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gaVWURiQWeVWiQaO WR[iciW\.
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INTRODUCTION
Mechanisms of action and adYerse effects of thiopXrine
ThiRSXUiQeV, VXch aV PeUcaSWRSXUiQe (MP) aQd iWV SURdUXg a]aWhiRSUiQe (AZA), aUe 
iPPXQRPRdXOaWRU\ dUXgV XVed iQ Whe WUeaWPeQW Rf SediaWUic acXWe O\PShRbOaVWic 
OeXNePia (ALL) aQd QRQPaOigQaQW cRQdiWiRQV, VXch aV iQfOaPPaWRU\ bRZeO diVeaVeV 
(IBDV)[1,2]. TheVe iPPXQRPRdXOaWRUV XQdeUgR a cRPSOe[ biRWUaQVfRUPaWiRQ WhaW 
OeadV WR Whe SURdXcWiRQ Rf diffeUeQW WhiRQXcOeRWideV (TGNV), VXch aV WhiRgXaQRViQe 
PRQR-, di-, aQd WUiShRVShaWe (WGMP, WGDP, aQd WGTP) aQd deR[\WhiRgXaQRViQe 
PRQR-, di-, aQd WUiShRVShaWe (WdGMP, WdGDP, aQd WdGTP) (FigXUe 1). TheVe SXUiQe 
aQWiPeWabROiWeV e[eUW WheiU c\WRWR[ic acWiYiW\ WhURXgh diffeUeQW PechaQiVPV, VXch aV 
iQhibiWiRQ Rf de noYo SXUiQe V\QWheViV, iQWeUfeUeQce ZiWh Whe iQcRUSRUaWiRQ Rf gXaQRViQe 
QXcOeRWideV iQWR DNA aQd RNA, aQd iQdXcWiRQ Rf aSRSWRViV dXe WR iQhibiWiRQ Rf Whe 
RaV-UeOaWed C3 bRWXOiQXP WR[iQ VXbVWUaWe 1 (Rac-1) SURWeiQ, a RhR-GTPaVe[3]. UQdeU 
Sh\ViRORgicaO cRQdiWiRQV, Rac-1-GTP acWiYaWeV Whe MEKK/IǋB/NF-ǋB aQd STAT3 
VXUYiYaO SaWhZa\V iQ acWiYaWed O\PShRc\WeV, UeVXOWiQg iQ aQ iQcUeaVe iQ Whe aQWiaS-
RSWRWic SURWeiQ BcO-[L, ZheUeaV dXUiQg WhiRSXUiQe WUeaWPeQW, Whe biQdiQg Rf WGTP WR 
Rac-1 iPSaiUV WheVe SaWhZa\V, eQhaQciQg aSRSWRViV[3]. ThiRSXUiQeV aUe aOVR SURceVVed 
WhURXgh caWabROic SaWhZa\V, iQ Zhich [aQWhiQe R[idaVe aQd WhiRSXUiQe PeWh\OWUaQV-
feUaVe (TPMT) aUe Whe PaiQ eQ]\PeV iQYROYed, SURdXciQg iQacWiYe PeWabROiWeV VXch aV 
WhiRXUic acid aQd PeWh\OPeUcaSWRSXUiQe, UeVSecWiYeO\. TPMT aOVR caWaO\]eV Whe S-
PeWh\OaWiRQ Rf iQWeUPediaWeV UeVXOWiQg fURP MP cRQYeUViRQ WR TGN, OeadiQg WR Whe 
SURdXcWiRQ Rf VecRQdaU\ PeWh\OaWed QXcOeRWideV (MMPNV) (FigXUe 1). The UROe Rf 
MMPN PeWabROiWeV iV QRW fXOO\ chaUacWeUi]ed; hRZeYeU, Whe\ cRXOd cRQWUibXWe WR Whe 
iQhibiWiRQ Rf de noYo SXUiQe V\QWheViV. FacWRUV affecWiQg Whe TGN/MMPN UaWiR cRXOd 
iQfOXeQce WhiRSXUiQe efficac\ aQd WR[iciW\. FRU e[aPSOe, Whe aPRXQW Rf TGN iQ ZhiWe 
bORRd ceOOV iV UeVSRQVibOe fRU Whe iPPXQRVXSSUeVViYe effecWV; ZheQ TPMT acWiYiW\ iV 
cRPSURPiVed, TGN OeYeOV iQcUeaVe, OeadiQg WR daQgeURXV P\eORVXSSUeVViRQ[3].

