

 SU. 
 NR. 

 HXPDQ EQGRWKHOLDO 
 UHFHSWRU 

 PODVPLG QDPH  SL]H(BDVH 
 SDLUV) 

 PODVPLG LGV 

 1.  CD36  PCheUU\-CD36-C-10  6139  55011 

 2.  ICAM-1  HXPaQ ICAM-1  5831  8632 

 3.  PECAM1  SLPCX-PECAMTS  10,044  4585 

 4.  P SelecWiQ  SELP-biR-HiV  8951  51639 

 5.  CD9  CD9-PEGFP  5388  182864 

 6.  CD151  PASSle-CD151-7  5476  54873 

 7.  ThURPbRVSRQdiQ  THBS1-biR-HiV  10148  53417 

 8.  CRPSlePeQW C1Q 

 biQdiQg facWRU 

 C1QBP-biR-HiV  7484  53330 

 9.  EPCR  SGEM-T  3000  HG13320-G 

 7DEOH  1.  The  liVW  Rf  SlaVPidV  RbWaiQed  fURP  AddgeQe  haUbRUiQg  Whe  geQeV  fRU  hXPaQ 

 eQdRWhelial UeceSWRUV Rf iQWeUeVW. 

 2.5 GHQHUDWLRQ RI RYHUH[SUHVVLRQ FHOO OLQHV 

 The  HEK293T  cell  liQe  ZaV  XVed  WR  RYeUe[SUeVV  hXPaQ  eQdRWhelial  UeceSWRUV 

 WhURXgh  WUaQVfecWiRQ.  The  WUaQVfecWiRQ  SURceVV  ePSlR\ed  LiSRfecWaPiQe  P3000 

 UeageQW  (IQYiWURgeQ),  aQd  a  ViQgle  10cP  cell  cXlWXUe  SlaWe  ZiWh  80-90%  cRQflXeQc\ 

 ZaV  XVed.  FiUVWl\,  Pedia  UePRYal  ZaV  dRQe  fURP  Whe  SlaWe,  aQd  Whe  cellV  ZeUe  WheQ 
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 iQcXbaWed  ZiWh  QXWUieQW-deficieQW  OSWiMEM  PediXP  fRU  half  aQ  hRXU  aW  37�C.  TR 

 achieYe WhiV, 2.5Pl Rf OSWiMEM SeU 10cP SlaWe ZaV XWili]ed. 

 SiPXlWaQeRXVl\,  a  DNA-LiSRfecWaPiQe  Pi[WXUe  ZaV  SUeSaUed  XViQg  12�l  Rf 

 LiSRfacWaPiQe,  15�l  Rf  P3000,  aQd  10.5�g  Rf  SlaVPid  DNA  iQ  2.5Pl  Rf  OSWiMEM  SeU 

 10cP  Rf  HEK293T.  IW  ZaV  WheQ  VXbjecWed  WR  iQcXbaWiRQ  aW  RT  fRU  aURXQd  12  PiQXWeV. 

 AfWeU  Whe  half-hRXU  iQcXbaWiRQ  SeUiRd,  Whe  DNA-LiSRfecWaPiQe  Pi[WXUe  ZaV  added 

 dURS b\ dURS WR Whe SlaWe. 

 SXbVeTXeQWl\,  Whe  cellV  ZeUe  VXbjecWed  WR  iQcXbaWiRQ  ZiWh  a  WUaQVfecWiRQ  PediXP  fRU 

 12-14  hRXUV  aW  37�C,  fRllRZiQg  Zhich  Whe\  ZeUe  SURYided  ZiWh  DMEM  Pedia.  TheVe 

 RYeUe[SUeVViRQ liQeV ZeUe WheQ XVed fRU c\WRadheViRQ aVVa\V. 

 2.6 SWDWLF F\WRDGKHVLRQ DVVD\ 

 IQ  1995,  CRRke  aQd  CRSSel  eW  al.  VWaQdaUdi]ed  VWaWic  c\WRadheViRQ  aVVa\V  fRU 

 VWXd\iQg  Whe  c\WRadheViRQ  Rf  PODVPRGLXP  IDOFLSDUXP  -iQfecWed  eU\WhURc\WeV.  The 

 SURcedXUe  iQYRlYed  XViQg  a  HEK293T  cell  cXlWXUe  SlaWe  ZiWh  90%  cRQflXeQc\,  Zhich 

 ZaV  iQcXbaWed  ZiWh  10Pl  Rf  a  3D7  SaUaViWe  cXlWXUe  fRU  1  hRXU  aW  37�C.  The  cXlWXUe 

 cRQWaiQed  PaWXUe-VWage  SaUaViWeV,  VSecificall\  WURShR]RiWeV,  aW  10%  SaUaViWePia  aQd 

 3%  hePaWRcUiW.  SXbVeTXeQWl\,  XQbRXQd  Ued  blRRd  cellV  (RBCV)  ZeUe  ZaVhed  Rff 

 XViQg  1[  DPBS  ZiWh  a  VWaQdaUdi]ed  ZaVhiQg  SURcedXUe,  aQd  Whe  bRXQd  RBCV  ZeUe 

 UePRYed  ZiWh  VWUiQgeQW  ZaVheV  aQd  cRllecWed  iQ  a  falcRQ  WXbe.  The  cRllecWed  PaWeUial 

 ZaV  WheQ  VSXQ  aW  1200USP  fRU  fRXU  PiQXWeV,  aQd  Whe  VXSeUQaWaQW  ZaV  UePRYed, 

 leaYiQg behiQd a SelleW WhaW ZaV VXbjecWed WR fXUWheU RNA iVRlaWiRQ SURcedXUeV. 

