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AbVWUacW
CeOOV aQd WiVVXeV geQeUaWe aQd aUe e[SRVed WR a YaUieW\ Rf PechaQicaO fRUceV WhaW acW acURVV

VcaOeV Rf WiVVXeV, ceOOV aQd RUgaQeOOeV aQd SURYide cUiWicaO VigQaOV WR iQfOXeQce ceOO behaYiRU

dXUiQg deYeORSPeQW aQd adXOW hRPeRVWaViV. CRQVeTXeQWO\, a OaUge QXPbeU Rf cRPPRQ diVeaVeV

iQYROYe aOWeUaWiRQV iQ WheVe PechaQicaO fRUceV, WUiggeUiQg feedback ORRSV WhaW haYe Whe SRWeQWiaO

WR iQfOXeQce diVeaVe SURgUeVViRQ. ReceQW WechQicaO adYaQceV WhaW haYe faciOiWaWed PeaVXUiQg

aQd PaQiSXOaWiQg biRORgicaOO\ UeOeYaQW fRUceV haYe Oed WR ideQWificaWiRQ Rf PechaQRVeQViWiYe

SaWhZa\V aQd TFV ZiWh ke\ UROeV iQ UegXOaWiQg ceOO VWaWeV aQd behaYiRUV. ThiV UeYieZ highOighWV

Whe PechaQiVPV b\ Zhich fRUceV UegXOaWe WUaQVcUiSWiRQ aQd Whe ePeUgiQg UROeV Rf WheVe

PechaQiVPV iQ PaPPaOiaQ Sh\ViRORg\ aQd diVeaVe.



IQWURdXcWiRQ
A haOOPaUk Rf WiVVXe PRUShRgeQeViV iV Whe SaWWeUQiQg Rf gURXSV Rf ceOOV iQWR cRPPXQiWieV ZiWh

defiQed cRPPRQ SURSeUWieV, iQcOXdiQg e[SUeVViRQ Rf VSecific geQeV WhaW deWeUPiQe ceOO VWaWe,

XQiTXe PRUShRORgicaO feaWXUeV, aQd VSeciaOi]ed behaYiRUaO SaWWeUQV. TheVe fXQcWiRQaO XQiWV Rf

SaWWeUQed WiVVXe aUe PaiQWaiQed iQ adXOW WiVVXeV, VRPe Rf Zhich XQdeUgR cRQVWaQW hRPeRVWaWic

UeQeZaO RU caQ VeOf-UeSaiU afWeU iQjXU\. The geQeUaWiRQ, PaiQWeQaQce, aQd UeSaiU Rf fXQcWiRQaO

WiVVXeV WhXV UeTXiUeV iQWUicaWe cRRUdiQaWiRQ Rf ceOO faWe aQd SRViWiRQ, aQd Whe abiOiW\ Rf ceOOV WR

UeVSRQd aQd adaSW WR d\QaPic chaQgeV iQ WheiU PicUReQYiURQPeQW. The cORVe, highO\

UeSURdXcibOe cRUUeOaWiRQ beWZeeQ ceOO W\Se- VSecific PRUShRORg\ aQd ceOO ideQWiW\ SRiQWV WR

cRQVWaQW, bidiUecWiRQaO feedback beWZeeQ PicUReQYiURQPeQWaO VigQaOV, Whe cRQWUacWiOe

c\WRVkeOeWRQ WhaW UeVSRQdV WR WheVe VigQaOV aQd deWeUPiQeV ceOO VhaSe, aQd Whe WUaQVcUiSWiRQaO

ciUcXiWU\ WhaW eVWabOiVheV aQd PaiQWaiQV ceOO ideQWiW\ 1±3.

OQe ceQWUaO PicUReQYiURQPeQWaO VigQaO PRdaOiW\ iV PechaQicaO fRUce [G] WhaW acWV RQ VcaOeV Rf

WiVVXeV, ceOOV, RUgaQeOOeV aQd PROecXOeV, aQd WhaW haV fXQdaPeQWaO iPSacWV RQ ceOO behaYiRU

WhURXgh UegXOaWiQg geQe WUaQVcUiSWiRQ. ThiV UeYieZ ZiOO diVcXVV hRZ PechaQicaO VigQaOV aUe

SURSagaWed aQd UeOa\ed iQWR Whe QXcOeXV WR UegXOaWe WUaQVcUiSWiRQ, aQd cUiWicaOO\ eYaOXaWe Whe

cXUUeQW eYideQce fRU Whe Sh\ViRORgicaO UeOeYaQce Rf WhiV UegXOaWiRQ.

MechaQiVPV Rf fRUce VeQViQg
TiVVXe VWUXcWXUeV aQd ceOO PRUShRORgieV aUe adaSWed WR WheiU VSeciaOi]ed fXQcWiRQV. WhiOe

e[ecXWiQg WheVe VSeciaOi]ed fXQcWiRQV, WiVVXeV aQd ViQgOe ceOOV aUe e[SRVed WR aQd geQeUaWe

WiVVXe-VSecific PechaQicaO fRUceV VXch aV cRPSUeVViRQ, VheaU [G], WeQViOe VWUeVV [G], RU

h\dURVWaWic SUeVVXUe [G] (FigXUe 1). TR geQeUaWe aQd VXVWaiQ WheiU diVWiQcW fRUce eQYiURQPeQWV,

WiVVXeV diVSOa\ VSecific PechaQicaO SURSeUWieV, dicWaWed b\ ceOOV aQd WheiU VXUURXQdiQg

e[WUaceOOXOaU PaWUi[ (ECM), iQcOXdiQg eOaVWiciW\, YiVcRViW\, aQd fUicWiRQ [G]. IPSRUWaQWO\, Whe PaQQeU

iQ Zhich ceOOV iQWeUacW aQd UeVSRQd WR WheVe d\QaPic fRUceV iV deWeUPiQed b\ Whe Sh\VicaO

SURSeUWieV Rf Whe ceOOV aQd ECM (fRU UeceQW UeYieZV Vee fRU e[aPSOe 4±7. AV PaQ\ diVeaVeV Oead

WR aOWeUaWiRQV iQ WiVVXe fXQcWiRQ aQd aUchiWecWXUe, Whe\ aOPRVW iQYaUiaQWO\ aOVR chaQge Whe

PechaQicaO SURSeUWieV aQd fRUceV ZiWhiQ WiVVXeV, fRU e[aPSOe WhURXgh fibURWic UeacWiRQV 8.

FXUWheU, a OaUge QXPbeU Rf cRPPRQ diVeaVeV VXch aV aWheURVcOeURViV [G], aUWhUiWiV, RVWeRSRURViV,

aQd caUdiRP\RSaWhieV, aV ZeOO VeYeUaO deYeORSPeQWaO diVRUdeUV, iQcOXdiQg HXWchiQVRQ-GiOfRUd

SURgeUia [G] aQd DXcheQQe¶V PXVcXOaU d\VWURSh\ [G], eQWaiO abQRUPaO Sh\ViRORgicaO UeVSRQVeV
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WR PechaQicaO fRUceV 9,10. ThiV highOighWV Whe iPSRUWaQce Rf XQdeUVWaQdiQg biRORgicaO fRUceV aQd

WheiU effecWV RQ ceOO VWaWe aQd behaYiRU.

AV iQ aQ\ WhUee-diPeQViRQaO VWUXcWXUe, fRUceV ZiWhiQ ceOOV aUe WUaQVPiWWed acURVV

VWUXcWXUeV WhaW aUe Sh\VicaOO\ iQWeUcRQQecWed - Whe ECM, adheViRQV, c\WRVkeOeWRQ, aQd Whe

QXcOeXV (FigXUe 1). ThXV, aOO ceOOV cRQWaiQ VWUXcWXUeV WhaW UeVSRQd WR WheVe ORcaO fRUceV, UeVXOWiQg

iQ chaQgeV iQ ceOO behaYiRU. IQ WhiV UeYieZ Ze UefeU WR cRXSOiQg Rf e[WUiQVic fRUceV WR Whe

iQWUaceOOXOaU fRUce VeQViQg PachiQeUieV aV PechaQRWUaQVPiVViRQ. A ceQWUaO ORcaWiRQ fRU

PechaQRWUaQVPiVViRQ iV Whe SOaVPa PePbUaQe, ZheUe WUaQVPePbUaQe UeceSWRU cRPSOe[eV,

VXch aV iQWegUiQ-baVed ceOO-PaWUi[ adheViRQV aQd cadheUiQ-baVed ceOO-ceOO adheViRQV cRQQecW

ZiWh Whe cRQWUacWiOe acWRP\RViQ c\WRVkeOeWRQ, WR bRWh e[eUW fRUceV RQ WheiU VXUURXQdiQgV, aQd

VeQVe PechaQicaO SURSeUWieV RU d\QaPic defRUPaWiRQ Rf QeighbRUiQg ceOOV RU Whe ECM VXbVWUaWe
11±13 (FigXUe 1). MechaQicaO fRUceV aSSOied RQ WheVe PXOWiSURWeiQ adheViRQ cRPSOe[eV caQ be

cRQYeUWed iQWR biRchePicaO VigQaOV, fRU e[aPSOe WhURXgh PechaQicaO XQfROdiQg Rf iQdiYidXaO

SURWeiQV/cRPSOe[eV (UefeUUed WR aV PechaQRVeQViQg) aQd VXbVeTXeQW acWiYaWiRQ Rf VigQaOiQg

PROecXOeV (PechaQRWUaQVdXcWiRQ) 14,15 (FigXUe 2a, b). AQRWheU ceQWUaO PechaQiVP Rf fRUce

VeQViQg aW Whe SOaVPa PePbUaQe iV Whe VWUeWch-iQdXced acWiYaWiRQ Rf iRQ chaQQeOV VXch aV

Pie]R1/2 RU TRPV (FigXUe 2c). The\ aUe acWiYaWed iQ UeVSRQVe WR VWUeWch, cRPSUeVViRQ, VheaU

aQd SRVVibO\ eYeQ h\dURVWaWic SUeVVXUe WR WUiggeU iRQ-deSeQdeQW iQWUaceOOXOaU PechaQRVigQaOiQg
16±21. AOVR RWheU SOaVPa PePbUaQe VWUXcWXUeV VXch aV caYeROae, aV ZeOO aV PePbUaQe WeQViRQ

iWVeOf, aUe iQYROYed iQ PechaQRWUaQVPiVViRQ 22±24 (FigXUe 2d).

IQ addiWiRQ WR Whe SOaVPa PePbUaQe, UeceQW eYideQce SRiQWV WR Whe QXcOeXV aV a

PechaQRVeQVRU WhaW VeQVeV iWV RZQ defRUPaWiRQ WR WUiggeU PechaQRVigQaOiQg. NXcOeaU

defRUPaWiRQ caQ RccXU dRZQVWUeaP Rf e[WUiQVic fRUceV aV a UeVXOW Rf fRUce WUaQVPiVViRQ fURP

adheViRQV, Yia Whe c\WRVkeOeWRQ aQd Whe LINC cRPSOe[eV, WR Whe QXcOeaU eQYeORSe, QXcOeaU

OaPiQa aQd chURPaWiQ, UeVXOWiQg iQ PechaQRVigQaOiQg iQ a PaQQeU ViPiOaU WR ZhaW RccXUV aW ceOO

adheViRQV 10,25,26 (FigXUe 2d). The QXcOeaU OaPiQa, cRPSRVed Rf Whe iQWeUPediaWe fiOaPeQW

SURWeiQV LaPiQ A/C aQd LaPiQ B, SaUWiciSaWeV iQ Whe UegXOaWiRQ Rf PechaQRVeQViWiYe

WUaQVcUiSWiRQ facWRUV (TFV) 27±31. IQ addiWiRQ, LaPiQ A SURWeiQ OeYeOV VcaOe ZiWh iQcUeaViQg ECM

VWiffQeVV, SURYidiQg a PechaQiVP WhaW cRXSOeV WiVVXe aQd QXcOeaU VWiffQeVV aQd aPSOifieV

PechaQRVeQViWiYe WUaQVcUiSWiRQ 27,31±33. DXe WR iWV high VWiffQeVV cRPSaUed WR Whe UeVW Rf Whe ceOO,

Whe QXcOeXV aOVR XQdeUgReV diUecW defRUPaWiRQ iQ UeVSRQVe WR ceOO cRPSUeVViRQ RU VWUeWch. ThiV

QXcOeaU defRUPaWiRQ WUiggeUV QXcOeaU PePbUaQe VWUeWchiQg aQd VXbVeTXeQW Ca2+ aQd

ShRVShROiSaVe VigQaOiQg, Zhich acWiYaWeV PigUaWRU\ eVcaSe UeVSRQVeV aQd PechaQRSURWecWiYe

chaQgeV iQ QXcOeaU aQd chURPaWiQ VWiffQeVV iQ cRQdiWiRQV Rf geQRWR[ic cRPSUeVViRQ 20,34±37
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(FigXUe 2d). IQ addiWiRQ WR PePbUaQe VWUeWchiQg, QXcOeaU defRUPaWiRQ Pa\ UegXOaWe QXcOeaU SRUe

diVWUibXWiRQ aQd SeUPeabiOiW\ WR iPSacW iQWUaQXcOeaU OeYeOV Rf TFV aV a PeaQV Rf QXcOeaU

PechaQRVeQViQg 38±40. ThiV SRVVibiOiW\ iV SaUWicXOaUO\ iQWeUeVWiQg iQ OighW Rf Whe UeceQW RbVeUYaWiRQ

WhaW Whe diaPeWeU Rf Whe SRUe RSeQiQg iV gaWed b\ PePbUaQe WeQViRQ 41 (FigXUe 2d).