ThiRSXUiQeV haYe a QaUURZ WheUaSeXWic iQde[, ZiWh aQ iQcUeaVed UiVN Rf VeYeUe 
WR[iciW\ aQd WUeaWPeQW diVcRQWiQXaWiRQ[4]. DiUecW c\WRWR[ic daPage caQ RccXU iQ SUROif-
eUaWiQg ceOOV Rf diffeUeQW WiVVXeV aQd RUgaQV. IQ SaUWicXOaU, WhiRSXUiQeV haYe beeQ 
aVVRciaWed ZiWh Whe dRVe-deSeQdeQW hePaWRORgicaO WR[iciW\ RbVeUYed iQ aSSUR[iPaWeO\ 
80% Rf ALL caVeV; iQ IBD SaWieQWV, Whe iQcideQce Rf bRQe PaUURZ WR[iciW\ iV ORZeU 
(aSSUR[iPaWeO\ 10%)[5,6].  NeXWURSeQia aQd OeXNRSeQia aUe Whe PRVW fUeTXeQW 
RXWcRPeV Rf P\eORVXSSUeVViRQ, UeOaWed WR aQ iQcUeaVed UiVN Rf iQfecWiRQ, aQd Whe PaiQ 
UeaVRQV fRU WheUaS\ diVcRQWiQXaWiRQ RU iQWeUUXSWiRQ WhaW caQ Oead WR diVeaVe 
aggUaYaWiRQ iQ bRWh ALL aQd IBD[7-9]. ThiRSXUiQe-iQdXced gaVWURiQWeVWiQaO (GI) 
WR[iciW\ RccXUV iQ aSSUR[iPaWeO\ 5%-20% Rf ALL aQd IBD SaWieQWV; Whe PaiQ V\PSWRPV 
aUe QaXVea, YRPiWiQg, VWRPaWiWiV, abdRPiQaO SaiQ RU cUaPSiQg, gaVWUiWiV, gaVWUic XOceU, 
GI bOeediQg, aQd diaUUhea[10,11]. MRUeRYeU, WheVe iPPXQRVXSSUeVVRUV aUe aVVRciaWed 
ZiWh Whe UiVN Rf QeXURORgicaO cRPSOicaWiRQV, heSaWRWR[iciW\, SaQcUeaWiWiV, aUWhUaOgia, aQd 
VNiQ UXVh[10,12-16].

IQ Whe cOiQic, ZhiWe bORRd ceOO cRXQWiQg iV cRPPRQO\ SeUfRUPed WR PRQiWRU Whe 
iPPXQRVXSSUeVViYe effecWV Rf WheVe dUXgV; hRZeYeU, UeceQWO\, ShaUPacRgeQeWic 
biRPaUNeUV fRU SUedicWiQg WhiRSXUiQe-iQdXced hePaWRORgicaO adYeUVe eYeQWV haYe beeQ 
ideQWified. FURP a ShaUPacRgeQeWic SRiQW Rf YieZ, TPMT iV RQe Rf Whe beVW chaUac-
WeUi]ed geQeV[17]. BRWh TPMT SURWeiQ e[SUeVViRQ aQd eQ]\PaWic acWiYiW\ aUe affecWed 
b\ Whe SUeVeQce Rf YaUiaQWV iQ Whe TPMT geQe. MRUe WhaQ 44 TPMT YaUiaQW aOOeOeV haYe 
beeQ deVcUibed; TPMT*2 (UV1800462, 238G>C, SAOa80PUR), TPMT *3B (UV1800460, 
460G>A, S. AOa154ThU), TPMT*3C (UV1142345, 719A>G, S. T\U240C\V), aQd TPMT*3A 
(UV1800460 aQd UV1142345 haSORW\SeV) aUe Whe PRVW fUeTXeQW YaUiaQWV iQ EXURSeaQV aQd 
caQ e[SOaiQ XS WR 95% Rf TPMT deficieQcieV[18-20]. AV UeSRUWed abRYe, decUeaVed 
TPMT acWiYiW\ OeadV WR higheU TGN OeYeOV aQd ORZeU MMPN iQ ZhiWe bORRd ceOOV; WheVe 
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FLJXUH 1 TKLRSXULQH PHWDEROLF SDWKZD\ DQG SRVVLEOH ELRPDUNHUV IRU GUXJ-UHODWHG WR[LFLW\. DaVKed aUURZV LQdLcaWe WKe LPSacW Rf PACSIN2 RQ 
TPMT acWLYLW\ aQd WKe LQWeUacWLRQ beWZeeQ PACSIN2 aQd Rac-1. AZA: A]aWKLRSULQe; ITPA: IQRVLQe WULSKRVSKaWe S\URSKRVSKaWaVe; IMPDH: IQRVLQe-5ƍ-PRQRSKRVSKaWe 