 2.7 CF11 FHOOXORVH ILOWUDWLRQ 

 VeQkaWeVaQ  eW  al.  (2012)  deYelRSed  a  PeWhRd  fRU  UedXciQg  hXPaQ  DNA 

 cRQWaPiQaWiRQ  fURP  P.  IDOFLSDUXP  -iQfecWed  ZhRle  blRRd  VaPSleV,  Zhich  Ze  adaSWed 

 WR  UePRYe  HEK293T  DNA  fURP  RXU  VaPSleV.  TR  accRPSliVh  WhiV,  Ze  XVed  a  10Pl 

 diVSRVable  V\UiQge  ZiWh  Whe  SlXQgeU  UePRYed  aQd  iQVeUWed  a  1  cPð  VTXaUe  Rf  leQV 

 SaSeU  aW  Whe  bRWWRP  Rf  Whe  V\UiQge  baUUel  WR  cRYeU  Whe  WiS  RSeQiQg.  ASSUR[iPaWel\  11 

 Pl  Rf  lRRVel\  Sacked  cellXlRVe  SRZdeU  ZaV  added  WR  Whe  V\UiQge  baUUel,  eQVXUiQg  WhaW 

 Whe  leQV  SaSeU  fXll\  cRYeUed  Whe  V\UiQge  RSeQiQg  aQd  WhaW  Whe  cellXlRVe  SRZdeU  did 

 QRW  fall  RXW.  The  SlXQgeU  ZaV  WheQ  iQVeUWed,  aQd  Whe  cellXlRVe  SRZdeU  ZaV  Sacked 
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 dRZQ  WR  aSSUR[iPaWel\  Whe  5.7  Pl  PaUk.  Ne[W,  Ze  SaVVed  7Pl  Rf  1[  PBS  WhURXgh  Whe 

 cRlXPQ WR Pake iW ZeW, allRZiQg Whe flRZWhURXgh WR cRPe RXW b\ gUaYiW\. 

 The  cell  SelleW,  Zhich  cRQViVWed  Rf  IEV  adheUed  WR  HEK293T  cellV,  ZaV  dilXWed  iQ 

 eTXal  YRlXPeV  Rf  1[  PBS/RPMI  aQd  WheQ  SaVVed  WhURXgh  Whe  cRlXPQ,  allRZiQg  Whe 

 flRZWhURXgh  WR  cRPe  RXW  b\  gUaYiW\.  OQce  Whe  cRlXPQ  ZaV  ePSW\,  aQ  addiWiRQal  5-7  Pl 

 Rf  PBS/RPMI  ZaV  SaVVed  WhURXgh  Whe  cRlXPQ,  aQd  Whe  SlXQgeU  ZaV  iQVeUWed.  FiQall\, 

 all Whe VWXck VaPSle ZaV WakeQ RXW b\ fRUcibl\ SUeVViQg Whe SlXQgeU. 

 B\  XWili]iQg  WhiV  PeWhRd,  Ze  ZeUe  able  WR  VigQificaQWl\  UedXce  Whe  SUeVeQce  Rf 

 HEK293T  DNA  iQ  RXU  VaPSleV,  WheUeb\  iPSURYiQg  Whe  TXaliW\  aQd  UeliabiliW\  Rf  RXU 

 daWa. 

 2.8 RNA LVRODWLRQ XVLQJ 7RI]RO PHWKRG 

 The  haUYeVWed  cell  SelleWV  ZeUe  VXbjecWed  WR  hRPRgeQi]aWiRQ  XViQg  500�l  Rf  TRI]Rl 

 (BiRUad)  UeageQW.  The  TRI]Rl  VXVSeQViRQ  ZaV  Pi[ed  WhRURXghl\  ZiWh  0.2  WiPeV  iWV 

 YRlXPe  Rf  chlRURfRUP  aQd  allRZed  WR  iQcXbaWe  aW  URRP  WePSeUaWXUe  fRU  12  PiQXWeV. 

 AfWeUZaUd,  Whe  VaPSleV  ZeUe  VXbjecWed  WR  ceQWUifXgaWiRQ  aW  14,000  RPM  fRU  25 

 PiQXWeV  aW  a  WePSeUaWXUe  Rf  4�C.  The  XSSeU  aTXeRXV  ShaVe  ZaV  WheQ  cRllecWed 

 PeWicXlRXVl\ iQWR a VeSaUaWe WXbe. 

 TR  caXVe  RNA  SUeciSiWaWiRQ  fURP  Whe  XSSeU  aTXeRXV  ShaVe  WhaW  ZaV  cRllecWed, 

 iVRSURSaQRl  aW  a  YRlXPe  Rf  0.5  WiPeV  Whe  XSSeU  ShaVe  ZaV  added  WR  Whe  WXbeV.  The 

 Pi[WXUe  ZaV  WheQ  WhRURXghl\  Pi[ed  aQd  allRZed  WR  iQcXbaWe  aW  URRP  WePSeUaWXUe  fRU 

 15-20  PiQXWeV.  The  Qe[W  VWeS  iQYRlYed  ceQWUifXgiQg  Whe  VaPSleV  aW  14,000  RPM  fRU 

 12  PiQXWeV  aW  a  WePSeUaWXUe  Rf  4℃  WR  fRUP  a  SelleW  Rf  RNA.  The  VXSeUQaWaQW  ZaV 

 UePRYed,  aQd  Whe  RNA  SelleW  ZaV  ZaVhed  ZiWh  70%  eWhaQRl  RQce.  The  RNA  SelleW 

 ZaV  aiU-dUied  aQd  WheQ  UeVXVSeQded  iQ  QXcleaVe-fUee  ZaWeU.  The  cRQceQWUaWiRQ  Rf 

 RNA iQ Whe UeVXlWiQg VRlXWiRQ ZaV deWeUPiQed XViQg a QaQRdURS iQVWUXPeQW. 

 2.9 QXDQWLWDWLYH RHDO-7LPH PCR 
 The  VWXd\  XWili]ed  1  PicURgUaP  Rf  RNA  WhaW  ZaV  fUee  Rf  DNAVe  WR  geQeUaWe  cDNA  Yia 

 Whe  IPPURP-II  ReYeUVe  TUaQVcUiSWiRQ  S\VWeP  (PURPega),  XViQg  UaQdRP  SUiPeUV. 