FiQaOO\, ePeUgiQg eYideQce fXUWheU VXggeVWV WhaW RWheU RUgaQeOOeV VXch aV Whe GROgi aQd

PiWRchRQdUia diVSOa\ PechaQRVeQViWiYe SURSeUWieV aQd UeVSRQd WR PechaQicaO fRUceV aQd

acWRP\RViQ cRQWUacWiRQ b\ chaQgiQg WheiU VWUXcWXUe aQd fXQcWiRQ, UeVXOWiQg iQ SURSagaWiRQ Rf

dRZQVWUeaP biRchePicaO VigQaOV XOWiPaWeO\ iPSacWiQg Whe acWiYiW\ Rf TFV (Vee beORZ, EPeUgiQg

cRQceSWV) 42±46. CROOecWiYeO\, cXUUeQW eYideQce iQdicaWeV WhaW PechaQicaO VWUeVV UeVXOWV iQ VWUaiQ

(defRUPaWiRQ) Rf a bURad UaQge Rf PechaQRVeQViWiYe VWUXcWXUeV aQd SRWeQWiaOO\ RUgaQeOOeV,

WUiggeUiQg dRZQVWUeaP VigQaOiQg. WhaW deWeUPiQeV Zhich PechaQRVeQVRU\ RUgaQeOOe/VWUXcWXUe iV

acWiYaWed iV XQcOeaU bXW PRVW OikeO\ deSeQdV RQ Whe W\Se aQd PagQiWXde Rf Whe biRORgicaO fRUce aV

ZeOO aV Whe SURSeUWieV Rf Whe ceOO iWVeOf, iQcOXdiQg cRQWUacWiOe VWaWe Rf Whe c\WRVkeOeWRQ aQd WeQViRQ

Rf Whe SOaVPa aQd QXcOeaU PePbUaQeV. IW cRXOd aOVR be eQYiViRQed WhaW PXOWiSOe

PechaQRVeQVRUV caQ be acWiYaWed ViPXOWaQeRXVO\, afWeU Zhich WheiU VigQaOV ZiOO be iQWegUaWed

fXUWheU dRZQVWUeaP. IQ Whe fROORZiQg VecWiRQV Ze ZiOO diVcXVV hRZ PechaQicaO VigQaOV aUe

UeOa\ed iQWR Whe QXcOeXV, ZhaW iV Whe QaWXUe Rf WheVe VigQaOV, aQd hRZ Whe\ UegXOaWe WUaQVcUiSWiRQ

WR SURdXce Sh\ViRORgicaOO\ PeaQiQgfXO UeVSRQVeV.

ChURPaWiQ UeVSRQVeV WR QXcOeaU fRUce WUaQVPiVViRQ
ChURPaWiQ iV a diVRUdeUed, YaUiabO\ cRPSacWed SRO\PeU chaiQ WhaW iV aVVePbOed iQWR a cRPSOe[,

hieUaUchicaO 3D cRQfigXUaWiRQ WhURXgh iQWeUacWiRQV ZiWh iWVeOf RQ PXOWiSOe VcaOeV (cRPSaUWPeQWV,

WRSRORgicaOO\ aVVRciaWiQg dRPaiQV, ORRSV) aV ZeOO aV ZiWh Whe QXcOeaU SeUiSheU\ 47±49. The

RUgaQi]aWiRQ Rf chURPaWiQ deWeUPiQeV iWV acceVVibiOiW\ WR TFV aQd WhXV UeSUeVeQWV aQ iPSRUWaQW

Oa\eU Rf WUaQVcUiSWiRQaO UegXOaWiRQ. CRQVeTXeQWO\, ceOO faWe WUaQViWiRQV iQYROYe chaQgeV iQ

chURPaWiQ RUgaQi]aWiRQ, ZheUe hiVWRQe- aQd DNA-PRdif\iQg eQ]\PeV aQd chURPaWiQ UePRdeOeUV

cROOabRUaWe ZiWh TFV WR geQeUaWe ceOO-W\Se VSecific geQe e[SUeVViRQ SaWWeUQV, aQd WR aQd

PaiQWaiQ WheVe SaWWeUQV acURVV ceOO diYiViRQV 50±52. The aVVRciaWiRQ Rf chURPaWiQ ZiWh Whe QXcOeaU

OaPiQa SURYideV a diUecW PechaQicaO OiQk aOO Whe Za\ fURP Whe e[WUaceOOXOaU eQYiURQPeQW WhURXgh

adheViRQ cRPSOe[eV, Whe c\WRVkeOeWRQ, Whe LINC cRPSOe[ WR chURPaWiQ (FigXUe 3a). The

SRWeQWiaO fXQcWiRQaO UROe Rf WhiV diUecW PechaQicaO OiQk iQ UegXOaWiQg chURPaWiQ RUgaQi]aWiRQ aQd

Whe YaUiRXV SRVW-WUaQVOaWiRQaO PRdificaWiRQ VWaWeV Rf hiVWRQeV iQ UeVSRQVe WR PechaQicaO fRUce

haV beeQ XQdeU iQWeQVe iQYeVWigaWiRQ iQ UeceQW \eaUV. AOWhRXgh RXU XQdeUVWaQdiQg Rf WhiV
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SURceVV UePaiQV UXdiPeQWaU\, ePeUgiQg daWa iQdicaWeV WhaW Whe iPSacW Rf fRUce RQ chURPaWiQ iV

WiPe-, PagQiWXde- aQd ceOO W\Se-deSeQdeQW.

MechaQicaO fRUce WUaQVPiWWed fURP ceOO adheViRQV WR Whe QXcOeXV haV iQdeed beeQ VhRZQ

WR UeVXOW iQ iPPediaWe diVSOacePeQW Rf chURPaWiQ, Zhich cRUUeOaWeV ZiWh acWiYaWiRQ Rf

PechaQRVeQViWiYe geQe e[SUeVViRQ 53,54. HRZ WhiV VSecificiW\ Rf fRUce-PediaWed acWiYaWiRQ Rf RQO\

ceUWaiQ geQeV iV achieYed UePaiQV a ke\ RSeQ TXeVWiRQ. OQe SRVVibiOiW\ iV WhaW iW deSeQdV RQ Whe

SRViWiRQiQg Rf Whe geQeV. FRU e[aPSOe, Whe HSLGHUPDO GLIIHUHQWLDWLRQ FRPSOH[ (EDC) geQe cOXVWeU

iV iQacWiYe iQ eSideUPaO VWeP ceOOV, ZheUe Whe ORcXV UeVideV iQ cORVe SUR[iPiW\ WR Whe OaPiQa.

ASSOicaWiRQ Rf WeQViRQ RQ Whe OaPiQa WhURXgh Whe LINC cRPSOe[ iV cUiWicaO fRU PaiQWaiQiQg Whe

cRPSacWiRQ Rf chURPaWiQ aW WhiV ORcXV aQd geQe ViOeQciQg, SUeYeQWiQg SUecRciRXV e[SUeVViRQ Rf

diffeUeQWiaWiRQ geQeV 55.

OQ ORQgeU WiPe VcaOeV Rf PiQXWeV, bRWh ceOO-e[WUiQVic (d\QaPic WeQViOe ORadiQg) aQd

ceOO-iQWUiQVic (eOeYaWiRQ Rf ceOOXOaU cRQWUacWiOiW\) PechaQicaO VWiPXOaWiRQ WUiggeUV ATP-deSeQdeQW

cRQdeQVaWiRQ Rf eXchURPaWiQ iQWR heWeURchURPaWiQ iQ PeVeQch\PaO VWeP ceOOV, OeadiQg WR a

VXSSUeVViRQ Rf geQe e[SUeVViRQ iQ Whe cRQdeQVed UegiRQV 56,57. IQ cRQWUaVW, c\cOic XQia[iaO

PechaQicaO VWUeWch iQ eSideUPaO VWeP ceOOV OeadV WR a decUeaVe iQ H3K9Pe3-PaUked cRQdeQVed

heWeURchURPaWiQ ZiWhiQ 30 PiQXWeV Rf fRUce aSSOicaWiRQ, bXW WhiV decUeaVe haV QR VXbVWaQWiaO

iPSacW RQ e[SUeVViRQ Rf SURWeiQ-cRdiQg geQeV aV Whe chaQgeV RccXU PaiQO\ aW QRQ-cRdiQg

UegiRQV. IQVWead, Whe decUeaVe iQ VWiff, OaPiQa SUR[iPaO heWeURchURPaWiQ cRQWUibXWeV WR QXcOeaU

VRfWeQiQg WhaW iV UeTXiUed WR diVViSaWe PechaQicaO eQeUg\ WR SUeYeQW DNA daPage 20. If WhiV

PechaQicaO VWUeWch VWiPXOXV SeUViVWV fRU VeYeUaO hRXUV, ceOOV aOigQ SeUSeQdicXOaU WR Whe diUecWiRQ

Rf VWUeWch, WheUeb\ PiQiPi]iQg VWUaiQ Rf Whe QXcOeXV, aOORZiQg Whe ceOOV WR UeVWRUe VWead\ VWaWe

chURPaWiQ aUchiWecWXUe 20. IQWeUeVWiQgO\, if Whe VWUeWch iV bia[iaO aQd WhXV ceOOV aUe QRW abOe WR aOigQ

WR aYRid VWUaiQ, Whe UegiRQV WhaW haYe ORVW H3K9Pe3 ZiOO, iQ Whe VcaOe Rf da\V, gaiQ H3K27Pe3,

Zhich iV aOVR a ViOeQciQg PaUk, PRVW OikeO\ aV a cRPSeQVaWRU\ PechaQiVP WR eQVXUe SURSeU

ViOeQciQg Rf WheVe UegiRQV 58. The aSSOicaWiRQ Rf ORQg-WeUP bia[iaO VWUeWch ZiOO fXUWheU deSOeWe fUee

QXcOeaU G-acWiQ WR WUiggeU WUaQVcUiSWiRQaO UeSUeVViRQ accXPXOaWiRQ Rf H3K27Pe aOVR aW SURPRWeUV

Rf geQeV WhaW aUe e[SUeVVed aW ORZ OeYeOV, SUeYeQWiQg eSideUPaO VWeP ceOO diffeUeQWiaWiRQ 58. The

SRWeQWiaO Rf QXcOeaU VWUaiQ WR WUiggeU heWeURchURPaWiQ chaQgeV WhXV aSSeaUV ceOO W\Se- aQd ceOO

VWaWe-VSecific, deWeUPiQed b\ Whe VWead\ VWaWe QXcOeaU VWiffQeVV 20,56,59. FRU e[aPSOe caQceU ceOO

OiQeV ZiWh ORZ LaPiQ A aQd WhXV ORZ QXcOeaU VWiffQeVV aQd PePbUaQe WeQViRQ aUe UefUacWRU\ WR

fRUce-iQdXced chaQgeV iQ H3K9Pe3 aQd iQ VRPe caVeV eYeQ iQcUeaVed H3K9Pe3 iQ UeVSRQVe