deK\dURgeQaVe; GMPS: GMP V\QWKaVe; GST: GOXWaWKLRQe-S-WUaQVfeUaVe; Me-TIMP: MeWK\O-WKLRLQRVLQe PRQRSKRVSKaWe; Me-TITP: MeWK\O-WKLRLQRVLQeWULSKRVSKaWe; 
MP: MeUcaSWRSXULQe; MMP: MeWK\O-PeUcaSWRSXULQe; NUDT15: NXdL[ K\dUROaVe 15; PACSIN2: PURWeLQ NLQaVe C aQd caVeLQ NLQaVe VXbVWUaWe LQ QeXURQV SURWeLQ 2; 
TGDP: TKLRgXaQLQe dLSKRVSKaWe; TGMP: TKLRgXaQLQe PRQRSKRVSKaWe; TGTP: TKLRgXaQLQe WULSKRVSKaWe; TIMP: TKLRLQRVLQe PRQRSKRVSKaWe; TITP: TKLRLQRVLQe 
WULSKRVSKaWe; TNG: 6-TKLRgXaQLQe QXcOeRWLde; TPMT: TKLRSXULQe S-PeWK\OWUaQVfeUaVe; TXMP: TKLR[aQWKLQe PRQRSKRVSKaWe; 6-TU acLd: TKLRXULc acLd; XO: XaQWKLQe 
R[LdaVe.

YaUiaQWV aUe iQdeed aVVRciaWed ZiWh a higheU UiVN Rf P\eORVXSSUeVViRQ[21]. VaUiabOe 
QXPbeU WaQdeP UeSeaWV (VNTRV) iQ Whe TPMT SURPRWeU aUe aVVRciaWed ZiWh UedXced 
TPMT e[SUeVViRQ OeYeOV aQd a higheU UiVN Rf MP hePaWRORgicaO WR[iciW\[22]. 
FXUWheUPRUe, geQeWic YaUiaQWV iQ QXdi[ h\dUROaVe 15 (NUDT15) haYe beeQ ideQWified aV 
addiWiRQaO ShaUPacRgeQeWic PaUNeUV fRU Whe SUedicWiRQ Rf WhiRSXUiQe-iQdXced 
WR[iciWieV, eVSeciaOO\ iQ AViaQ iQdiYidXaOV. NUDT15 UePRYeV a S\URShRVShaWe gURXS 
b\ caQRQicaO GTP aQd dUXg-deUiYed WGTP acWiYe PeWabROiWeV. The PRVW VWXdied 
NUDT15 YaUiaQWV aUe UV116855232 (c.415C> T, S. AUg139C\V), UV147390019 (G>A, S. 
AUg139HiV), UV186364861 (G>A, S. VaO18IOe), aQd UV746071566 (36_37iQVGGAGTC 
iQVeUWiRQ, S.VaO18_VaO19iQVGO\VaO). VaUiaQW aOOeOeV eQcRde NUDT15 ZiWh 
cRPSURPiVed acWiYiW\, OeadiQg WR a higheU WGTP/WGMP UaWiR aQd iQcRUSRUaWiRQ Rf TGN 
iQWR DNA[23,24]. IQdeed, WheVe YaUiaQWV haYe beeQ aVVRciaWed ZiWh MP aQd AZA 
iQWROeUaQce[23,25]. OQ WheVe baVeV, diffeUeQW gXideOiQeV fRU WhiRSXUiQe dRVe adjXVWPeQW 
baVed RQ TPMT aQd NUDT15 geQRW\SeV haYe beeQ UeOeaVed WR UedXce Whe RccXUUeQce 
Rf dUXg-UeOaWed Vide effecWV[26].

IQ addiWiRQ WR ShaUPacRgeQeWic PaUNeUV, TGN OeYeOV cRXOd be PRQiWRUed iQ 
eU\WhURc\WeV WR aYRid VeYeUe P\eORVXSSUeVViRQ dXUiQg WheUaS\. IQ SaUWicXOaU, TGN 
OeYeOV higheU WhaQ 450 SPRO/8 ð 108 Ued bORRd ceOOV (RBCV) aQd higheU WhaQ 1000 
SPRO/8 ð 108 RBCV haYe beeQ VhRZQ WR be aVVRciaWed ZiWh P\eORWR[iciW\ iQ IBD aQd 
ALL SaWieQWV, UeVSecWiYeO\, ZhiOe OeYeOV Rf MMPN abRYe 5700 SPRO/8 ð 108 RBCV haYe 
beeQ VhRZQ WR be UeOaWed WR a higheU heSaWRWR[iciW\ UiVN iQ IBD SaWieQWV[27,28].