 Real-WiPe  PCR  ZaV  SeUfRUPed  XViQg  Whe  CFX96  Real-TiPe  PCR  deWecWiRQ  V\VWeP 

 (BiRUad),  ZiWh  Whe  iQWeUQal  cRQWURlV  beiQg  P.  falciSaUXP  VeU\l-WRNA  V\QWheWaVe  aQd 

 HXPaQ  GAPDH.  TR  PeaVXUe  Whe  e[SUeVViRQ,  SYBR  gUeeQ  d\e  ZaV  ePSlR\ed  WR 

 TXaQWif\ flXRUeVceQce. Each e[SeUiPeQW cRQViVWed Rf WhUee WechQical UeSlicaWeV. 
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 CKDSWHU 3: RHVXOWV 

 3.1 7LVVXH-ZLVH GLVWULEXWLRQ SURILOH IRU PIEMP1 UHFHSWRUV 

 We  ZaQWed  WR  VWXd\  Whe  iQWeUacWiRQV  beWZeeQ  PfEMP1  SURWeiQV  aQd  Whe  eQdRWhelial 

 UeceSWRUV  acURVV  Whe  ZhRle  bRd\.  TheUefRUe  Ze  cRQdXcWed  a  cRPSUeheQViYe 

 liWeUaWXUe  VXUYe\  WR  lRcaWe  aQd  ideQWif\  Whe  Zell-kQRZQ  PfEMP1-iQWeUacWiQg  eQdRWhelial 

 UeceSWRUV  WhaW  aUe  SUedRPiQaQWl\  e[SUeVVed  iQ  Whe  PicURYaVcXlaWXUe  Rf  YiWal  RUgaQV 

 aQd  aUe  belieYed  WR  caXVe  VeYeUe  PalaUial  cRPSlicaWiRQV.  IW  UeYealed  WhaW  CD36  iV 

 PaiQl\  e[SUeVVed  iQ  heSaWRc\WeV,  adiSRVe  WiVVXeV,  aQd  heaUW  cellV,  aV  UeSRUWed  iQ 

 VWXdieV  b\  Ka]eP  ZibaUa  eW  al.  2002  aQd  LehQeU  eW  al.  2016.  ICAM-1  dePRQVWUaWeV 

 Whe  higheVW  e[SUeVViRQ  RQ  bUaiQ  PicURYaVcXlaWXUe,  aV  UeSRUWed  iQ  a  VWXd\  b\ 

 CXQQiQghaP  eW  al.  2017.  EQdRWhelial  SURWeiQ  C  UeceSWRU  (EPCR)  iV  SUedRPiQaQWl\ 

 SUeVeQW  iQ  Whe  bUaiQ  aQd  SlaceQWa.  PECAM-1  iV  SUeVeQW  iQ  Whe  bUaiQ  aQd  lXQgV  aQd  iV 

 kQRZQ  WR  caXVe  PalaUia-aVVRciaWed  SXlPRQaU\  cRPSlicaWiRQV,  aV  UeSRUWed  iQ  a  VWXd\ 

 b\  BeUgeU  eW  al.  2013.  CD9  iV  PajRUl\  e[SUeVVed  iQ  Whe  eVRShagXV.  P  SelecWiQ  iV 

 PajRUl\  SUeVeQW  iQ  Whe  kidQe\  aQd  XUiQaU\  bladdeU,  aV  Zell  aV  iQ  Whe  UeVSiUaWRU\  WUacW. 

 ThURPbRVSRQdiQ  1  dePRQVWUaWeV  e[SUeVViRQ  iQ  Whe  lXQgV  aQd  gall  bladdeU.  IQ 

 cRQWUaVW,  CD151  VhRZV  SUedRPiQaQW  e[SUeVViRQ  iQ  Whe  heaUW  aQd  lXQgV.  CRPSlePeQW 

 C1T  biQdiQg  SURWeiQ  iV  SUeVeQW  iQ  Whe  kidQe\V  (MeWZall\  eW  al.,  2017).  OYeUall,  WheVe 

 fiQdiQgV  highlighW  Whe  VSecific  e[SUeVViRQ  SaWWeUQV  Rf  PfEMP1-iQWeUacWiQg  eQdRWhelial 

 UeceSWRUV  acURVV  YaUiRXV  PicURYaVcXlaU  bedV  (FigXUe  6),  SURYidiQg  iQVighWV  iQWR  Whe 

 PRlecXlaU  PechaQiVPV  XQdeUl\iQg  VeYeUe  PalaUial  cRPSlicaWiRQV  iQ  diffeUeQW  RUgaQV 

 WR  deYelRS  WaUgeWed  WheUaSeXWic  iQWeUYeQWiRQV  fRU  VeYeUe  PalaUia.  We  fXUWheU 

 iQYeVWigaWed  Whe  effecW  Rf  c\WRadheUeQce  RQ  WheVe  UeceSWRUV,  aV  iW  haV  beeQ  VhRZQ  WR 

 Sla\ a VigQificaQW URle iQ VeYeUe PalaUia SaWhRgeQeViV. 
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 FLJXUH 6  . TiVVXe-ZiVe diVWUibXWiRQ SURfile fRU PfEMP1  iQWeUacWiQg PajRU hXPaQ 

 eQdRWhelial UeceSWRUV (iPage cUeaWed fURP alaP\.cRP). 

 3.2 IVRODWLRQ DQG FRQILUPDWLRQ RI SODVPLGV REWDLQHG IURP AGGJHQH 

 The  SlaVPidV  haUbRUiQg  Whe  geQeV  fRU  eQdRWhelial  UeceSWRUV  ZeUe  UeceiYed  iQ  a 

 bacWeUial  VWab.  We  gUeZ  Whe  bacWeUia  RQ  LXUia  BeUWaQi  AgaU  PediXP  aQd  iVRlaWed  Whe 

 SlaVPidV  XViQg  MacheUe\  Nagel  PiQi  SUeS  kiW.  SiQgle  digeVWiRQ  ZaV  dRQe  WR  check 

 Whe  SUeVeQce  Rf  Whe  cRUUeVSRQdiQg  SlaVPidV.  We  ZeUe  able  WR  Vee  Whe  baQdV  aW 
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 e[SecWed  Vi]eV;  CD36  (6139bS),  CD9(5388bS),  CD151(5476bS),  ICAM-1(5831bS), 

 PECAM(10,044bS),  SELP(8951bS),  THBS1(10,148bS),  C1QBP(7484bS)  (FigXUe  7). 

 ThiV  gaYe  XV  a  cRQfiUPaWiRQ  Rf  Whe  SUeVeQce  Rf  SlaVPidV  aQd  allRZed  XV  WR  SURceed 

 fXUWheU. 