WR fRUce, bXW cRXOd be UeQdeUed PechaQRVeQViWiYe b\ RYeUe[SUeVViQg LaPiQ A 20 (FigXUe 3a).
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The QRWiRQ WhaW hiVWRQe PRdificaWiRQV UeVSRQd WR chaQgeV iQ ceOO geRPeWU\ [G] aUe

VXSSRUWed b\ VWXdieV XViQg e[WUiQVic cRQVWUaiQWV RQ ceOO PRUShRORg\. FRUciQg PaPPaU\ eSiWheOiaO

ceOOV iQWR URXQded VhaSeV XViQg adheViYe PicURSaWWeUQV UeVXOWed iQ gORbaO hiVWRQe deaceW\OaWiRQ,

chURPaWiQ cRQdeQVaWiRQ, aQd RYeUaOO UedXcWiRQ iQ geQe e[SUeVViRQ 60. SiPiOaUO\, fRUciQg

PeVeQch\PaO VWeP ceOOV iQWR eORQgaWed VhaSeV Oed WR iQcUeaVed hiVWRQe deaceW\OaVe acWiYiW\

aQd VXbVeTXeQW decUeaVed hiVWRQe aceW\OaWiRQ 61, ZheUeaV iQcUeaViQg ceOO VSUead aUea Rf

fibURbOaVWV WUiggeUed iQcUeaVeV hiVWRQe aceW\OaWiRQ aQd chaQgeV iQ geQe e[SUeVViRQ Rf

c\WRVkeOeWaO geQeV WhURXgh effecWV RQ acWRP\RViQ cRQWUacWiOiW\ 62. SWXdieV iQ PeOaQRPa ceOOV

fXUWheU VhRZed WhaW WiVVXe cXUYaWXUe, PRVW OikeO\ WhURXgh iQcUeaViQg PechaQicaO VWUeVV,

SURPRWeV iQcUeaVed deSRViWiRQ Rf H3K4Pe2 aQd H3K9ac WR eQhaQce e[SUeVViRQ Rf

SUR-RQcRgeQic geQeV 63. IQWUigXiQgO\, chURPaWiQ aUchiWecWXUe caQ feed back WR UegXOaWe Whe

QXcOeaU PechaQicaO VWaWe aV iW haV beeQ VhRZQ WhaW haSORiQVXfficieQc\ Rf Whe chURPaWiQ PRdifieU

MLL4/COMPASS cRPSOe[ iQ KabXki V\QdURPe OeadV WR iQcUeaVed H3K27Pe3 aQd SRO\cRPb

cRPSOe[ cOXVWeUiQg, OeadiQg WR iQcUeaVed QXcOeaU VWiffQeVV 64.

The PechaQiVPV b\ Zhich VWUeWch, cRPSUeVViRQ aQd chaQgeV iQ ceOO aQd QXcOeaU VhaSe

dUiYe eSigeQeWic aQd WUaQVcUiSWiRQaO chaQgeV aUe VWiOO XQcOeaU bXW VRPe PechaQiVWic iQVighWV aUe

begiQQiQg WR XQUaYeO. AV chaQgeV iQ ceOO aQd QXcOeaU VhaSe WUiggeU VWUeWch-iQdXced iRQ chaQQeOV,

iQWUaceOOXOaU Ca2+ VigQaOiQg haV beeQ iPSOicaWed iQ heWeURchURPaWiQ UegXOaWiRQ dRZQVWUeaP Rf

PechaQicaO defRUPaWiRQ 20,59,65 (FigXUe 3a). IQWeUeVWiQgO\, fRUPaWiRQ Rf Whe SeUiQXcOeaU acWiQ UiQg

WhaW PediaWeV QXcOeaU acWiQ OeYeOV iV aOVR dUiYeQ b\ eOeYaWiRQ Rf iQWUaceOOXOaU Ca2+, OiQkiQg

QXcOeaU VWUaiQ ZiWh acWiQ-dUiYeQ effecWV RQ WUaQVcUiSWiRQ 20,58,66,67. IQ addiWiRQ, acWRP\RViQ

cRQWUacWiOiW\ aQd VXbVeTXeQW ORcaO WeQViRQ RQ Whe QXcOeaU eQYeORSe iV OikeO\ WR SOa\ a UROe, aV

iOOXVWUaWed b\ Whe effecWV Rf PaQiSXOaWiQg LINC cRPSOe[ RU LaPiQ A RQ chURPaWiQ aQd geQe

e[SUeVViRQ iQ UeVSRQVe WR fRUce 31,55,68. WheWheU WheVe effecWV Rf ORcaO WeQViRQ aUe dUiYeQ b\

QXcOeaU VWUaiQ, WhXV cRQYeUgiQg ZiWh Whe abRYe deVcUibed PechaQiVPV iQYROYiQg QXcOeaU

defRUPaWiRQ, UePaiQV aQ iQWUigXiQg RSeQ TXeVWiRQ. AQRWheU aOWeUQaWiYe RU SaUaOOeO Oa\eU Rf

UegXOaWiRQ cRXOd iPSaUW fURP PRUe ORcaO QXcOeaU defRUPaWiRQV, dUiYeQ b\ Whe SeUiQXcOeaU

c\WRVkeOeWRQ aQd OeadiQg WR highO\ ORcaOi]ed QXcOeaU iQYagiQaWiRQV aQd iQWUaQXcOeaU SROaUi]aWiRQ
69. The aPRXQW Rf SeUiQXcOeaU acWiQ-Uich iQYagiQaWiRQV cRUUeOaWeV ZiWh Whe degUee Rf

dediffeUeQWiaWiRQ iQ a YaUieW\ Rf ceOO W\SeV 70. CRPSUeVViYe fRUceV fURP Whe PicURWXbXOeV haYe aOVR

beeQ UeceQWO\ VhRZQ WR WUiggeU ORbXOaWed QXcOeaU VhaSeV aQd ORcaO ORVV Rf H3K9Pe3

heWeURchURPaWiQ fURP ZiWhiQ WheVe NE iQYagiQaWiRQV, UeVXOWiQg iQ geQe e[SUeVViRQ chaQgeV iQ

hXPaQ hePaWRSRieWic VWeP ceOOV dXUiQg WheiU eaUO\ diffeUeQWiaWiRQ 71. SiPiOaUO\, Whe

c\WRPegaORYiUXV haV beeQ VhRZQ WR XWiOi]e SRViWiRQiQg Rf Whe PicURWXbXOe RUgaQi]iQg ceQWeU WR
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UegXOaWe Whe QXcOeaU OaPiQa aQd iQWUaQXcOeaU SROaUi]aWiRQ WR VSaWiaOO\ VegUegaWe YiUaO DNA fURP

cRPSacW chURPaWiQ Rf Whe hRVW DNA, WhXV Pa[iPi]iQg YiUXV UeSOicaWiRQ 72.

CROOecWiYeO\ WheVe VWXdieV ePShaVi]e Whe iQWiPaWe, fXQcWiRQaOO\ UeOeYaQW cRQQecWiRQ beWZeeQ ceOO

aQd QXcOeaU VhaSe chaQgeV aQd 3D chURPaWiQ RUgaQi]aWiRQ aQd eSigeQeWic VWaWe WR UegXOaWe

geQe e[SUeVViRQ. The ke\ TXeVWiRQ iV hRZ WheVe chaQgeV iQWeUface ZiWh biRchePicaO VigQaOV WR

SURYide VSecificiW\ ZhiOe SUeYeQWiQg XQcRQWUROOed chaQgeV iQ acWiYiW\ WhaW cRXOd UeVXOW fURP Whe

cRQVWaQW e[SRVXUe Rf ceOOV WR PechaQicaO fRUce. ThiV cURVVWaOk beWZeeQ PechaQicaO aQd

biRchePicaO VigQaOV aQd WheiU Sh\ViRORgicaO UeOeYaQce ZiOO be Whe fRcXV Rf Whe UeVW Rf WhiV UeYieZ.

AcWRP\RViQ d\QaPicV aQd QXcOeaU acWiQ iQ
WUaQVcUiSWiRQaO UegXOaWiRQ
A OaUge PajRUiW\ Rf Whe abRYe-deVcUibed PechaQiVPV Rf VeQViQg aQd UeVSRQdiQg WR PechaQicaO

fRUceV cRQYeUge RQ acWRP\RViQ d\QaPicV eiWheU WhURXgh diUecW UegXOaWiRQ Rf Whe c\WRVkeOeWRQ RU

b\ iPSacWiQg VigQaOiQg SaWhZa\V WhaW iQfOXeQce acWiQ d\QaPicV. TheUe aUe WhUee ceQWUaO

PechaQiVPV b\ Zhich acWiQ caQ UegXOaWe WUaQVcUiSWiRQ dRZQVWUeaP Rf PechaQicaO VigQaOV: i)

UegXOaWiRQ Rf Whe cRUe WUaQVcUiSWiRQaO PachiQeU\ aQd chURPaWiQ PRdifieUV b\ QXcOeaU acWiQ, ii)

UegXOaWiRQ Rf Whe SRF/MRTF VigQaOiQg SaWhZa\, aQd iii) UegXOaWiRQ Rf YAP/TAZ PechaQRVeQViWiYe

WUaQVcUiSWiRQaO cRacWiYaWRUV WhaW UeVSRQd WR chaQgeV iQ acWRP\RViQ.

NXcOeaU acWiQ iQ PechaQicaO UegXOaWiRQ Rf cRUe WUaQVcUiSWiRQ.

AfWeU iQiWiaO cRQWURYeUV\, iW haV becRPe ZeOO acceSWed WhaW acWiQ iV aOVR fRXQd iQ Whe QXcOeXV, bRWh

aV PRQRPeUic G-acWiQ aQd aV fiOaPeQWRXV F-acWiQ 73. AcWiQ iV WUaQVSRUWed WhURXgh Whe QXcOeaU

SRUe aV a PRQRPeU, aQd Whe aYaiOabiOiW\ Rf PRQRPeUV iV UaWe-OiPiWiQg fRU Whe WUaQVSRUW iQ bRWh

diUecWiRQV 74. ThXV, aQ\ PechaQRchePicaO VigQaOiQg SURceVV WhaW iPSacWV acWiQ d\QaPicV aQd

WhXV Whe UaWiR Rf fUee G-acWiQ WR bRXQd fiOaPeQWRXV F-acWiQ iQ Whe c\WRSOaVP, iQcOXdiQg SURceVVeV

VXch aV ceOO VSUeadiQg, iV OikeO\ WR iQfOXeQce QXcOeaU acWiQ OeYeOV 75 (FigXUe 3a).

NXcOeaU acWiQ SOa\V PXOWiSOe UROeV iQ UegXOaWiRQ Rf WUaQVcUiSWiRQ UegXOaWiRQ aQd iQiWiaWiRQ,

chURPaWiQ UeRUgaQi]aWiRQ, aQd DNA UeSaiU (fRU a UeceQW cRPSUeheQViYe UeYieZ Vee fRU e[aPSOe

Ref.73). NXcOeaU G-acWiQ OeYeOV SRViWiYeO\ cRUUeOaWe ZiWh gORbaO WUaQVcUiSWiRQ UaWeV 58,76±80. AOWhRXgh

Whe SUeciVe PROecXOaU PechaQiVP(V) VWiOO Qeed WR be ZRUked RXW, iQWeUacWRPe VWXdieV haYe

UeYeaOed aVVRciaWiRQ Rf acWiQ ZiWh VeYeUaO SURWeiQV iQYROYed iQ WUaQVcUiSWiRQ VXch aV cRPSRQeQWV

Rf Whe SUeiQiWiaWiRQ cRPSOe[, SUe-PRNA VSOiciQg aQd SURceVViQg facWRUV, aQd WUaQVcUiSWiRQ
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eORQgaWiRQ facWRUV 77,79,81 (FigXUe 3a). IQ DURVRShiOa RRc\WeV acWiQ aVVRciaWeV ZiWh RNA

PRO\PeUaVe II (RNAPII) RQ geQe bRdieV Rf acWiYeO\ WUaQVcUibed geQeV 80, ZheUeaV VSecific acWiQ

aVVRciaWiRQ ZiWh chURPaWiQ iQ PaPPaOiaQ ceOOV aZaiWV dePRQVWUaWiRQ. NXcOeaU acWiQ OeYeOV aUe

d\QaPicaOO\ UegXOaWed b\ fRUce, aQd decUeaVed QXcOeaU acWiQ RbVeUYed iV iQ UeVSRQVe WR

VXbVWUaWe VWUeWchiQg. HeUe, fRUPaWiRQ Rf a WighW SeUiQXcOeaU acWiQ UiQg OeadV WR a decUeaVe iQ

RNAPII WUaQVcUiSWiRQaO eORQgaWiRQ, VXbVeTXeQWO\ aOORZiQg HiVWRQe 3 WUi-PeWh\OaWiRQ aW O\ViQe 27

(H3K27Pe3) aW SURPRWeUV WR ViOeQce eSideUPaO diffeUeQWiaWiRQ geQeV 58. SigQaOV fURP Whe ECM

VXbVWUaWe caQ aOVR UedXce QXcOeaU acWiQ OeYeOV, VXSSUeVViQg WUaQVcUiSWiRQ aQd SURPRWiQg

TXieVceQce iQ PaPPaU\ eSiWheOiaO ceOOV 82. ThiV VigQaOiQg a[iV iV diVUXSWed iQ hXPaQ bUeaVW

caQceU ceOOV UeVXOWiQg iQ cRQWiQXRXV SUROifeUaWiRQ 76. WheWheU WhiV OaPiQiQ 111-deSeQdeQW effecW iV

Rf PechaQicaO RU biRchePicaO QaWXUe UePaiQV WR be iQYeVWigaWed.