BIOMARKERS FOR THIOPURINE-INDUCED GASTROINTESTINAL AD-
VERSE EVENTS
AOWhRXgh geQRPe-Zide aVVRciaWiRQ VWXdieV (GWAS) haYe iQdicaWed WhaW TPMT acWiYiW\ 
iV SUedRPiQaQWO\ a PRQRgeQic WUaiW[29], a SeUceQWage Rf ZiOd-W\Se TPMT caUUieUV 
SUeVeQW UedXced TPMT acWiYiW\, VXggeVWiQg Whe e[iVWeQce Rf RWheU UegXOaWRU\ 
PechaQiVPV abOe WR PRdXOaWe iWV fXQcWiRQ[30,31]. IQ 2012, SWRccR eW al[32] dePRQVWUaWed 
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WhaW Whe e[SUeVViRQ OeYeOV aQd Whe ViQgOe QXcOeRWide SRO\PRUShiVP (SNP) UV2413739 Rf 
Whe SURWeiQ NiQaVe C aQd caVeiQ NiQaVe VXbVWUaWe iQ QeXURQV 2 (PACSIN2) geQe ZeUe 
aVVRciaWed ZiWh TPMT acWiYiW\ iQ HaSMaS ceOO OiQeV aQd iQ a cRhRUW Rf ALL SediaWUic 
SaWieQWV eQUROOed aW SW. JXde ReVeaUch ChiOdUeQ HRVSiWaO (SJRCH, MePShiV, UQiWed 
SWaWeV), VXggeVWiQg a SRVVibOe UROe Rf PACSIN2 aV a TPMT PRdXOaWRU[32]. The aXWhRUV 
fRXQd WhaW Whe iQWURQic YaUiaQW UV2413739 (C>T) ZaV aVVRciaWed ZiWh aQ iQcUeaVed UiVN 
Rf VeYeUe GI WR[iciW\ dXUiQg cRQVROidaWiRQ WheUaS\ iQ WZR iQdeSeQdeQW cRhRUWV Rf ALL 
SediaWUic SaWieQWV WUeaWed accRUdiQg WR Whe SJRCH TRWaO 13B SURWRcRO aQd WR Whe 
AVVRcia]iRQe IWaOiaQa EPaWRORgia OQcRORgia PediaWUica/BeUOiQ-FUaQNfXUW-M�QVWeU 
(AIEOP-BFM) 2000 SURWRcRO[32]. PaWieQWV UeceiYed 75 Pg/P2 MP daiO\ aQd 2 g/P2 
high-dRVe PeWhRWUe[aWe (HD-MTX) i.Y. WZice a ZeeN fRU 2 ZN aW SJRCH, ZheUeaV WhRVe 
XQdeUgRiQg Whe AIEOP-BFM 2000 SURWRcRO ZeUe WUeaWed daiO\ ZiWh 25 Pg/P2 MP aQd 
UeceiYed fRXU HD-MTX (2-5 g/P2) iQfXViRQV RQce eYeU\ 2 ZN. TR fXUWheU YaOidaWe WheVe 
UeVXOWV, FUaQca eW al[33] iQYeVWigaWed Whe SRVVibOe UROe Rf PACSIN2 UV2413739 iQ aQ 
addiWiRQaO cRhRUW Rf ALL SediaWUic SaWieQWV WUeaWed accRUdiQg WR Whe AIEOP-BFM 2009 
SURWRcRO, ZiWh Whe VaPe cRQVROidaWiRQ ShaVe aV AIEOP-BFM ALL 2000, aQd iQ a cRhRUW 
Rf IBD SediaWUic SaWieQWV XQdeUgRiQg AZA WheUaS\. IQ Whe ALL cRhRUW, Whe PACSIN2 T 
aOOeOe ZaV aVVRciaWed ZiWh decUeaVed TPMT acWiYiW\ dXUiQg PaiQWeQaQce WheUaS\, 
SaUWicXOaUO\ iQ SaWieQWV heWeUR]\gRXV fRU TPMT UV1142345 aQd UV1800460. MRUeRYeU, 
Whe PACSIN2 TT geQRW\Se ZaV aVVRciaWed ZiWh a higheU UiVN Rf GI WR[iciW\ dXUiQg Whe 
cRQVROidaWiRQ ShaVe. The OaWWeU aVVRciaWiRQ ZaV bRUdeUOiQe, OiNeO\ becaXVe Rf Whe OiPiWed 
QXPbeU Rf cOiQicaO daWa aYaiOabOe (n = 81); hRZeYeU, iW ZaV iQ OiQe ZiWh Whe fiQdiQgV Rf 
SWRccR eW al[32]. FaU PRUe cRPSOe[ WR XQdeUVWaQd iV WhiRSXUiQe-iQdXced GI WR[iciWieV iQ 