 FLJXUH 7.  AgaURVe gel (1%) iPage UeSUeVeQWiQg baQdV  Rf Whe SlaVPidV CD36, CD9, 

 CD151, ICAM1, PECAM1, SELP, THBS1, C1QBP 

 3.3 SXEFORQLQJ RI EPCR 

 IQ  WhiV  VWXd\,  Ze  aiPed  WR  geQeUaWe  aQ  RYeUe[SUeVViRQ  liQe  Rf  EPCR  iQ  HEK293T 

 cellV.  The  cRPPeUciall\  UeceiYed  SlaVPid  cRQWaiQed  EPCR  iQ  a  bacWeUial  e[SUeVViRQ 

 V\VWeP  SGEMT,  Zhich  ZaV  QRW  VXiWable  fRU  RXU  SXUSRVe.  TheUefRUe,  Ze  VXbclRQed 

 Whe  EPCR  geQe  iQWR  a  SCMV9  YecWRU,  a  Zell-kQRZQ  PaPPaliaQ  e[SUeVViRQ  YecWRU. 

 TR  cRQfiUP  Whe  VXcceVVfXl  VXbclRQiQg  Rf  EPCR  iQWR  Whe  SCMV9  YecWRU,  Ze  SeUfRUPed 

 PCR  aQd  dRXble  digeVWiRQ  ZiWh  Whe  UeVWUicWiRQ  eQ]\PeV  BaPH1  aQd  HiQdII.  The  PCR 

 SURdXcW  ZaV  RbVeUYed  aW  Whe  e[SecWed  Vi]e  Rf  717bS  (FigXUe  8  (A),  iQdicaWiQg  Whe 

 SUeVeQce  Rf  EPCR  iQ  Whe  YecWRU.  The  dRXble  digeVWiRQ  UeVXlWed  iQ  Whe  e[SecWed  baQd 
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 SaWWeUQ  (FigXUe  8  (B)),  cRQfiUPiQg  Whe  VXcceVVfXl  VXbclRQiQg  Rf  EPCR  iQWR  Whe  SCMV9 

 YecWRU. 

 FLJXUH 8.  (A) PCR cRQfiUPaWiRQ Rf EPCR clRQe (EPCR=717bS)  (B) DigeVWiRQ 

 cRQfiUPaWiRQ Rf clRQe 

 3.4 SWDWLF F\WRDGKHVLRQ DVVD\ ZLWK HBEC-5L 

 We  ZaQWed  WR  YalidaWe  Whe  VWaWic  c\WRadheUeQce  aVVa\  ZiWh  Whe  HBEC-5i  cell  liQe, 

 Zhich  SUedRPiQaQWl\  VhRZV  Whe  eQdRgeQRXV  e[SUeVViRQ  Rf  ICAM-1  UeceSWRU,  iQ  RXU 

 labRUaWRU\  cRQdiWiRQV.  WeVWeUQ  blRW  aQal\ViV  XViQg  aQWi-ICAM-1  aQWibRd\  cRQfiUPed 

 Whe  SUeVeQce  Rf  ICAM-1  UeceSWRU(FigXUe  9  (A)).  AfWeU  cRQdXcWiQg  a  VWaWic 

 c\WRadheViRQ  aVVa\  ZiWh  Whe  SUiPaU\  cell  liQe  HBEC-5i,  Ze  fRXQd  WhaW  Ued  blRRd  cellV 

 (RBCV)  iQfecWed  ZiWh  SaUaViWeV  fURP  Whe  3D7  SaUaViWe  cXlWXUe  VhRZed  a  VigQificaQW 

 aPRXQW  Rf  biQdiQg  WR  Whe  HBEC-5i  cellV.  ThiV  ZaV  QRW  RbVeUYed  ZiWh  QRQ-iQfecWed 

 RBCV  (FigXUe  9  (B)).  ThiV  UeVXlW  cRQfiUPed  Whe  YalidaWiRQ  Rf  Whe  aVVa\  aQd  aVVXUed 
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 XV  WR  SURceed  ZiWh  fXUWheU  labRUaWRU\  iQYeVWigaWiRQV  RQ  Whe  iQWeUacWiRQ  beWZeeQ  Whe 

 PfEMP1 aQd eQdRWhelial cell UeceSWRUV. 

 FLJXUH 9.  (A) WeVWeUQ BlRW cRQfiUPaWiRQ Rf ICAM1  UeceSWRU (B) C\WRadheViRQ Rf 

 iQfecWed RBCV WR HBEC-5i cellV (DaWa cUediWV: Bhag\aVhUee DeVhPXkh) 

 3.5  RHSUHVHQWDWLYH  FDQGLGDWHV  IURP  9DU  VXEJURXSV  GLG  QRW  VKRZ  DQ\  ELQGLQJ 
 WR HBEC-5L FHOOV 

 FRllRZiQg  YalidaWiRQ,  a  c\WRadheUeQce  aVVa\  ZaV  SeUfRUPed  WR  check  Whe  PfEMP1 

 biQdiQg  SaUWQeUV  fRU  ICAM-1  UeceSWRU  XViQg  HBEC-5i  cellV  aQd  a  3D7  SaUaViWe 

 cXlWXUe.  SXbVeTXeQWl\,  Whe  Red  BlRRd  CellV  (RBCV)  WhaW  adheUed  WR  Whe  HBEC-5i 

 cellV  ZeUe  cRllecWed  aQd  VXbjecWed  WR  RNA  iVRlaWiRQ.  The  SUeVeQce  Rf  RNA  fURP  Whe 

 YaU  geQe  faPil\  ZaV  WheQ  e[aPiQed  iQ  WheVe  cellV  XViQg  aQ  RT-TPCR  UeacWiRQ. 

 ReSUeVeQWaWiYe  caQdidaWeV  fURP  each  YaU  VXbgURXS  ZeUe  VelecWed  baVed  RQ  WheiU 

 URle  iQ  SaWhRgeQeViV,  Zhich  iQclXded  PF3D7_0200100,  PF3D7_0500100, 

 PF3D7_1200600,  PF3D7_1200100  (VaUB);  PF3D7_0420900  (VaUC);  aQd 

 PF3D7_0809100  (VaU  B/C).  UQfRUWXQaWel\,  QRQe  Rf  WheVe  caQdidaWeV  ZeUe  fRXQd  WR 
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 be  e[SUeVVed  iQ  Whe  IEV  adheUed  WR  Whe  HBEC-5i  cellV.  P.  IDOFLSDUXP  hRXVekeeSiQg 

 geQe  WRNA  V\QWheWaVe  ZaV  keSW  aV  cRQWURl,  Zhich  VhRZed  aPSlificaWiRQ,  bXW  aW  Whe 

 30Wh  c\cle  Rf  TPCR  (FigXUe  10).  ThiV  VXggeVWV  WZR  SRVVibiliWieV,  RQe  WhaW  Whe  SaUaViWe 

 RNA  ZaV  YeU\  leVV  iQ  Whe  VaPSle,  RU  Whe  SaUaViWe-iQfecWed  RBCV  PighW  QRW  be  geWWiQg 

 aWWached WR Whe eQdRWhelial cellV. 