G-acWiQ haV beeQ aOVR ideQWified aV a VWUXcWXUaO cRPSRQeQW aQd aOORVWeUic UegXOaWRU Rf

VeYeUaO chURPaWiQ UePRdeOiQg cRPSOe[eV iQcOXdiQg IQR80, SWI/SNF aQd TiS60/NXA4 83,84

(FigXUe 3a). ChURPaWiQ UePRdeOiQg cRPSOe[eV cRQWURO chURPaWiQ acceVVibiOiW\ fRU UeSOicaWiRQ,

WUaQVcUiSWiRQ, aQd DNA daPage UeSaiU. FXQcWiRQaOO\, Whe G-acWiQ-cRQWaiQiQg VWUXcWXUaO PRdXOeV

SaUWiciSaWe iQ aOORVWeUic cRQWURO Rf Whe PRWRU VXbXQiW Rf Whe cRPSOe[eV. IQdeed ȕ-acWiQ-QXOO PRXVe

ePbU\RQic fibURbOaVWV diVSOa\ UedXced chURPaWiQ aVVRciaWiRQ aQd acWiYiW\ Rf Whe ATPaVe VXbXQiW

Rf Whe BAF cRPSOe[ aQd VhRZ defecWV iQ geQe e[SUeVViRQ 85±87. CXUiRXVO\, WheVe cRPSOe[eV aOVR

cRQWaiQ aQ addiWiRQaO acWiQ-Oike VXbXQiW, ACTL6A RU BAF53, ZiWh QR kQRZQ c\WRVkeOeWaO fXQcWiRQ,

VXggeVWiQg eYROXWiRQ Rf a dedicaWed facWRU WhaW PighW UeWaiQ RQO\ Whe WUaQVcUiSWiRQ-aVVRciaWed

fXQcWiRQV Rf acWiQ iQ WhiV cRQWe[W. WheWheU WheVe fXQcWiRQV Rf acWiQ aQd/RU Rf ACTL6A aUe

iPSacWed b\ d\QaPic UegXOaWiRQ Rf QXcOeaU acWiQ, aQd WhXV cRXOd SRWeQWiaOO\ be

PechaQRVeQViWiYe, UePaiQV aQ iPSRUWaQW RSeQ TXeVWiRQ.

AOVR Whe WaYe RegXOaWRU\ CRPSOe[ (WRC) aQd AUS2/3 cRPSOe[eV, aV ZeOO aV ceUWaiQ

P\RViQ PRWRU SURWeiQV, haYe beeQ OiQked WR WUaQVcUiSWiRQ RU WUaQVcUiSWiRQ-UeOaWed SURceVVeV,

iQdicaWiQg a UROe fRU QXcOeaU F-acWiQ iQ WUaQVcUiSWiRQaO UegXOaWiRQ 88±90. SXch F-acWiQ-PediaWed

WUaQVcUiSWiRQaO SURceVVeV iQcOXde UeacWiYaWiRQ Rf Whe RWheUZiVe ViOeQced OFW4 SOXUiSRWeQc\ geQe

dXUiQg RRc\We-PediaWed QXcOeaU UeSURgUaPPiQg Rf VRPaWic QXcOei 91±93.

TakeQ WRgeWheU WheVe fiQdiQgV iQdicaWe WhaW Whe d\QaPic cRPPXQicaWiRQ beWZeeQ Whe

c\WRSOaVPic aQd QXcOeaU acWiQ SRROV caQ WUaQVPiW iQfRUPaWiRQ fURP Whe e[WUaceOOXOaU eQYiURQPeQW

iQWR Whe QXcOeXV (FigXUe 3a). FXUWheU VWXdieV aUe Qeeded WR eVWabOiVh Whe biRchePicaO baViV Rf

acWiQ-PediaWed WUaQVcUiSWiRQaO UegXOaWiRQ, aQd Whe UROe Rf acWiQ d\QaPicV iQ fXQcWiRQaO UegXOaWiRQ

Rf chURPaWiQ UePRdeOiQg cRPSOe[eV. AdYaQceV iQ WhiV fieOd UeTXiUeV deYeORSPeQW Rf WRROV WR

beWWeU diVVecW Whe caXVaWiYe UeOaWiRQVhiSV beWZeeQ cR-RccXUUiQg UegXOaWiRQ Rf Whe WUaQVcUiSWiRQaO

https://www.zotero.org/google-docs/?LnWy6o
https://www.zotero.org/google-docs/?jicxC0
https://www.zotero.org/google-docs/?F6Tbfn
https://www.zotero.org/google-docs/?I7K3se
https://www.zotero.org/google-docs/?AtOhof
https://www.zotero.org/google-docs/?buWcXD
https://www.zotero.org/google-docs/?tnokcx
https://www.zotero.org/google-docs/?Uy6Uyb
https://www.zotero.org/google-docs/?dpo74q


PachiQeU\, TF acWiYiW\, aQd chURPaWiQ UePRdeOOiQg iQ UeVSRQVe WR chaQgeV iQ acWRP\RViQ

d\QaPicV.

The SRF/MRTF V\VWeP aQd WUaQVcUiSWiRQaO UeiQfRUcePeQW Rf ceOO-ECM

adheViRQ aQd acWRP\RViQ.

The VecRQd PaiQ PechaQiVP b\ Zhich acWiQ UegXOaWeV geQe e[SUeVViRQ iV b\ cRQWUROOiQg Whe

aVVePbO\ Rf SRF/MRTF [G] TF cRPSOe[eV (FigXUe 3b). SRF caQ aVVRciaWe ZiWh diffeUeQW

WUaQVcUiSWiRQaO cR-acWiYaWRUV VXch aV TCFV [G] aQd MRTFV [G] iQ UeVSRQVe WR ERK VigQaOiQg aQd

RHO GTPaVe [G] acWiYiW\, UeVSecWiYeO\ 94±98. SRF/MRTF WUaQVcUiSWiRQaO cRPSOe[eV PediaWe geQe

acWiYaWiRQ b\ eiWheU faciOiWaWiQg RNAPII UecUXiWPeQW, RU SURPRWeU eVcaSe Rf SUe-ORaded RNAPII,

deSeQdiQg RQ Whe geQRPic cRQWe[W 99. G-acWiQ diUecWO\ biQdV WR aQd iQhibiWV MRTFV, VR WhaW XSRQ

RHO acWiYaWiRQ aQd c\WRSOaVPic F-acWiQ SRO\PeUi]aWiRQ (aQd VXbVeTXeQW a dURS iQ fUee G-acWiQ

OeYeO) MRTFV aUe VeW fUee WR biQd SRF 100. EYideQce aOVR iQdicaWeV a VSecific UROe fRU Whe QXcOeaU

F-acWiQ SRRO iQ Whe UegXOaWiRQ Rf SRF/MRTF 75,101,102. USRQ higheU dePaQd Rf F-acWiQ (e.g. dXe WR

iQcUeaVed PRWiOiW\ RU iQ UeVSRQVe WR PechaQicaO VWUeVV), Whe SRF/MRTF V\VWeP iV acWiYaWed aQd

SURPRWeV e[SUeVViRQ ECM, ceOO-ECM adheViRQ aQd c\WRVkeOeWaO geQeV WR faciOiWaWe a feedback

PechaQRadaSWaWiRQ [G] 103±109. ThiV ceQWUaO UROe Rf SRF iQ UegXOaWiQg WUaQVcUiSWiRQ Rf c\WRVkeOeWaO

aQd ECM cRPSRQeQWV aQd PechaQRadaSWaWiRQ iV aOVR iPSRUWaQW fRU eSideUPaO hRPeRVWaViV aQd

VkiQ baUUieU fXQcWiRQ 110±114, aQd iQ eQdRWheOiaO ceOOV WR SURPRWe YeVVeO gURZWh aQd PaWXUaWiRQ
115±117. FiQaOO\, SRF caQ addiWiRQaOO\ OiQk PechaQicaO cXeV WR Whe UegXOaWiRQ Rf ceOO SUROifeUaWiRQ

aQd diffeUeQWiaWiRQ, Zhich deSeQdV RQ a baOaQce beWZeeQ TCFV aQd MRTFV 118±121. The

SRF/MRTF V\VWeP WhXV UeOa\V chaQgeV iQ e[WUaceOOXOaU fRUceV aQd c\WRVkeOeWaO acWiQ d\QaPicV

iQWR Whe QXcOeXV (FigXUe 3b).

The YAP/TAZ cRacWiYaWRUV aV a ³PechaQicV WR biRORg\´ WUaQVdXcWiRQ

PRdXOe.

ChaQgeV iQ Whe acWRP\RViQ c\WRVkeOeWRQ aOVR PRdXOaWe Whe acWiYiW\ Rf Whe XbiTXiWRXVO\

e[SUeVVed SaUaORgRXV facWRUV YAP aQd TAZ WhaW SOa\ a ceQWUaO UROe iQ UegXOaWiRQ Rf WUaQVcUiSWiRQ

dRZQVWUeaP Rf PechaQicaO fRUce, iQcOXdiQg ceOO geRPeWU\, ECM VWiffQeVV, VWUeWchiQg aQd VheaU

VWUeVV 122,123 (FigXUe 3c). YAP/TAZ d\QaPicaOO\ VhXWWOe beWZeeQ Whe c\WRSOaVP aQd Whe QXcOeXV iQ

UeVSRQVe WR PXOWiSOe iQSXWV iQcOXdiQg Whe HiSSR SaWhZa\, a kiQaVe caVcade WhaW cRQWUROV WiVVXe

aQd RUgaQ Vi]e acURVV aQiPaOV, aQd WheiU VXbceOOXOaU ORcaOi]aWiRQ aSSUR[iPaWeV WheiU

WUaQVcUiSWiRQaO acWiYiW\. IQ Whe QXcOeXV, YAP aQd TAZ acW aV WUaQVcUiSWiRQaO cRacWiYaWRUV aQd biQd
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Whe TEAD faPiO\ Rf TFV (TEAD1-4). MRUeRYeU, Whe YAP/TEAD cRPSOe[eV caQ iQWeUacW ZiWh

addiWiRQaO TF cRPSOe[eV WhaW biQd DNA iQ Whe YiciQiW\ Rf TEADV iQcOXdiQg AP1, SRF/MRTF, E2F

aQd M\c WhaW cRRSeUaWe ZiWh YAP/TEAD, RU TRPS1 WhaW daPSeQV YAP/TEAD-UegXOaWed

chURPaWiQ UePRdeOiQg aQd WUaQVcUiSWiRQ. YAP/TEAD cRPSOe[eV aUe fRXQd SUefeUeQWiaOO\ aW diVWaO

VXSeU-eQhaQceU eOePeQWV, aQd UegXOaWe WUaQVcUiSWiRQ b\ UecUXiWiQg Whe MediaWRU aQd BRD4

eSigeQeWic cRacWiYaWRUV WR dUiYe RNAPII acWiYiW\ aW SUR[iPaO SURPRWeUV 124.