IBD SaWieQWV, ZheUe Whe RccXUUeQce Rf adYeUVe effecWV caQ RYeUOaS ZiWh cOiQicaO 
PaQifeVWaWiRQV Rf Whe diVeaVe. IQWeUeVWiQgO\, FUaQca eW al[33] VhRZed WhaW IBD SaWieQWV 
caUU\iQg Whe PACSIN2 T aOOeOe aQd XQdeUgRiQg AZA WUeaWPeQW SUeVeQWed a PRUe acWiYe 
diVeaVe, PeaVXUed aV SediaWUic XOceUaWiYe cROiWiV acWiYiW\/SediaWUic CURhQ'V diVeaVe 
acWiYiW\ (PUCAI/PCDAI) iQdiceV > 10, accRUdiQg WR VWaQdaUd cOiQicaO SUacWice. NR 
aVVRciaWiRQ beWZeeQ Whe UV2413739 YaUiaQW aQd eiWheU TPMT acWiYiW\ RU TGN/MMPN 
OeYeOV ZaV fRXQd, VXggeVWiQg a WhiRSXUiQe-iQdeSeQdeQW effecW RQ Whe cOiQicaO SheQRW\Se
[33]. EQ]\PaWic acWiYiW\ ZaV VigQificaQWO\ higheU iQ Whe ALL SaWieQWV WhaQ iQ Whe IBD 
SaWieQWV[33]. The diffeUeQW iPSacW Rf PACSIN2 SNP UV2413739 RQ TPMT acWiYiW\ cRXOd 
be SaUWiaOO\ e[SOaiQed b\ SaWieQW age: The ALL cRhRUW cRPSUiVed chiOdUeQ XQdeU 10 
\eaUV, ZhiOe Whe IBD SaWieQWV ZeUe PaiQO\ WeeQageUV. The aXWhRUV h\SRWheVi]ed WhaW 
Whe PACSIN2 geQeWic iPSacW RQ TPMT acWiYiW\ cRXOd be PRUe eYideQW iQ \RXQgeU 
SaWieQWV, ZhR VeePed WR haYe iQcUeaVed TPMT acWiYiW\[34,35]. MRUeRYeU, cRQcRPiWaQW 
WUeaWPeQW ZiWh MTX iQ Whe ALL cRhRUW cRXOd cRQWUibXWe WR diVcUeSaQcieV iQ Whe UeVXOWV; 
MTX cRXOd iPSacW S-adeQRV\O PeWhiRQiQe OeYeOV, a TPMT cRfacWRU UeVSRQVibOe fRU Whe 
VWabiOiW\ Rf Whe SURWeiQ[36]. SiQce FUaQca eW al[33] did QRW deWecW VigQificaQW chaQgeV iQ 
TGN OeYeOV iQ PACSIN2 T aOOeOe caUUieUV, Whe\ h\SRWheVi]ed a WhiRSXUiQe-iQdeSeQdeQW 
effecW Rf PACSIN2 RQ GI WR[iciW\ aQd a WiVVXe-VSecific UROe Rf PACSIN2 iQ Whe iQWeVWiQe. 
NRWabO\, Whe GeQRW\Se-TiVVXe E[SUeVViRQ PRUWaO (GTE[) VhRZV WhaW PACSIN2 aQd 
TPMT e[SUeVViRQ OeYeOV aUe iQcUeaVed iQ bORRd aQd iQ Whe eVRShageaO PXcRVa Rf 
heaOWh\ PACSIN2 UV2413739 T aOOeOe caUUieUV bXW QRW iQ Whe VPaOO iQWeVWiQe aQd cRORQ Rf 
WheVe VXbjecWV, VXSSRUWiQg Whe idea WhaW Whe eQhaQced GI WR[iciW\ RbVeUYed iQ TT 
SaWieQWV iV QRW UeOaWed WR diffeUeQWiaO e[SUeVViRQ Rf TPMT iQ Whe GI WUacW[37]. OWheU 
eYideQce UegaUdiQg PACSIN2 VXggeVWV iWV UROe aV a UegXOaWRU Rf iQWeVWiQaO PXcRVaO 
hRPeRVWaViV aQd iQfOaPPaWiRQ. IQWUigXiQgO\, aQ XQdeUiQYeVWigaWed PechaQiVP Rf IBD 
SaWhRgeQeViV iV VE-cadheUiQ-diUecWed YaVcXOaU baUUieU diVUXSWiRQ[38], aQd PACSIN2 
haV beeQ UecRgQi]ed aV a UegXOaWRU Rf ceOO²ceOO adheViRQ iQ Whe eQdRWheOiXP WhURXgh 
Whe iQhibiWiRQ Rf aV\PPeWUic VE-cadheUiQ iQWeUQaOi]aWiRQ fURP adheUeQV jXQcWiRQV[39]. 