 FLJXUH 10.  RT-TPCR aQal\ViV; UaZ YalXe SlRWWed. The  UeSUeVeQWaWiYe caQdidaWeV 

 fURP VelecWed YaU VXb-gURXSV ZeUe QRW SUeVeQW iQ Whe IEV adheUed WR HBEC-5i 

 cellV. 

 3.6 PF3D7B0420900 PLJKW EH WKH LQWHUDFWLQJ SDUWQHU RI CD151 

 We  iQiWiall\  VWaUWed  Whe  VWXd\  ZiWh  WhUee  UeceSWRUV  WR  VWaQdaUdi]e  Whe  WUaQVfecWiRQ 

 SURWRcRl.  ThUee  Rf  Whe  QiQe  UeceSWRUV  VelecWed  fRU  Whe  iQWeUacWiRQ  VWXd\  ZeUe 

 WUaQVfecWed  iQWR  HEK293T  cellV.  TheVe  UeceSWRUV  iQclXded  CD36,  CD9,  aQd  CD151 

 (FigXUe 11). TheVe SlaVPidV cRQWaiQ Whe flXRUeVceQW Wag aQd heQce ZeUe SUiRUiWi]ed. 
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 FLJXUH 11.  (A) BUighW-field iPage Rf HEK293T WUaQVfecWed  cellV (B) ESiflXRUeVceQce 

 iPage fRU Whe e[SUeVViRQ Rf PCheUU\ Wagged CD36 SlaVPid iQ HEK293T (C) 

 ESiflXRUeVceQce iPage fRU Whe e[SUeVViRQ Rf PGFP Wagged CD9 SlaVPid iQ 

 HEK293T (D) ESiflXRUeVceQce iPage fRU Whe e[SUeVViRQ Rf PASSle Wagged CD151 

 SlaVPid iQ HEK293T 

 A  VWaWic  c\WRadheViRQ  aVVa\  ZaV  cRQdXcWed  XViQg  a  3D7  SaUaViWe  cXlWXUe.  The  RNA 

 VaPSle  geQeUaWed  ZaV  VXbjecWed  WR  Ueal-WiPe  TPCR.  We  checked  Whe  SUeVeQce  Rf 

 YaU  geQe  PF3D7_0420900.  The  hRXVekeeSiQg  geQe  Rf  P.  IDOFLSDUXP  ,  WRNA 

 V\QWheWaVe  (PfWRNA),  ZaV  XVed  aV  a  SRViWiYe  cRQWURl,  aQd  HXPaQ  GAPDH  ZaV  alVR 

 XVed  WR  check  Whe  cRQWaPiQaWiRQ  fURP  HEK293T  cellV.  We  RbVeUYed  WhaW  PfWRNA  ZaV 

 SUeVeQW  iQ  CD9  aQd  CD151  adheUed  VaPSleV  aQd  ZaV  QRW  SUeVeQW  iQ  Whe  cRQWURl  aQd 

 CD36  VaPSle  (FigXUe  11  (A)).  ThiV  iQdicaWeV  WhaW  Whe  SaUaViWeV  did  adheUe  WR  CD9 

 aQd  CD151.  The  YaU  geQe  PF3D7_0420900  VhRZed  Whe  SUeVeQce  iQ  Whe  CD151 

 VaPSle  (FigXUe  11(B)),  Zhich  VXggeVWV  WhaW  PF3D7_0420900  PighW  haYe  aQ  affiQiW\ 

 fRU  Whe  CD151  UeceSWRU.  IW  ZaV  QRWed  WhaW  all  Whe  VaPSleV  had  YeU\  high  hXPaQ  RNA 

 cRQWaPiQaWiRQ,  cRQfiUPed  b\  Whe  SUeVeQce  Rf  HXPaQ  GAPDH  iQ  Whe  VaPSleV  (FigXUe 

 11(C)). 
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 FLJXUH 12.  Real-WiPe TPCR aQal\ViV UaZ YalXeV SlRWWed  (A) CRPSaUiVRQ Rf HXPaQ 

 GAPDH aQd  P. IDOFLSDUXP  WRNA V\QWheWaVe SUeVeQW iQ  Whe IEV adheUed WR Whe 

 eQdRWhelial UeceSWRUV.  (B) PF3D7_0420900 SUeVeQW iQ Whe IEV adheUed WR Whe 

 eQdRWhelial UeceSWRUV 

 3.7 CF11 FHOOXORVH FROXPQ FDQ UHGXFH WKH HXPDQ RNA FRQWDPLQDWLRQ 

 AV  Ze  deWecWed  Whe  iQcUeaVed  iQWeUfeUeQce  iQ  hXPaQ  RNA,  Ze  ZeUe  lRRkiQg  fRU 

 PeWhRdV  WR  UedXce  WhiV  cRQWaPiQaWiRQ.  TheUefRUe  Ze  ePSlR\ed  Whe  filWUaWiRQ 

 WechQiTXe  XViQg  Whe  CF11  cellXlRVe  cRlXPQ  (FigXUe  13(A)).  We  checked  fRU  adeTXaWe 

 eQUichPeQW  Rf  SaUaViWe  RNA  afWeU  filWeUiQg  Whe  VaPSleV  XViQg  Whe  CF11  cellXlRVe 

 cRlXPQ.  We  SeUfRUPed  a  c\WRadheViRQ  aVVa\  ZiWh  CD36  WUaQVfecWed  HEK293T  cellV. 