The ³PechaQRVeQViWiYe´ cRQWURO Rf YAP/TAZ iV aQ iQWegUaO SaUW Rf Whe PechaQiVPV WhaW

cRRUdiQaWe ORcaO ceOO gURZWh ZiWh gORbaO WiVVXe Vi]e VXch aV cRQWacW iQhibiWiRQ Rf gURZWh [G] 125±127,

ceOO cRPSeWiWiRQ [G] ZiWhiQ eSiWheOia 128±135, Whe UeceQWO\ SURSRVed ³OaWeUaO iQhibiWiRQ´ RU ³OeadeU

VeOecWiRQ´ SURceVV 136,137, aQd cRPSeQVaWRU\ WiVVXe gURZWh iQ UeVSRQVe WR PechaQicaO e[SaQViRQ
110. YAP/TAZ UeVSRQd WR F-acWiQ, UaWheU WhaQ WR G-acWiQ, iQ a PaQQeU Zhich iV OaUgeO\ iQdeSeQdeQW

Rf Whe W\Se Rf adheViYe ECM OigaQdV aQd iQWegUiQV iQYROYed, bXW deSeQdeQW RQ Whe

PechaQRVeQViWiYe TaOiQ1/2 SURWeiQV 122,123,138,139. VaUiRXV PechaQiVPV WR cRQWURO YAP

PechaQRacWiYaWiRQ haYe beeQ SURSRVed, aQd Whe\ OikeO\ acW iQ SaUaOOeO. TheVe iQcOXde Whe

UegXOaWiRQ Rf LATS1/2 kiQaVeV dRZQVWUeaP Rf Whe RAP2 VPaOO GTPaVe, Rf Whe QXcOeaU

acWiQ-biQdiQg ARID1A SURWeiQ, aQd Rf QXcOeaU SRUe SeUPeabiOiW\ 38±40,140±142 (FigXUe 3c).

IQWeUeVWiQgO\, ceOOV dR QRW RQO\ SaVViYeO\ UeVSRQd WR e[WUaceOOXOaU fRUceV, bXW caQ acWiYeO\

WXQe Whe c\WRVkeOeWaO UeVSRQVe WR e[WUaceOOXOaU fRUceV aQd Whe eQVXiQg YAP/TAZ acWiYaWiRQ. Ke\

facWRUV iQYROYed iQ WhiV feedback WXQiQg SURceVV aUe Whe F-acWiQ caSSiQg aQd VeYeUiQg SURWeiQV

CAPZ, CRfiOiQ1/2 aQd GeOVROiQ, Whe fRcaO adheViRQ cRPSRQeQW CCM3 (CeUebUaO CaYeUQRXV

MaOfRUPaWiRQ 3, aOVR kQRZQ aV PDCD10), aQd Whe F-acWiQ bXQdOiQg SURWeiQ FaVciQ1 125,143±146.

RegXOaWed e[SUeVViRQ Rf WheVe c\WRVkeOeWaO facWRUV b\ RQcRgeQeV SURYideV WUaQVfRUPed ceOOV

ZiWh a ceOO-aXWRQRPRXV [G] PechaQiVP WR RYeUcRPe a VRfW, WXPRU-VXSSUeVViYe PechaQicaO

PicUReQYiURQPeQW 144,147.

SiPiOaU WR SRF/MRTF, aOVR YAP/TAZ VigQaOiQg feedV back iQWR Whe e[SUeVViRQ Rf

c\WRVkeOeWaO geQeV, faciOiWaWiQg PechaQRadaSWaWiRQ 148±151. HRZeYeU, YAP/TAZ diffeU fURP Whe

MRTF/SRF V\VWeP aV Whe\ WUaQVOaWe PechaQicaO iQSXWV iQWR bURadeU biRORgicaO UeVSRQVeV.

IQdeed YAP/TAZ cRPPXQicaWe Whe degUee Rf e[WUaceOOXOaU fRUceV, aQd Whe cRUUeVSRQdiQg

degUee Rf iQWUaceOOXOaU WeQViRQ, WR Whe QXcOeXV WR UegXOaWe SUROifeUaWiRQ, aSRSWRViV, diffeUeQWiaWiRQ

aQd WheiU aVVRciaWed PeWabROic SaWhZa\V 122,152. ThXV, Whe UeOeYaQce Rf Whe PechaQicaOO\

UegXOaWed YAP/TAZ WUaQVcUiSWiRQaO UeVSRQVe aSSeaUV ZideVSUead aQd VSaQV a OaUge QXPbeU Rf

RUgaQ V\VWePV iQ Sh\ViRORgicaO aQd SaWhRORgicaO VceQaUiRV.

IQ addiWiRQ WR MRTF/SRF aQd YAP/TAZ a QXPbeU Rf RWheU TFV haYe beeQ VhRZQ iQ

ceUWaiQ ciUcXPVWaQceV WR diVSOa\ PechaQRVeQViWiYiW\ (VXPPaUi]ed iQ TabOe 1). HRZeYeU, Whe
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Sh\ViRORgicaO UeOeYaQce Rf WheVe SaWhZa\V iV PRUe VSecific RU UePaiQV WR be dePRQVWUaWed.

BeORZ Ze ZiOO diVcXVV Whe PRVW SURPiQeQW e[aPSOeV Rf Sh\ViRORgicaOO\-UeOeYaQW

PechaQRVeQViWiYe WUaQVcUiSWiRQaO SaWhZa\V fRU Zhich iQ YiYR geQeWic eYideQce haV beeQ

SURYided, RU Zhich RccXU iQ WiVVXeV/RUgaQV WhaW haYe beeQ VhRZQ WR diVSOa\

Sh\ViRORgicaOO\-UeOeYaQW PechaQRUeVSRQVeV.

MechaQRVeQViWiYe WUaQVcUiSWiRQ dXUiQg deYeORSPeQW

aQd iQ VWeP ceOOV
DXUiQg deYeORSPeQW, ceOO faWe QeedV WR be WighWO\ cRRUdiQaWed ZiWh ceOO PRUShRORg\ aQd SRViWiRQ.

IQ addiWiRQ, PRUShRgeQeWic PRYePeQWV geQeUaWe d\QaPic VWUeWchiQg aQd cRPSUeVViRQ fRUceV aV

ZeOO aV chaQgeV iQ WiVVXe cXUYaWXUe 1±3. ThXV, iW haV beeQ ORQg VSecXOaWed WhaW chaQgeV iQ fRUceV

aQd ceOO PRUShRORgieV cRXOd iPSacW TF acWiYiW\ WR SURYide a feedback cRQWURO Rf deYeORSPeQW.

AOWhRXgh Whe diUecW OiQk beWZeeQ PechaQicaO fRUceV aQd Whe WUaQVcUiSWiRQaO UeVSRQVe

dRZQVWUeaP Rf Whe TFV VWiOO QeedV WR be dePRQVWUaWed iQ PRVW caVeV, geQe kQRckRXW VWXdieV Rf

PechaQRVeQViWiYe TFV haYe UeYeaOed eVVeQWiaO UROeV fRU WheVe SaWhZa\V iQ deYeORSPeQW.

TiVVXe defRUPaWiRQ, ceOO-ceOO WeQViRQ aQd Whe UegXOaWiRQ Rf ȕ-CaWeQiQ.

A QXPbeU Rf LQ YLYR VWXdieV dePRQVWUaWe Whe UROe Rf PechaQicaO UegXOaWiRQ Rf Whe WNT/ȕ-CaWeQiQ

SaWhZa\ iQ cRXSOiQg PRUShRgeQeWic PRYePeQWV aQd WUaQVcUiSWiRQaO UegXOaWiRQ. IQ DURVRShiOa

ePbU\RV, WiVVXe cRPSUeVViRQ UeVcXeV e[SUeVViRQ Rf Whe TZiVW PeVRdeUP TF iQ PXWaQWV ZiWh

defecWiYe PRUShRgeQeWic PRYePeQWV 153 (FigXUe 4a). BXiOd-XS Rf WiVVXe WeQViRQ UeVXOWV iQ SUc

acWiYaWiRQ, OeadiQg WR ShRVShRU\OaWiRQ Rf ȕ-CaWeQiQ WR faciOiWaWe iWV UeOeaVe fURP ceOO-ceOO

adheViRQV fRU QXcOeaU eQWU\ 154,155. NXcOeaU ȕ-CaWeQiQ acWV aV a WUaQVcUiSWiRQaO cRacWiYaWRU fRU

TCF/LEF TF, aQd iV PaiQO\ UegXOaWed b\ Whe WNT SaWhZa\ 156. The cRacWiYaWRU fXQcWiRQ Rf

ȕ-CaWeQiQ deSeQdV RQ UecUXiWPeQW Rf PXOWiSOe WUaQVcUiSWiRQaO aQd chURPaWiQ UegXOaWRU\ facWRUV
157,158. TeQViRQ-PediaWed UegXOaWiRQ Rf ȕ-CaWeQiQ aOVR RSeUaWeV iQ YeUWebUaWe ePbU\RV dXUiQg

PeVRdeUP iQdXcWiRQ aV ZeOO aV iQ Whe PRXVe iQWeVWiQaO eSiWheOiXP 159,160, aQd haV beeQ RbVeUYed

iQ Whe VkiQ Rf Pice RYeUe[SUeVViQg acWiYe RhR kiQaVe (ROCK) 161. IQ hXPaQ SOXUiSRWeQW VWeP

ceOOV, a VRfW ECM SURPRWeV Whe fRUPaWiRQ Rf ceOO-ceOO jXQcWiRQV WhaW fXQcWiRQ aV a ³UeVeUYRiU´ fRU

WNT-iQdXced ȕ-CaWeQiQ acWiYaWiRQ, VR WhaW XSRQ ORcaOi]ed high ceOO-ceOO WeQViRQ ȕ-CaWeQiQ caQ

be ORcaOO\ acWiYaWed WR dUiYe PeVRdeUP VSecificaWiRQ 162,163. The SUeciVe PechaQicaO iQSXW dUiYiQg

VXch acWiYaWiRQ UePaiQV eOXViYe, aOVR becaXVe Rf cRQfOicWiQg VWXdieV ZheUe ȕ-CaWeQiQ iV VhRZQ
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QRW WR be UeOeaVed bXW UecUXiWed WR VWabiOi]e Whe jXQcWiRQV iQ UeVSRQVe WR WeQViRQ 164. OQ Whe RWheU

haQd, PechaQicaO VWUeWch iQ eQdRWheOiaO ceOOV caQ XQPaVk a ShRVShRU\OaWiRQ ViWe RQ VE-cadheUiQ

WhaW iV QRUPaOO\ PaVked b\ ȕ-CaWeQiQ biQdiQg, eQabOiQg iQcUeaVed WXUQRYeU Rf ceOO-ceOO adheViRQV
165. ThXV, a SRVVibOe UecRQciOiaWiRQ Rf WheVe diffeUeQW fiQdiQgV iV WhaW Whe abiOiW\ Rf ceOO-ceOO WeQViRQ

WR UeOeaVe aQd acWiYaWe ȕ-CaWeQiQ deSeQdV RQ ceOO-W\Se VSecific ceOO-ceOO adheViRQ d\QaPicV 166,

aQd iQ ceOOV ZiWh PRUe d\QaPic, XQVWabOe adheViRQV VXch aV eQdRWheOiaO ceOOV, WeQViRQ OeadV WR

adheViRQ diVaVVePbO\ aQd ȕ-CaWeQiQ UeOeaVe 167, ZheUeaV iQ ceOOV ZiWh VWabOe adheViRQV VXch aV

eSiWheOiaO ceOOV, WeQViRQ UeWaiQV ȕ-CaWeQiQ aW jXQcWiRQV 164, UeVXOWiQg iQ RSSRViQg WUaQVcUiSWiRQaO

RXWcRPeV.

YAP/TAZ PechaQRWUaQVdXcWiRQ iQ VWeP ceOO UegXOaWiRQ.

YAP/TAZ SURPRWe ceOO SUROifeUaWiRQ iQ PXOWiSOe ceOO W\SeV, iQcOXdiQg WeUPiQaOO\ diffeUeQWiaWed ceOOV

ZheQ RYeUe[SUeVVed. The ceOO c\cOe Ue-eQWU\ Rf WeUPiQaOO\ diffeUeQWiaWed ceOOV iV RfWeQ OiQked WR

ceOO de-diffeUeQWiaWiRQ, Zhich haV VXggeVWed a UROe fRU YAP/TAZ iQ UegXOaWiQg VWeP ceOOV. SWXdieV

iQ adXOW Pice haYe iQdicaWed WhaW YAP/TAZ aUe iPSRUWaQW iQ Whe cRQWe[W Rf ³ePeUgeQc\´ VWeP ceOO

acWiYaWiRQ fRU WiVVXe UegeQeUaWiRQ afWeU daPage, UaWheU WhaQ fRU hRPeRVWaWic VWeP ceOO UeQeZaO
124,168±170. IQ hXPaQ VWeP ceOOV YAP acWiYaWiRQ caQ faYRU UeSURgUaPPiQg WR Whe QaiYe SOXUiSRWeQW

VWaWe aQd WheiU diffeUeQWiaWiRQ, bXW iWV UeTXiUePeQW fRU hPSC VeOf-UeQeZaO iV UaWheU OiPiWed 150,171,172.