SWRccR eW al[32] SeUfRUPed aQ agQRVWic geQe e[SUeVViRQ aQaO\ViV iQ Whe hXPaQ B 
OeXNePia ceOO OiQe NALM6 aQd ideQWified aXWRShag\ aV RQe Rf Whe SaWhZa\V 
VigQificaQWO\ affecWed b\ PACSIN2 NQRcNdRZQ, WhXV VXggeVWiQg a SRVVibOe UROe Rf WhiV 
geQe iQ aXWRShag\, aQRWheU PechaQiVP iQYROYed iQ IBD SaWhRgeQeViV[32,40,41]. 
MRUeRYeU, Whe hXPaQ SURWeiQ ATLAS UeSRUW VhRZV WhaW ORZeU OeYeOV Rf PACSIN2 aUe 
UeOaWed WR a UedXced VXUYiYaO SURbabiOiW\ iQ cRORUecWaO adeQRcaUciQRPa SaWieQWV, 
OeaYiQg RSeQ Whe TXeVWiRQ Rf ZheWheU PACSIN2 iV a PaUNeU Rf WheUaSeXWic UeVSRQVe RU 
a cRQWUibXWiQg facWRU WR iQWeVWiQaO caQceU SURgUeVViRQ[42]. DedicaWed VWXdieV WR cOaUif\ 
Whe iVVXe Rf PACSIN2 aQd GI SaWhRORg\ aUe Qeeded; hRZeYeU, aOO WhiV eYideQce 
VXSSRUWV Whe h\SRWheViV WhaW PACSIN2 cRXOd be a VXVceSWibiOiW\ facWRU fRU iQWeVWiQaO 
WiVVXe daPage.

ThiRSXUiQe-deUiYed WGTPV aUe abOe WR cRPSeWe ZiWh GTP RQ Rac-1, a RhR-GTPaVe 
iQYROYed iQ ceOOXOaU SUROifeUaWiRQ. IW caQ be h\SRWheVi]ed WhaW facWRUV UedXciQg Rac-1 
e[SUeVViRQ RU acWiYiW\ cRXOd iQfOXeQce ceOO VXVceSWibiOiW\ WR c\WRWR[ic VWiPXOi, WhXV 
cRQWUibXWiQg WR WhiRSXUiQe efficac\ aQd WR[iciW\. IQWeUeVWiQgO\, Rac-1 ZaV abOe WR biQd 
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PACSIN2 WhURXgh a Sh\VicaO iQWeUacWiRQ[3]; WhiV SURWeiQ²SURWeiQ iQWeUacWiRQ VeePed WR 
be UeVSRQVibOe fRU UeciSURcaO UegXOaWiRQ: Rac-1 acWiYiW\ cRQWUROOed PACSIN2 ceOOXOaU 
diVWUibXWiRQ, ZheUeaV PACSIN2 cRXOd QegaWiYeO\ PRdXOaWe Rac-1 acWiYiW\[43]. In YiWro 
daWa VhRZed decUeaVed acWiYiW\ Rf Rac-1 iQ Whe SUeVeQce Rf Whe UV34932801 (G>C) SNP 
iQ Whe RAC1 SURPRWeU, aQd iQWeUeVWiQgO\, WhiV SRO\PRUShiVP ZaV aVVRciaWed ZiWh MP 
hePaWRORgic WR[iciW\ iQ a cRhRUW Rf EXURSeaQ IBD SaWieQWV[44]. AQRWheU VWXd\ UeSRUWed 
WhaW Rac-1 e[SUeVViRQ OeYeOV decUeaVed dXUiQg WhiRSXUiQe PaiQWeQaQce WheUaS\ iQ IBD 
SaWieQWV aQd WhaW MP UeVSRQdeUV SUeVeQWed ORZeU Rac-1 e[SUeVViRQ aQd acWiYiW\ OeYeOV, 
ZheUeaV iQ QRQUeVSRQdeUV, WheVe SaUaPeWeUV ZeUe iQcUeaVed. OQ WheVe baVeV, Rac-1 
ZaV SURSRVed aV a SRWeQWiaO biRPaUNeU Rf WhiRSXUiQe effecWiYeQeVV iQ IBD[45]. 