 We  Vcaled  XS  RXU  cXlWXUeV  WR  RbWaiQ  PRUe  aPRXQW  Rf  RNA.  The  cRllecWed  VaPSleV 

 ZeUe  VSliW  iQWR  WZR  eTXal  YRlXPeV.  OQe  Rf  WheP  ZaV  VXbjecWed  WR  CF11  filWUaWiRQ,  aQd 

 Whe  RWheU  ZaV  keSW  XQdiVWXUbed.  AfWeU  filWUaWiRQ,  bRWh  VaPSleV  ZeUe  VXbjecWed  WR  RNA 

 iVRlaWiRQ  aQd  TXaQWificaWiRQ  XViQg  RT  TPCR.  The  SUiPeUV  fRU  HXPaQ  GAPDH  aQd  P. 

 IDOFLSDUXP  WRNA  V\QWheWaVe  ZeUe  XVed.  We  RbVeUYed  WhaW  Whe  CF11  filWUaWiRQ  caXVed 

 a deSleWiRQ Rf hXPaQ RNA b\ aSSUR[iPaWel\ 50 SeUceQW (FigXUe 13 (B), (C), (D)). 
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 FLJXUH 13.  (A) A Sacked cellXlRVe cRlXPQ aQd Whe VaPSle  SaddiQg WhURXgh iW 

 (VeQkaWeVaQ eW al., 2012). RT-TPCR aQal\ViV; UaZ YalXeV SlRWWed (B) EffecW Rf 

 cellXlRVe filWUaWiRQ RQ Whe RNA aPRXQW fURP HXPaQ GAPDH aQd  P. IDOFLSDUXP 

 WRNA V\QWheWaVe  (C) RedXcWiRQ iQ Whe aPRXQW Rf HXPaQ GAPDH RNA afWeU 

 cellXlRVe filWUaWiRQ (D) EQUichPeQW Rf  P. IDOFLSDUXP  WRNA V\QWheWaVe afWeU cellXlRVe 

 filWUaWiRQ 

 3.8 SDPSOH SUHSDUDWLRQ IRU RNA VHTXHQFLQJ 

 We  ZaQWed  WR  iQYeVWigaWe  Whe  W\Se  Rf  YaU  geQe  iQWeUacWiQg  VSecificall\  ZiWh  Whe  hXPaQ 

 eQdRWhelial  UeceSWRUV.  IQ  RUdeU  WR  SURceed  ZiWh  RXU  aVVXPSWiRQ,  Ze  haYe  SlaQQed  WR 

 SeUfRUP  aQ  RNA  VeTXeQciQg  Rf  Whe  IEV  adheUed  WR  eQdRWhelial  UeceSWRUV.  TR  begiQ 

 ZiWh  WhiV,  Ze  haYe  RbWaiQed  Whe  RNA  fURP  IEV  adheUed  WR  Whe  hXPaQ  eQdRWhelial 

 UeceSWRUV  CD9  aQd  CD151  RYeUe[SUeVVed  iQ  HEK293T  cellV.  The  e[SUeVViRQ  Rf  Whe 

 YaU  geQe  iQ  WheVe  VaPSleV  ZRXld  be  cRPSaUed  ZiWh  Whe  RNA  RbWaiQed  fURP  IEV 

 adheUed  WR  QRUPal  HEK293T  cellV  aQd  HBEC-5i  cellV.  We  aUe  e[SecWiQg  Whe 

 XSUegXlaWiRQ  Rf  a  SaUWicXlaU  YaU  geQe  iQ  Whe  VaPSleV  ZiWh  RYeUe[SUeVVed  cell  liQeV. 

 The RNA haV beeQ RbWaiQed, aQd VeTXeQciQg iV iQ SURgUeVV. 
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 CKDSWHU 4: DLVFXVVLRQ 

 DeVSiWe  PRUe  WhaQ  a  ceQWXU\  ViQce  iWV  diVcRYeU\,  PalaUia  UePaiQV  a  SeUViVWaQW  caXVe 

 Rf  leWhaliW\  glRball\.  UQfRUWXQaWel\,  Ze  haYe  \eW  WR  fiQd  a  SeUPaQeQW  cXUe  RU 

 VXcceVVfXll\  eUadicaWe  Whe  diVeaVe.  AccRUdiQg  WR  Whe  WRUld  HealWh  OUgaQi]aWiRQ 

 (WHO),  iW  ZaV  WhRXghW  WhaW  aSSUR[iPaWel\  50%  Rf  Whe  glRbal  SRSXlaWiRQ  ZaV 

 VXVceSWible  WR  PalaUia  iQ  2021.  The  caXVaWiYe  ageQW  P.  IDOFLSDUXP  haV  Whe  abiliW\  WR 

 cRQVWaQWl\  eYRlYe  aQd  adaSW  WR  YaUiRXV  Sh\ViRlRgical  VWUeVVeV  SUeVeQW  iQ  Whe  hXPaQ 

 bRd\  (HaPPaP  eW  al.,  2021).  IW  haV  deYelRSed  VWUaWegieV  WR  eYade  iPPXQe 

 UecRgQiWiRQ  aQd  diVUXSWiRQ  (BelacheZ  eW  al.,  2018).  TheUefRUe  iW  iV  becRPiQg 

 WURXbleVRPe  WR  cRSe  ZiWh  WhiV  SecXliaU  RUgaQiVP.  IQ  lighW  Rf  Whe  VigQificaQW  iPSacW 

 PalaUia  haV  had  iQ  UeceQW  \eaUV,  iW  haV  becRPe  iPSeUaWiYe  WR  XQdeUWake  a  WhRURXgh 

 iQYeVWigaWiRQ  iQWR  Whe  fXQdaPeQWal  caXVeV  Rf  SaUaViWe  YiUXleQce  iQ  RUdeU  WR  deYelRS 

 effecWiYe WUeaWPeQW VWUaWegieV. 