ThiV Pa\ UefOecW Whe Sh\ViRORgicaO fXQcWiRQ Rf YAP/TAZ iQ Whe cRQWe[W Rf Whe eaUO\ PRXVe ePbU\R,

ZheUe YAP/TAZ SURPRWe diffeUeQWiaWiRQ Rf Whe WURShecWRdeUP [G] RU WURShRbOaVW VWeP ceOO faWe,

ZheUe Whe\ aUe acWiYe iQ UeVSRQVe WR ROCK aQd WiVVXe WeQViRQ, bXW dR QRW cRQWURO Whe SOXUiSRWeQW

iQQeU ceOO PaVV [G] faWe, ZheUe Whe\ aUe acWiYeO\ iQhibiWed b\ Whe HiSSR SaWhZa\ 173±178. IQdeed,

ZhiOe <DS1-deficieQW PRXVe ePbU\RV aUUeVW aURXQd E8.5 dXe WR VeYeUe ePbU\RQic aQd

e[WUaePbU\RQic defecWV 179, aQd TD] (RU ::TR1)-deficieQW ePbU\RV aUe YiabOe bXW deYeORS

PXOWic\VWic kidQe\ diVeaVe dXUiQg deYeORSPeQW aQd UaUeO\ VXUYiYe WR adXOWhRRd 180±182, dRXbOe

kQRckRXW ePbU\RV die aW Whe PRUXOa VWage, iQdicaWiQg WhaW YAP aQd TAZ aUe UedXQdaQW bXW

cROOecWiYeO\ eVVeQWiaO fRU YeU\ eaUO\ ePbU\RgeQeViV 176.

E[SORiWiQg PechaQR-UeVSRQViYe WUaQVcUiSWiRQ fRU UegeQeUaWiYe PediciQe.

IQ addiWiRQ WR cUiWicaO UROeV iQ PRUShRgeQeViV, PechaQicV Rf Whe ceOO PicUReQYiURQPeQW haYe

SURfRXQd effecWV RQ H[ YLYR VWeP ceOO aPSOificaWiRQ aQd LQ YLYR eQgUafWPeQW 183±186. IQ Whe caVe Rf

iQWeVWiQaO RUgaQRidV [G] RU iQWeVWiQaO iQjXU\ iQ Pice, a VWiff ECM SURPRWeV VWeP ceOO e[SaQViRQ

aQd UegeQeUaWiYe VWeP ceOO UeSURgUaPPiQg WhURXgh YAP/TAZ 187,188. AQRWheU e[aPSOe iV Whe
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PechaQR-chePicaO UegXOaWiRQ Rf PeVeQch\PaO VWeP ceOO diffeUeQWiaWiRQ RQ VWiff VXbVWUaWa, Zhich

RccXUV b\ UegXOaWiQg YAP/TAZ aQd RARG 31,33,123,146,189±191. ThiV VigQaOiQg a[iV iV OikeO\ Rf

Sh\ViRORgicaO UeOeYaQce, aV PRdXOaWiRQ Rf ECM UigidiW\ RU acWRP\RViQ cRQWUacWiOiW\ aOWeU

PeVeQch\PaO VWeP ceOO diffeUeQWiaWiRQ WUajecWRUieV aOVR LQ YLYR 192,193. TheVe fiQdiQgV haYe

WUiggeUed iQWeUeVW iQ e[SORUiQg Whe dUXggabiOiW\ Rf Whe ECM-YAP/TAZ-WUaQVcUiSWiRQ a[iV, aQd VRPe

VWXdieV haYe XVed acWRP\RViQ iQhibiWRU\ dUXgV WR VhXW dRZQ XQZaQWed YAP/TAZ acWiYiW\ WR

eQabOe Whe LQ YLWUR diffeUeQWiaWiRQ Rf SaQcUeaWic ȕ-ceOOV 194±197 (FigXUe 4b). CRQYeUVeO\, Whe

aYaiOabiOiW\ Rf VPaOO-PROecXOe cRPSRXQdV WR acWiYaWe YAP/TAZ 198±200 Pa\ eQabOe a PRUe efficieQW

e[SaQViRQ Rf VWeP ceOOV fURP SaWieQWV affecWed b\ geQeWic deficieQcieV iQ ceOO-ECM adheViRQ

UeceSWRUV 201±203. ThXV, Whe UegXOaWiRQ Rf ECM PechaQRWUaQVdXcWiRQ aQd Whe aVVRciaWed

WUaQVcUiSWiRQaO UeVSRQVeV beaUV gUeaW SRWeQWiaO iQ Whe cRQWe[W Rf UegeQeUaWiYe PediciQe [G],

aOWhRXgh Whe abiOiW\ WR WaUgeW VXch a SOeiRWURSic PechaQiVP WR dUXg VSecific

PechaQRWUaQVdXcWiRQ SURceVVeV ZhiOe aYRidiQg XQZaQWed Vide effecWV UePaiQV a ke\ chaOOeQge

iQ Whe fieOd.

The caUdiRYaVcXOaU V\VWeP aV SaUadigP fRU

PechaQicaO fRUce-PediaWed WUaQVcUiSWiRQaO UegXOaWiRQ
The Sh\ViRORgicaO UeOeYaQce Rf fRUce-PediaWed WUaQVcUiSWiRQaO cRQWURO iV SURbabO\ PRVW ZeOO

XQdeUVWRRd iQ Whe caUdiRYaVcXOaU V\VWeP, WhXV VeUYiQg aV aQ e[ceOOeQW SaUadigP fRU highOighWiQg

Whe iQ YiYR eYideQce fRU PechaQRVigQaOiQg. TaQgeQWiaO VheaU fRUceV aVVRciaWed ZiWh bORRd fORZ

aQd VeQVed b\ eQdRWheOiaO ceOOV (ECV) aUe PajRU deWeUPiQaQWV Rf YaVcXOaU PRUShRgeQeViV

dXUiQg deYeORSPeQW, aQd Rf YaVcXOaU UePRdeOOiQg dXUiQg adXOW Oife. MRUeRYeU, YaUiaWiRQV iQ Whe

PagQiWXde aQd SaWWeUQ Rf bORRd fORZ caQ cRQWUibXWe WR iQfOaPPaWRU\ UeVSRQVeV aQd WR diVeaVe.

AV ZiWh RWheU PechaQicaO iQSXWV, WheVe UeVSRQVeV eQWaiO bRWh PRUShRORgicaO aQd c\WRVkeOeWaO

UeaUUaQgePeQWV, aQd Whe PRdXOaWiRQ Rf TF acWiYiW\ 9,204 (FigXUe 4c).

PURWecWiYe effecWV Rf high OaPiQaU fORZ.

High OaPiQaU fORZ gXideV aQgiRgeQeViV dXUiQg deYeORSPeQW, VWabiOi]eV YeVVeOV, SURPRWeV Whe

aOigQPeQW Rf ECV iQ Whe diUecWiRQ Rf fORZ, decUeaVeV EC WXUQRYeU, VXSSUeVVeV iQfOaPPaWiRQ aQd

acWiYaWeV aQWiR[idaQW SaWhZa\V, SUeYeQWiQg Whe fRUPaWiRQ Rf aWheURVcOeURWic SOaTXeV (FigXUe 4c).

OQ Whe OeYeO Rf iQWUaceOOXOaU VigQaOiQg, high OaPiQaU fORZ SURPRWeV Whe acWiYaWiRQ Rf Whe NRF2 TF.

NRF2 UegXOaWeV WUaQVcUiSWiRQ b\ fRUPiQg heWeURdiPeUV ZiWh PePbeUV Rf Whe VMaf SURWeiQ faPiO\,
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aQd iV acWiYaWed b\ R[idaWiYe VWUeVV. CRQVeTXeQWO\, Whe PaiQ WUaQVcUiSWiRQaO WaUgeWV Rf NRF2 aUe

aQWiR[idaQW SURWecWiYe geQeV 205,206. AcWiYaWiRQ Rf NRF2 b\ bORRd fORZ QRW RQO\ ePSRZeUV

eQdRWheOiaO ceOO aQWiR[idaQW PeWabROiVP, bXW aOVR VXSSUeVVeV iQfOaPPaWiRQ. ThiV

aQWi-iQfOaPPaWRU\ UeVSRQVe deSeQdV RQ Whe WUaQVPiVViRQ Rf VheaUiQg fRUceV b\ Whe gO\cRcaO\[,

eQWaiOV Whe acWiYaWiRQ Rf PI3K/AKT aQd Whe SURdXcWiRQ Rf PiWRchRQdUiaO ROS, aQd iV PRdXOaWed

b\ COX2 acWiYiW\ aQd SURVWagOaQdiQV 207±213.

High OaPiQaU fORZ aOVR SURPRWeV Whe acWiYaWiRQ Rf ERK5, Zhich iQdXceV Whe acWiYiW\ Rf Whe

MEF2 TF aQd chURPaWiQ aceW\OaWiRQ, OeadiQg WR iQcUeaVed e[SUeVViRQ Rf KLF2 214±218. ThiV

iQdXcWiRQ iV fXUWheU UeiQfRUced b\ fORZ-UegXOaWed e[SUeVViRQ Rf PLR-92D 219. KLF2 iV a TF ZhRVe

eOeYaWed e[SUeVViRQ iQ UeVSRQVe WR fORZ cRRUdiQaWeV Whe e[SUeVViRQ Rf YaVRacWiYe cRPSRXQdV

WhaW VigQaO WR VPRRWh PXVcOe ceOOV WR PaiQWaiQ Whe YaVcXOaU WRQe, aQd aOVR SUiPeV Whe e[SUeVViRQ

Rf NRF2 220±222.

FOXid VheaU VWUeVVeV caQ aOVR UegXOaWe geQe e[SUeVViRQ WhURXgh NRWch. TeQViRQ acURVV

Whe DeOWa/NRWch VigQaOiQg cRPSOe[ aW ceOO-ceOO cRQWacWV faciOiWaWeV iWV SURWeRO\Wic cOeaYage aQd Whe

UeOeaVe Rf Whe NRWch iQWUaceOOXOaU dRPaiQ (NICD), Zhich acWV aV QXcOeaU cRacWiYaWRU fRU Whe RBPJ

DNA-biQdiQg facWRU 223±228. ThiV PechaQiVP iV UeOeYaQW fRU Whe UegiRQaO VSecificaWiRQ Rf Whe

eQdRWheOiXP dXUiQg deYeORSPeQW, fRU Whe cURVV-WaOk ZiWh YaVcXOaU VPRRWh PXVcOe ceOOV, aQd fRU

Whe fRUPaWiRQ Rf Whe heaUW VWUXcWXUeV 229±235. IQWeUeVWiQgO\, acWiYaWiRQ Rf NRWch deSeQdV RQ Whe

e[WeQW aQd WXggiQg fRUce Rf ceOO-ceOO cRQWacWV iQ eSiWheOiaO ceOOV 236±239, VXggeVWiQg Whe iQWeUeVWiQg

SRVVibiOiW\ WhaW fRUceV beWZeeQ adjaceQW ceOOV iQ a PRQROa\eU caQ aOVR UegXOaWe NRWch.

AOVR Whe UegXOaWiRQ Rf YAP/TAZ b\ PechaQicaO cXeV iV iPSRUWaQW fRU adjXVWiQg EC

SUROifeUaWiRQ 123,240,241, dXUiQg Whe PaiQWeQaQce Rf WiVVXe VWiffQeVV hRPeRVWaViV 242, aQd dXUiQg

deYeORSPeQWaO VSURXWiQg aQgiRgeQeViV [G] ZheUe YAP/TAZ aUe UeTXiUed fRU Whe PaWXUaWiRQ Rf Whe

YaVcXOaU baUUieU aQd fRU diUecW aQgiRgeQeViV aORQg a WiVVXe VWiffQeVV gUadieQW 243±247. IQ WhiV

cRQWe[W, YAP/TAZ cR-RSeUaWe ZiWh Whe WZR aQWagRQiVWic TFV TFII-I (aOVR kQRZQ aV GTF2I) aQd

GATA2 WR UegXOaWe Whe e[SUeVViRQ Rf Whe ke\ aQgiRgeQic 9DVFXODU EQGRWKHOLDO FDFWRU RHFHSWRU-2

geQe 248.