IQWUigXiQgO\, cRQdiWiRQaO diVUXSWiRQ Rf Rac-1 iQ ShagRc\WeV Rf Pice UeVXOWed iQ 
SURWecWiRQ fURP cROiWiV[46]. IQ cRQWUaVW, Rac-1 aQd STAT3 VigQaOiQg haYe beeQ 
cRQVideUed cRQWUibXWiQg facWRUV WR IBD deYeORSPeQW[47], aQd iW ZaV fRXQd WhaW bRWh 
Whe e[SUeVViRQ aQd acWiYiW\ OeYeOV Rf Rac-1 ZeUe diUecWO\ UeOaWed WR cRORQ iQfOaPPaWiRQ 
gUade[46]. SXVWaiQed Rac-1-GTP acWiYiW\ iQ OaPiQa SURSUia T O\PShRc\WeV cRXOd be 
PRUe difficXOW WR cRXQWeUacW b\ WhiRSXUiQeV aQd Oead WR UeViVWaQce Rf T O\PShRc\WeV WR 
aSRSWRViV aQd WhXV WR WheiU XQUeVWUaiQed accXPXOaWiRQ, Zhich VXbVeTXeQWO\ UeVXOWV iQ 
Whe aPSOificaWiRQ Rf Whe iQfOaPPaWRU\ UeVSRQVe iQ Whe GI WUacW. IQ WhiV VeQVe, iQ IBD 
SaWieQWV, Rac-1 cRXOd UeSUeVeQW a biRPaUNeU Rf WhiRSXUiQe-iQdXced GI WR[iciW\ aQd Rf 
diVeaVe VeYeUiW\ aQd SURgUeVViRQ, ZiWhRXW a cOeaU diVcUiPiQaWiRQ beWZeeQ Whe WZR 
cOiQicaO SheQRW\SeV.

AQRWheU SRWeQWiaO biRPaUNeU fRU WhiRSXUiQe GI WR[iciW\ iV Whe iQRViQe WUiShRVShaWe 
S\URShRVShaWaVe (ITPA) geQe. ITPA iV RQe Rf Whe eQ]\PeV iQYROYed iQ Whe WhiRSXUiQe 
PeWabROic SaWhZa\. B\ h\dURO\]iQg iQRViQe WUiShRVShaWe (ITP) aQd [aQWhRViQe 
WUiShRVShaWe QXcOeRWideV (XTP) iQWR WheiU PRQRShRVShaWe deUiYaWiYeV (IMP aQd XMP, 
UeVSecWiYeO\), ITPA SUeYeQWV Whe accXPXOaWiRQ Rf WheVe QRQcaQRQicaO PeWabROiWeV iQ 
ceOOV aQd WheiU iQcRUSRUaWiRQ iQWR DNA RU RNA, ZheUe Whe\ caQ iQWeUacW ZiWh 
DNA/RNA SRO\PeUaVe acWiYiW\[48]. The WhiRiQRViQe aQaORg (WIMP), aQ iQWeUPediaWe Rf 
MP cRQYeUViRQ WR TGN, iV cRQYeUWed WR WITP, Zhich iV aOVR aQ ITPA VXbVWUaWe 
(FigXUe 1). A VWXd\ SeUfRUPed RQ a OaUge chiOdhRRd ALL cRhRUW (n = 511), WUeaWed 
accRUdiQg WR Whe AIEOP-BFM-2000 SURWRcRO, VhRZed WhaW Whe PiVVeQVe YaUiaQW 
UV1127354 (C>A, S. PUR32ThU) iQ ITPA ZaV aVVRciaWed ZiWh a higheU UiVN Rf VeYeUe GI 
WR[iciW\ dXUiQg iQdXcWiRQ/cRQVROidaWiRQ WheUaS\[10]. ThiV PiVVeQVe YaUiaQW SaUWiaOO\ 
UedXceV ITPA eQ]\PaWic acWiYiW\ iQ heWeUR]\gRWeV aQd cRPSOeWeO\ UedXceV ITPA 
eQ]\PaWic acWiYiW\ iQ YaUiaQW hRPR]\gRWeV[49,50], VWiPXOaWiQg Whe accXPXOaWiRQ Rf 
XQXVXaO WITP ZiWh Whe SRWeQWiaO WR caXVe adYeUVe PeWabROic effecWV[51]. OWheU VWXdieV iQ 
SediaWUic ALL SaWieQWV VhRZed cRQWUadicWRU\ UeVXOWV RQ Whe ITPA UV1127354 aVVRciaWiRQ 
ZiWh P\eORWR[iciW\[52-54]. SWRccR eW al[53] fRXQd VigQificaQWO\ higheU cRQceQWUaWiRQV Rf 
MMPN iQ SaWieQWV ZiWh Whe QRQfXQcWiRQaO ITPA aOOeOe. The aVVRciaWiRQ beWZeeQ Whe 
ITPA SRO\PRUShiVP aQd MP PeWabROiVP RU QeXWURSeQia iQ ALL SaWieQWV WUeaWed ZiWh 
aQ MP dRVe adjXVWed RQ Whe baViV Rf Whe TPMT geQRW\Se XQdeUOiQed Whe iPSRUWaQW UROe 
Rf WhiV geQe iQ WhiRSXUiQe WR[iciW\.