 P.  IDOFLSDUXP  ,  dXUiQg  Whe  iQWUa-eU\WhURc\Wic  c\cle,  UePRdelV  Whe  RBC  VXUface  b\ 

 WUaQVSRUWiQg  a  UeSeUWRiUe  Rf  adheViYe  SURWeiQV  (MR[RQ  eW  al.,  2011).  TheVe  SURWeiQV 

 haYe  aQ  affiQiW\  fRU  Whe  diYeUVe  eQdRWhelial  UeceSWRUV  Rf  hXPaQV.  IW  helSV  Whe  SaUaViWe 

 WR  adheUe  aQd  VeTXeVWeU  iQ  deeS  PicURYaVcXlaWXUe.  ASaUW  fURP  adheViYe  SheQRW\SeV, 

 WheVe  SURWeiQV  haYe  Whe  caSabiliW\  WR  PRdXlaWe  iQflaPPaWRU\  UeVSRQVeV  aQd 

 eQdRWhelial  acWiYaWiRQ  (SaPSaiR  eW  al.,  2017).  C\WRadheViRQ  SURWecWV  Whe  SaUaViWe 

 fURP  iPPXQe  UecRgQiWiRQ  aQd  iV  Whe  SUiPaU\  caXVe  Rf  iWV  SeUViVWeQW  VXUYiYal  iQ  Whe 

 hXPaQ  bRd\(MilleU  aW  al  2002).  The  hRVW-SaUaViWe  iQWeUacWiRQ  iQYRlYeV  WZR  SUiPe 

 Sla\eUV,  Whe  PfEMP1  ligaQd  aQd  Whe  eQdRWhelial  UeceSWRU.  The  SaUaViWe  SURdXceV  a 

 diYeUVe  UeSeUWRiUe  Rf  PfEMP1  SURWeiQV  WR  iQWeUacW  ZiWh  diffeUeQW  eQdRWhelial  UeceSWRUV. 

 TheVe  iQWeUacWiRQV  aUe  VSecific,  aQd  Whe  VSecificiW\  aUiVeV  fURP  Whe  clRQal  aQWigeQic 

 YaUiaWiRQ  e[hibiWed  b\  Whe  YaU  geQe  faPil\,  Zhich  eQcRdeV  fRU  PfEMP1  SURWeiQV  iQ  Whe 

 SaUaViWe. 

 C\WRadheViRQ  leadV  WR  PXlWiSle  cliQical  PaQifeVWaWiRQV,  iQclXdiQg  VeYeUe  fRUPV  Rf 

 PalaUia,  VXch  aV  ceUebUal  PalaUia  aQd  SlaceQWal  PalaUia.  IW  haV  beeQ  RbVeUYed  WhaW 

 VSecific  PFEMP1  SURWeiQV  haYe  beeQ  aVVRciaWed  ZiWh  WheVe  WZR  leWhal  caXVeV  Rf 

 PalaUia.  SeTXeVWUaWiRQ  Rf  SaUaViWeV  caXVeV  PalfXQcWiRQiQg  aQd  PXlWiSle  RUgaQ 

 cRPSlicaWiRQV  iQ  VeYeUe  PalaUia.  KidQe\  failXUeV,  AcXWe  ReVSiUaWRU\  DiVWUeVV 

 S\QdURPe  aUe  cRPPRQ  illQeVVeV  iQ  VeYeUe  PalaUia,  WhRXgh  Ze  haYe  liWWle  kQRZledge 

 Rf  SaUaViWe  WiVVXe  WURSiVP.  The  VSecificiW\  Rf  PfEMP1  SURWeiQV  fRU  eQdRWhelial 
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 UeceSWRUV  haV  beeQ  fRXQd  iQ  VRPe  caVeV,  bXW  a  lRQg  hXQW  iV  VWill  aZaiWiQg.  TheUe  aUe 

 SieceV  Rf  eYideQce  Rf  SaUaViWe  VeTXeVWUaWiRQ  iQVide  Whe  SRVW-caSillaU\  YeQXleV  Rf 

 PXlWiSle  RUgaQV,  bXW  Whe  iQWeUacWiRQV  aUe  SRRUl\  XQdeUVWRRd.  HeUe  Ze  haYe  lRRked 

 PRUe  cRPSUeheQViYel\  aW  WheVe  iQWeUacWiRQV  aQd  aUe  WU\iQg  WR  chaUacWeUi]e  WheP  aV 

 Zell.  The  VWXd\  haV  fRcXVed  RQ  Whe  eQdRWhelial  UeceSWRUV  cRQceUQed  ZiWh  Whe  P. 

 IDOFLSDUXP  IE  c\WRadheViRQ  SheQRW\SeV  aQd  WUied  WR  XQdeUVWaQd  Zhich  PfEMP1 

 SURWeiQ iQWeUacWV ZiWh WheP. 

 TiVVXe  WURSiVP  iV  Whe  abiliW\  Rf  a  SaWhRgeQ  WR  affecW  a  SaUWicXlaU  RUgaQ.  MXlWiSle 

 SaWhRgeQV  haYe  beeQ  ideQWified  ZiWh  WhiV  VWUaWeg\  WR  iQfecW  Whe  hRVW  (PeUeiUa  eW  al., 

 2019).  TheUe  iV  ePeUgiQg  eYideQce  WhaW  WiVVXe  WURSiVP  alVR  e[hibiWV  iQ  P.  IDOFLSDUXP 

 PalaUia.  The  VeTXeVWUaWiRQ  Rf  P.  IDOFLSDUXP  iQ  VSecific  RUgaQV  dXe  WR  Whe  SUeVeQce  Rf 

 a  hXge  UeSeUWRiUe  Rf  PfEMP1  SURWeiQV  PakeV  iW  XQiTXe.  The  chaUacWeUi]aWiRQ  Rf  WheVe 

 iQWeUacWiRQV  ZRXld  UeYeal  Whe  iQWeUacWiQg  SaUWQeUV  aW  YaVcXlaU  eQdRWhelia  aQd  ZRXld 

 VeUYe aV aQ iPSRUWaQW ViWe WR WaUgeW fRU WheUaSeXWicV. 

 The  iQ  YiWUR  VWaWic  adheViRQ  aVVa\V  ZiWh  Whe  SUiPaU\  HBEC-5i  cell  liQe  UeYealed  WhaW 

 Whe  iQfecWed  RBCV  VhRZ  aQ  affiQiW\  fRU  ICAM-1  UeceSWRU  iQ  labRUaWRU\  cRQdiWiRQV. 