HRPeRVWaWic UePRdeOiQg iQ UeVSRQVe WR ORZ OaPiQaU fORZ.

WheQ aUWeUieV aUe VXbjecWed WR ORZ OaPiQaU fORZ, a hRPeRVWaWic PechaQiVP UedXceV OXPeQ

diaPeWeU b\ iQZaUd UePRdeOiQg WR UeVWRUe Whe RSWiPaO VheaU VWUeVV (FigXUe 4c). ThiV PechaQiVP

iV baVed RQ Whe cURVV WaOk beWZeeQ WZR SaWhZa\V: aW ORZ VheaU VWUeVV iQWeQViW\, RQO\ SMAD2/3/4

aUe acWiYaWed aQd iQdXce iQZaUd UePRdeOiQg; ZheQ higheU OeYeOV Rf VheaU VWUeVV aUe UeiQVWaOOed,

aOVR Whe ERK5/KLF2 V\VWeP iV acWiYaWed, OeadiQg WR iQhibiWiRQ Rf SMAD2/3 249 . A ViPiOaU

https://www.zotero.org/google-docs/?u51zVz
https://www.zotero.org/google-docs/?TBhLpT
https://www.zotero.org/google-docs/?fULipH
https://www.zotero.org/google-docs/?ELVRsY
https://www.zotero.org/google-docs/?6Osdfs
https://www.zotero.org/google-docs/?whm67H
https://www.zotero.org/google-docs/?6lCsMO
https://www.zotero.org/google-docs/?trZRfG
https://www.zotero.org/google-docs/?yJSkAY
https://www.zotero.org/google-docs/?cSNKrw
https://www.zotero.org/google-docs/?acjrAA
https://www.zotero.org/google-docs/?gWayre
https://www.zotero.org/google-docs/?ovUgyP


cURVV-WaOk aOVR RccXUV fRU Whe SMAD1/5/4 WUaQVcUiSWiRQ cRPSOe[. SMAD1/5/4 iV acWiYaWed iQ

UeVSRQVe WR VheaU VWUeVVeV, dRZQVWUeaP Rf Whe BMP W\Se I UeceSWRU AOk1 aQd Rf iWV cRUeceSWRU

EQdRgOiQ 250±252. ThiV iV UeOeYaQW fRU Whe VWabiOi]aWiRQ Rf YeVVeOV b\ fORZ VheaU VWUeVV, aQd

cRQWUibXWeV WR aUWeUiRYeQRXV PaOfRUPaWiRQV RbVeUYed iQ HHT SaWieQWV 250. AW Whe VaPe WiPe,

acWiYaWiRQ Rf KLF2 SUeYeQWV e[ceVViYe BMP VigQaOOiQg, Zhich accRXQWV fRU Whe SURWecWiYe effecWV

Rf high OaPiQaU VheaU VWUeVV agaiQVW YaVcXOaU caOcificaWiRQV 253. TakeQ WRgeWheU, a QXPbeU Rf

WUaQVcUiSWiRQaO UegXOaWRUV aUe acWiYaWed b\ OaPiQaU fORZ WR UegXOaWe YaVcXOaU deYeORSPeQW aQd

hRPeRVWaViV. A cUiWicaO Qe[W VWeS fRU Whe fieOd iV WR XQdeUVWaQd Whe VSecific YeUVXV RYeUOaSSiQg

UROeV Rf WheVe SaWhZa\V aV ZeOO aV Whe PechaQiVPV Rf cURVVWaOk aQd cR-RSeUaWiYiW\ b\ Zhich

WUaQVcUiSWiRQaO VSecificiW\ iQ UeVSRQVe WR VSecific fORZ PagQiWXdeV iV achieYed.

PaWhRORgicaO UROeV Rf PechaQRVeQViWiYe WUaQVcUiSWiRQ

PaWhRORgicaO WUaQVcUiSWiRQaO UeVSRQVeV WR diVWXUbed bORRd fORZ.

NRW RQO\ Whe PagQiWXde Rf VheaU VWUeVV, bXW aOVR Whe W\Se (i.e. diVWXUbed YV. OaPiQaU fORZ) iV a

fXQdaPeQWaO UegXOaWRU Rf eQdRWheOiaO hRPeRVWaViV 254,255. DiVWXUbaQceV iQ fOXid fORZ d\QaPicV

aVVRciaWed ZiWh bUaQchiQg RU WXUQiQg SRiQWV Rf Whe aUWeUiaO WUee faciOiWaWe Whe ePeUgeQce Rf

SaWhRORgicaO SheQRW\SeV iQcOXdiQg ECV PiVaOigQPeQW, SUROifeUaWiRQ, aQd a ORZ OeYeO Rf chURQic

iQfOaPPaWiRQ. ThiV, RYeU ORQg SeUiRdV aQd iQ cRRSeUaWiRQ ZiWh RWheU UiVk facWRUV, SUediVSRVeV WR

fRUPaWiRQ Rf aWheURVcOeURWic SOaTXeV aW VXch UegiRQV (FigXUe 4c). DiVWXUbed fORZ acWiQg RQ Whe

aSicaO VXUface Rf ECV iV WUaQVPiWWed WhURXgh Whe PePbUaQe aQd cRUWicaO c\WRVkeOeWRQ WR ceOO-ceOO

jXQcWiRQV, ZheUe WeQViRQ iV VeQVed b\ a cRPSOe[ beWZeeQ VE-cadheUiQ, PECAM-1 aQd

VEGFR2, aQd WR Whe baVaO VXUface, ZheUe WeQViRQ iV VeQVed aW iQWegUiQ aWWachPeQW ViWeV 256,257.

IQ UeVSRQVe WR WeQViRQ, VeYeUaO VigQaOOiQg PediaWRUV aUe acWiYaWed iQcOXdiQg PI3K, SRC,

PLC/PKC, Whe VPaOO GTPaVe RAC1 aQd NOX. TheVe iQ WXUQ SURPRWe Whe acWiYaWiRQ Rf Whe

NFkaSSaB, AP1 aQd YAP/TAZ TF cRPSOe[eV, UeVXOWiQg iQ Whe SURPRWiRQ Rf SURiQfOaPPaWRU\

geQe e[SUeVViRQ aQd eQhaQciQg SUROifeUaWiRQ 258±263. ThiV Pa\ iQdicaWe YAP/TAZ iQhibiWiRQ aV a

SRWeQWiaO WheUaS\ agaiQVW aWheURVcOeURViV, RU WR QRUPaOi]e YaVcXOaU PaOfRUPaWiRQV iQ HeUediWaU\

HePRUUhagic TeOaQgiecWaVia [G] 264,265.

The iQWeUSOa\ beWZeeQ VheaU VWUeVV aQd ceOO-ECM adheViRQV iQ UegXOaWiQg Whe UeVSRQVe

WR fORZ iV cRPSOe[, becaXVe VSecific ECM OigaQdV WhaW eQgage WheiU VSecific iQWegUiQ UeceSWRUV

caQ haYe RSSRViWe effecWV RQ NFkaSSaB 266. ThiV Pa\ aOVR accRXQW fRU Whe RSSRViWe UegXOaWiRQ Rf

NFkaSSaB iQ UeVSRQVe WR ECM VWiffQeVV RbVeUYed iQ diffeUeQW ceOO W\SeV 267,268. MRUeRYeU,
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WUaQVPiVViRQ Rf WeQViRQ fURP ceOO-ECM aWWachPeQW ViWeV WR Whe QXcOeXV caQ UegXOaWe NFkaSSaB

iQ UeVSRQVe WR ceOO VWUeWchiQg 29,269,270.

A ORRS Rf PechaQRVeQViWiYe WUaQVcUiSWiRQ iQ fibURViV.

A ke\ SaUadigP Rf SaWhRORgicaO PechaQRWUaQVdXcWiRQ iV Whe fibURWic UeVSRQVe [G]. DXUiQg

fibURViV, a VeOf-VXVWaiQiQg ORRS beWZeeQ fibURbOaVW acWiYaWiRQ/SUROifeUaWiRQ aQd ECM

VecUeWiRQ/cRQWUacWiRQ iV ke\ fRU SaWhRORgicaO WiVVXe UePRdeOiQg aQd VWiffeQiQg 8. ThiV ORRS ZaV ke\

WR diVcRYeUiQg hRZ ceOOV ³Uead´ ECM VWiffQeVV b\ deYeORSiQg acWiYe WeQViRQ WR UeViVW e[WUaceOOXOaU

UigidiW\ 12,271. MXOWiSOe PechaQR-VeQViWiYe TFV SaUWiciSaWe iQ WhiV ORRS aQd eVWabOiVh aQ iQWegUaWed

aQd PXOWi-WieUed feed-fRUZaUd V\VWeP (FigXUe 4d).

SeYeUaO daWa iQdicaWe a UROe fRU YAP/TAZ iQ fibURWic UeacWiRQV iQ Pice aQd hXPaQV
45,148,272±275. ThiV YAP/TAZ-dUiYeQ PechaQicaO feedback ORRS aOVR PaiQWaiQV Whe acWiYaWed

P\RfibURbOaVW SheQRW\Se dXUiQg Whe cRQWUacWiRQ PRdeO Rf aOYeROaU fRUPaWiRQ aQd UegeQeUaWiRQ

aQd PediaWe Whe ECM-PediaWed cURVVWaOk beWZeeQ caQceU ceOOV aQd caQceU aVVRciaWed

fibURbOaVWV [G] 146,148,276. AOVR Whe PechaQRadaSWiYe WUaQVcUiSWiRQaO fXQcWiRQ Rf SRF iQ SURPRWiQg

WUaQVcUiSWiRQ Rf c\WRVkeOeWaO aQd ECM geQeV SOa\V a ke\ UROe dXUiQg fibURViV, aQd iV aPSOified iQ

fibURWic diVeaVe. ThXV, VPaOO-PROecXOe PRdXOaWRUV Rf SRF/MRTF caQ be XVed WR SUeYeQW WiVVXe

fibURViV RU, cRQYeUVeO\, WR SURPRWe ZRXQd heaOiQg 277±290. DXUiQg fibURViV, SRF/MRTF cRRSeUaWeV

ZiWh YAP/TEAD WUaQVcUiSWiRQ cRPSOe[eV aW adjaceQW SURPRWeU eOePeQWV 104,105,291. ThiV cURVVWaOk

iV aOVR hijacked iQ caQceU ceOOV WR VXVWaiQ PaOigQaQW gURZWh [G] 292±296.

AQRWheU e[aPSOe Rf Whe UROe PechaQRVeQViWiYe TFV iQ Whe fibURWic UeVSRQVe iV Whe

acWiYaWiRQ Rf SPad2/3/4 [G] TF cRPSOe[eV 297 XSRQ OibeUaWiRQ Rf TGF-ȕ VigQaOOiQg PROecXOeV fURP

³ECM WUaSV´ b\ acWiYe SXOOiQg Rf ceOOV RQ Whe ECM Yia iQWegUiQ cRPSOe[eV 298±305, Zhich

cRRSeUaWeV ZiWh PechaQicaOO\-UegXOaWed SRF/MRTF 106,107. FiQaOO\, aOVR Whe SNAIL1 aQd

ZNF1416 TFV caQ be acWiYaWed iQ Whe cRQWe[W Rf fibURViV aQd cRQWUibXWe WR WhiV VeOf-aPSOificaWiRQ

ORRS 306,307 (FigXUe 4d).

YAP/TAZ aV PediaWRUV Rf PechaQicaOO\-iQdXced bUeaVW caQceU SURgUeVViRQ.