CLINICAL IMPLEMENTATIONS
The PACSIN2 UV2413739 SNP cRXOd be cRQVideUed a SRWeQWiaO biRPaUNeU fRU 
WhiRSXUiQe-UeOaWed GI WR[iciW\, beiQg aVVRciaWed ZiWh WhiV cOiQicaO SheQRW\Se iQ WhUee 
iQdeSeQdeQW ALL cRhRUWV aQd ZiWh iQcUeaVed acWiYe diVeaVe iQ a cRhRUW Rf IBD SaWieQWV. 
FXUWheU iQYeVWigaWiRQV aUe Qeeded WR XQdeUVWaQd Whe PROecXOaU baViV Rf WhiV geQeWic 
effecW aQd Whe fXQcWiRQaO UROe Rf Whe PACSIN2 SURWeiQ iQ Whe heaOWh\ aQd daPaged GI 
eSiWheOiXP befRUe iWV SRVVibOe WUaQVOaWiRQ iQWR Whe cOiQic. AddiWiRQaOO\, Whe cRQWUibXWiRQ 
Rf RAC1 aQd ITPA SNPV, aV SRWeQWiaO biRPaUNeUV fRU WhiRSXUiQe-UeOaWed GI WR[iciW\, 
UeTXiUeV fXUWheU YaOidaWiRQ iQ SaWieQWV XQdeUgRiQg WheUaS\ ZiWh WheVe dUXgV. 
CXUUeQWO\, WheUe aUe QR cOiQicaO WUiaOV fRcXViQg RQ Whe UROe Rf WheVe geQeV/SURWeiQV iQ GI 
WR[iciW\ iQ ALL aQd IBD SaWieQWV.

If WheVe caQdidaWeV ZRXOd be cRQfiUPed aV PaUNeUV fRU GI WR[iciW\, VeYeUaO aSSOic-
aWiRQV cRXOd be VSecXOaWed iQ cOiQicaO SUacWice. FRU e[aPSOe, iQ SaWieQWV WUeaWed ZiWh 
WhiRSXUiQeV, cOiQiciaQV cRXOd be ZaUQed Rf Whe SaWieQWV· geQeWic SUediVSRViWiRQ WR GI 
daPage (e.g., SaWieQWV caUU\iQg Whe PACSIN2 UV2413739 RU ITPA UV1127354 hRPR]\gRXV 
YaUiaQW geQRW\SeV). PhaUPacRgeQeWic iQfRUPaWiRQ cRXOd be XVed aV aQ aOeUW fRU 
Sh\ViciaQV, ideQWif\iQg SaWieQWV ZhR Qeed iQWeQViYe PRQiWRUiQg fRU adYeUVe effecWV RU 
WhRVe ZhR VhRXOd XQdeUgR VXSSRUWiYe caUe eaUOieU, eYeQ ZheQ OeVV VeYeUe eSiVRdeV Rf 
WR[iciW\ RccXU.
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CONCLUSION
WhiOe highO\ effecWiYe, WhiRSXUiQeV aUe UeVSRQVibOe fRU VeUiRXV WR[iciWieV iQ ALL aQd 
IBD. ThiV VceQaUiR SRiQWV RXW Whe iPSRUWaQce Rf ideQWif\iQg SUedicWiYe biRPaUNeUV fRU 
deWecWiQg aQd PRQiWRUiQg Whe WiVVXe-VSecific Vide effecWV Rf WhiRSXUiQe. DaWa UeSRUWed iQ 
WhiV ediWRUiaO XQdeUOiQe Whe cRPSOe[iW\ Rf WhiRSXUiQe ShaUPacRNiQeWic PechaQiVPV, 
Zhich cRXOd be iQfOXeQced b\ PXOWiSOe geQeV aQd QRQgeQeWic facWRUV abOe WR e[eUW WheiU 
fXQcWiRQ RQ Whe ZhROe bRd\ RU WhURXgh a WiVVXe-VSecific PechaQiVP Rf acWiRQ.
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