 CRQVideUiQg  WhiV  aV  a  SURRf  Rf  cRQceSW,  Ze  begaQ  RXU  hXQW  WR  XQleaVh  Whe  PfEMP1 

 iQWeUacWiRQV  ZiWh  RWheU  eQdRWhelial  UeceSWRUV.  A  cRPSUeheQViYe  liWeUaWXUe  VXUYe\ 

 SURYided  XV  ZiWh  Whe  kQRZQ  PfEMP1  UeceSWRUV  aQd  WheiU  lRcaWiRQ  ZheUe  Whe\  aUe 

 SUedRPiQaQWl\  e[SUeVVed  iQ  Whe  hXPaQ  hRVW.  TR  claUif\  Whe  iQWeUacWiRQ  VSecificiW\,  all 

 Whe  eQdRWhelial  UeceSWRUV,  iQclXdiQg  ICAM-1,  ZeUe  RYeUe[SUeVVed  iQ  HEK293T,  aQ 

 iPPRUWal  cell  liQe.  The  Ueal-WiPe  TPCR  UeacWiRQV  ZiWh  Whe  RYeUe[SUeVViRQ  liQe  Rf 

 CD151  UeYealed  WhaW  Whe  IEV  adheUed  had  Whe  e[SUeVViRQ  Rf  PF3D7_0420900,  a 

 geQe  fURP  Whe  YaUB  VXbgURXS.  ThiV  VXggeVWV  WhaW  PF3D7_0420900  cRXld  be  Whe 

 iQWeUacWiQg  SaUWQeU  Rf  Whe  CD151  UeceSWRU.  BXW  cRPPeQWiQg  RQ  WhiV  iQWeUacWiRQ  aW  WhiV 

 eaUl\ VWage ZRXld QRW be feaVible, aQd fXUWheU YalidaWiRQ iV UeTXiUed. 

 IW  ZaV  RbVeUYed  WhaW  dXUiQg  Whe  cRllecWiRQ  Rf  adheUed  IEV,  Whe  HEK293T  cellV  ZeUe 

 alVR  geWWiQg  deWached  alRQg  ZiWh  Whe  IEV  fURP  Whe  cell  SlaWe.  ThiV  ZaV  alVR  UeflecWed 

 iQ  Whe  TPCR  UeacWiRQV.  The  WRWal  RNA  iVRlaWed  fURP  Whe  adheUed  IEV  cRPSUiVed  PRUe 

 WhaQ  90  SeUceQW  Rf  hXPaQ  RNA.  TR  WURXbleVhRRW  WhiV,  Ze  lRRked  fRU  PeWhRdV  WR 

 VeSaUaWe  Whe  hXPaQ  RNA  fURP  Whe  SaUaViWe  RNA  SUeVeQW  iQ  Whe  IEV.  We  XVed  a  CF11 

 cellXlRVe  filWUaWiRQ  WechQiTXe  Zhich  haV  beeQ  XVed  eaUlieU  WR  VeSaUaWe  RWheU  blRRd 

 cRPSRQeQWV,  eVSeciall\  Whe  leXkRc\WeV,  fURP  Whe  RBCV  iQ  cliQical  SaWieQW 

 VaPSleV(VeQkaWeVaQ  eW  al  2012).  The  filWUaWiRQ  RccXUV  XViQg  a  cellXlRVe  cRlXPQ  ZiWh 

 3ϳ 



 Vi]e-e[clXViRQ  chURPaWRgUaSh\  aW  Whe  cellXlaU  leYel.  The  CF11  filWUaWiRQ  UeVXlWed  iQ 

 UedXciQg hXPaQ RNA cRQWaPiQaWiRQ b\ alPRVW 50 SeUceQW. 

 The  Ueal-WiPe  TPCR  UeacWiRQV  ZeUe  dRQe  aV  WUialV  WR  YalidaWe  Whe  cRQceSW  aQd  haYe 

 aQ  idea  Rf  Whe  RNA  aPRXQW  SUeVeQW  iQ  Whe  cRllecWed  VaPSle.  We  aiP  WR  SeUfRUP  aQ 

 RNA  VeTXeQciQg  ZiWh  Whe  RNA  iVRlaWed  fURP  Whe  IEV  adheUed  WR  all  Whe  eQdRWhelial 

 UeceSWRUV.  IQ  WhiV  UegaUd,  Ze  haYe  iQiWiaWed  ZiWh  WZR  Zell-kQRZQ  UeceSWRUV;  CD9  aQd 

 CD151.  The  RNA  VeTXeQciQg  iV  iQ  SURgUeVV.  ThiV  ZRXld  giYe  XV  a  cleaU  SicWXUe  Rf  Whe 

 iQWeUacWiRQV  Rf  PfEMP1  aQd  eQdRWhelial  UeceSWRUV  WhaW  Ze  aUe  iQWeUeVWed  iQ.  We 

 e[SecW  Whe  XSUegXlaWiRQ  Rf  a  SaUWicXlaU  YaU  geQe  ZiWh  Whe  eQdRWhelial  UeceSWRU  Rf  iWV 

 affiQiW\.  We  ZRXld  alVR  be  lRRkiQg  fRU  Whe  UeadV  iQ  RNA  VeTXeQciQg  WhaW  aUe  PaSSed 

 WR  all  Whe  VXUface  SURWeiQV  WhaW  aUe  cRQVideUed  WR  be  WUaQVSRUWed  aW  Whe  IE  VXUface 

 alRQg  ZiWh  Whe  PfEMP1  faPil\.  The  RNA  VeTXeQciQg  Rf  Whe  IEV  adheUed  WR  YaUiRXV 

 eQdRWhelial  UeceSWRUV  iV  aW  Whe  cRUe  Rf  WhiV  SURjecW  aQd  iV  VWill  iQ  Whe  SURceVV  Rf  beiQg 

 geW dRQe. 

 ThiV  VWXd\  ZRXld  helS  XV  XQdeUVWaQd  Whe  WiVVXe  VSecific  VeTXeVWUaWiRQ  SaWWeUQ  Rf  Whe 

 deadlieVW  PalaUia  SaUaViWe  P.  IDOFLSDUXP.  TheVe  PRlecXlaU  iQVighWV  Zill  SURYide  XV  Whe 

 iQfRUPaWiRQ  Rf  SaUWicXlaU  YaU  geQeV  aVVRciaWed  ZiWh  VSecific  hXPaQ  eQdRWhelial 

 UeceSWRUV.  IW  ZRXld  gaYe  XV  Whe  idea  Rf  WiVVXe  WURSiVP  iQ  P.  IDOFLSDUXP  PalaUia  aQd 

 RSeQ Whe aYeQXe fRU fXUWheU UeVeaUch. 

 3ϴ 
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