ECM VWiffQeVV SOa\V aQ iPSRUWaQW UROe fRU bUeaVW caQceU deYeORSPeQW, RfWeQ dRPiQaWiQg RYeU Whe

ceOO¶V geQeWic aQd RQcRgeQeWic PakeXS WR SURPRWe Whe ORVV Rf eSiWheOiaO SROaUiW\ aQd

eSiWheOiaO-WR-PeVeQch\PaO WUaQViWiRQ [G] (EMT), Whe acTXiViWiRQ Rf PigUaWRU\ aQd iQYaViYe

behaYiRU, aQd SUROifeUaWiRQ 308±310. YAP/TAZ caQ SURPRWe VeYeUaO Rf WheVe SheQRW\SeV iQ caQceU

ceOOV 311±319 aQd aUe UeOeYaQW iQ Whe cURVVWaOk beWZeeQ ECM VWiffQeVV aQd RQcRgeQeV iQ SURPRWiQg
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SUR-WXPRUigeQic SheQRW\SeV 147,320 (FigXUe 4e). MRUeRYeU, YAP/TAZ Oa\ aW Whe ceQWeU Rf a

PXOWi-Oa\eUed feed-fRUZaUd ORRS beWZeeQ high PaPPRgUaShic deQViW\ / ECM VWiffQeVV, EMT aQd

PicURRNAV 312,321±324. IQ OiQe ZiWh WheVe daWa, YAP/TAZ SURPRWe bUeaVW caQceU SURgUeVViRQ iQ

Pice, eYeQ if geQeWic eYideQce fRU a UROe Rf ECM PechaQRWUaQVdXcWiRQ cRPSRQeQWV iQ PaPPaU\

WXPRUigeQeViV, aQd RQ WheiU effecWV Rf YAP/TAZ, aZaiWV VWURQgeU e[SeUiPeQWaO eYideQce 314,325±329.

MechaQicaO cRQWURO Rf OiYeU hRPeRVWaViV aQd caQceU WhURXgh YAP/TAZ.

HeSaWRc\WeV ZeUe aPRQg Whe fiUVW ceOO W\SeV XVed WR VWXd\ ECM VWiffQeVV PechaQRUeVSRQVeV 330,

aQd Whe OiYeU WiVVXe iV a PRdeO V\VWeP fRU RUgaQ-Vi]e UegXOaWiRQ b\ Whe HiSSR SaWhZa\ 331.

ReceQW daWa iQdicaWe WhaW cRQWURO Rf YAP/TAZ b\ Whe VRfW WiVVXe PechaQicaO SURSeUWieV aUe ke\ WR

PaiQWaiQ heSaWRc\We SUROifeUaWiYe, PeWabROic aQd ceOO faWe hRPeRVWaViV, aQd WR cRQWURO OiYeU RUgaQ

Vi]e 143. ThiV cRXOd UeOaWe ZiWh Whe UeceQW fiQdiQg WhaW PechaQicaO SUeVVXUe hRPeRVWaViV Rf OiYeU

ViQXVRidV iV iPSRUWaQW dXUiQg WiVVXe UegeQeUaWiRQ 332. LiYeU WiVVXe VRfWQeVV aOVR UeSUeVeQWV a

WXPRU-VXSSUeVViYe PechaQiVP WhaW caQ be b\SaVVed b\ ceOO-aXWRQRPRXV aQd RQcRgeQe-dUiYeQ

UegXOaWiRQ Rf Whe FaVciQ1 acWiQ bXQdOiQg SURWeiQ, Zhich VXSSRUWV YAP/TAZ PechaQRWUaQVdXcWiRQ,

chROaQgiRceOOXOaU WUaQVdiffeUeQWiaWiRQ aQd Whe fRUPaWiRQ Rf chROaQgiRcaUciQRPaV 144.

OYeUaOO, e[SeUiPeQWaO eYideQce RbWaiQed b\ Whe cURVV-cRQWaPiQaWiRQ Rf VeYeUaO fieOdV Rf

UeVeaUch haV Oed WR Whe defiQiWiRQ Rf PXOWiSOe PROecXOaU PechaQiVPV b\ Zhich WiVVXe PechaQicV

caQ iQfOXeQce geQRPe RUgaQi]aWiRQ, chURPaWiQ eSigeQeWicV aQd geQe e[SUeVViRQ, aQd iQ

SaUWicXOaU geQeWic abOaWiRQ e[SeUiPeQWV iQ PRdeO RUgaQiVPV SRiQW WR Whe iPSRUWaQce Rf WheVe

PechaQiVPV iQ Whe cRQWe[W Rf QRUPaO aQd diVeaVed ceOOV. AV PRVW Rf Whe facWRUV highOighWed iQ

WhiV VecWiRQ caQ aOVR be acWiYaWed b\ SXUeO\ biRchePicaO VigQaOV, Whe chaOOeQge iQ Whe fieOd iV QRZ

WR PRUe SUeciVeO\ diVVecW Whe SUeciVe, diUecW UROe Rf PechaQicaO fRUceV iQ PRdXOaWiQg WheVe

SaWhZa\V iQ Sh\ViRORgicaO aQd SaWhRORgicaO VceQaUiRV LQ YLYR.

EPeUgiQg cRQceSWV
The diUecW WUaQVPiVViRQ Rf fRUceV WhURXgh Whe acWiQ c\WRVkeOeWRQ, aQd iWV VWUXcWXUaO UePRdeOOiQg iQ

UeVSRQVe WR fRUceV, iV a SRZeUfXO PechaQiVP b\ Zhich PechaQicaO iQfRUPaWiRQ caQ be

cRPPXQicaWed iQVide Whe ceOO. ThiV iV iQWeUeVWiQg iQ OighW Rf Whe QRWiRQ WhaW QRW RQO\ Whe QXcOeXV,

bXW VeYeUaO RWheU RUgaQeOOeV aUe VXUURXQded b\ acWiQ fiOaPeQWV, Zhich aUe iPSRUWaQW fRU WheiU

VXbceOOXOaU ORcaOi]aWiRQ, WUaQVSRUW aQd d\QaPicV.
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We aOUead\ diVcXVVed eYideQce iPSO\iQg fRUce WUaQVPiVViRQ WR Whe QXcOeXV, Zhich UeVXOWV

iQ caOciXP UeOeaVe fURP Whe QXcOeaU eQYeORSe aQd/RU iQ UeVSRQVe WR defRUPaWiRQ Rf Whe ER

SUR[iPaO WR Whe QXcOeXV 20,34±37. ThiV cRXOd SeUhaSV affecW Whe acWiYiW\ Rf TFV WhaW RUigiQaWe aV

ER-UeVideQW WUaQVPePbUaQe SURWeiQV 333. AQRWheU e[aPSOe Rf RUgaQeOOe PechaQRVeQViWiYiW\ iV

Whe GROgi aSSaUaWXV, ZhRVe UheRORg\ PiUURUV ceOO WeQViRQ iQ UeVSRQVe WR e[WUaceOOXOaU PechaQicaO

cXeV 42,45. ThiV WeQViRQaO adaSWaWiRQ OiQkV e[WUaceOOXOaU PechaQicaO cXeV ZiWh acWiYaWiRQ Rf Whe

SREBP1/2 TFV, b\ UegXOaWiQg WUaffickiQg Rf Whe SREBP1/2 WUaQVPePbUaQe SUecXUVRUV beWZeeQ

Whe GROgi aQd Whe ER 45,334 (FigXUe 4f). ThiV PechaQiVP accRXQWV fRU OiSid accXPXOaWiRQ iQ ceOOV

RQ a VRfW ECM, aQd cRXSOeV Whe SURPRWiRQ Rf PeVeQch\PaO VWeP ceOO diffeUeQWiaWiRQ iQWR

adiSRc\WeV ZiWh VZiWchiQg RQ Whe cRUUeVSRQdiQg OiSRgeQic PeWabROiVP SURgUaP.

IQ RWheU UeceQW VWXdieV, PiWRchRQdUiaO PRUShRORg\ haV beeQ VhRZQ WR be UegXOaWed b\

Whe iQWeUSOa\ beWZeeQ SeUi-PiWRchRQdUiaO acWiQ aQd PechaQicaO cXeV fURP Whe ECM 44,46,335±341

(FigXUe 4f). MechaQicaO fRUceV caQ eYeQ b\SaVV Whe UeTXiUePeQW fRU acWiQ fRU PiWRchRQdUiaO

fiVViRQ, b\ diUecWO\ iQdXciQg PiWRchRQdUiaO defRUPaWiRQ 43. CeOOV RQ a VRfW ECM diVSOa\ eQhaQced

DRP1-deSeQdeQW PiWRchRQdUiaO fiVViRQ, Zhich OikeO\ deSeQdV RQ cRRSeUaWiRQ beWZeeQ PXOWiSOe

PechaQiVPV, aQd Zhich PediaWeV acWiYaWiRQ Rf Whe NRF2 TF WR ePSRZeU aQWiR[idaQW

PeWabROiVP, XOWiPaWeO\ PakiQg ceOOV RQ a VRfW ECM abOe WR beWWeU UeViVW R[idaWiYe VWUeVV
44,46,336,342±344. The fiQdiQg WhaW a ViPiOaU SaWhZa\ iV UeOeYaQW fRU QeXUaO VWeP ceOO cRPPiWPeQW iQ

Whe PRXVe bUaiQ, Whe VRfWeVW aPRQg WiVVXeV, VXggeVWV WhiV OiQk Pa\ haYe PXOWiSOe Sh\ViRORgicaO

UROeV be\RQd UedR[ hRPeRVWaViV 345,346.

TheVe VWXdieV cROOecWiYeO\ VXggeVW Whe QRWiRQ WhaW fRUceV Pa\ UegXOaWe SeUi-RUgaQeOOe acWiQ SRROV,

aQ ePeUgiQg cRQceSW iQ Whe fieOd Rf PechaQRWUaQVdXcWiRQ ZiWh SRWeQWiaOO\ VigQificaQW UeOeYaQce iQ

PediaWiQg PechaQR-UeVSRQViYe VigQaOOiQg aQd dRZQVWUeaP WUaQVcUiSWiRQaO UeVSRQVeV.

CRQcOXdiQg UePaUkV
TakeQ WRgeWheU, UeceQW adYaQceV iQ Whe fieOd Rf PechaQicaO UegXOaWiRQ Rf WUaQVcUiSWiRQ iQdicaWe

WhaW PXOWiSOe RUgaQeOOeV iQcOXdiQg Whe SOaVPa PePbUaQe, QXcOeXV, PiWRchRQdUia aQd ER diVSOa\

PechaQRVeQViWiYiW\ aQd aUe caSabOe Rf acWiYaWiQg dRZQVWUeaP VigQaOiQg WR UegXOaWe WUaQVcUiSWiRQ.

GRiQg fRUZaUd iW ZiOO be cUiWicaO WR deWeUPiQe XQdeU Zhich VceQaUiRV/iQ UeVSRQVe WR ZhaW kiQd Rf

fRUceV WheVe YaUiRXV RUgaQeOOeV aUe WUiggeUed WR UeVSRQd aQd hRZ Whe\ cRRSeUaWe WR deWeUPiQe

cRheUeQW aQd iQWegUaWed WUaQVcUiSWiRQaO RXWSXWV. IQ addiWiRQ, Whe PROecXOaU PechaQRVeQVRUV WhaW

aUe UeVSRQVibOe fRU diUecW VeQViQg Rf fRUceV ZiWhiQ Whe VSecific PechaQRVeQViWiYe RUgaQeOOeV aQd

WhXV Whe PechaQiVPV Rf iQiWiaO cRQYeUViRQ Rf PechaQicaO fRUce iQWR a biRchePicaO VigQaO UePaiQ

https://www.zotero.org/google-docs/?rWzIPa
https://www.zotero.org/google-docs/?buGi2o
https://www.zotero.org/google-docs/?LzCjAl
https://www.zotero.org/google-docs/?BNkfro
https://www.zotero.org/google-docs/?KU1wrO
https://www.zotero.org/google-docs/?88OTJ1
https://www.zotero.org/google-docs/?9QNOPh
https://www.zotero.org/google-docs/?ylFaVZ


eOXViYe, iQ SaUWicXOaU LQ YLYR. OQe ke\ RbVWacOe WR SURgUeVV iV Whe abVeQce Rf WRROV WhaW aOORZ

diUecW YiVXaOi]aWiRQ aQd TXaQWificaWiRQ Rf WeQViRQ aQd VWUeVV iQ iQWacW WiVVXeV LQ YLYR. SXch WRROV,

iQ cRPbiQaWiRQ ZiWh ViQgOe PROecXOe iPagiQg Rf WUaQVcUiSWiRQaO RXWSXW ZiOO aOORZ eVWabOiVhPeQW Rf

TXaQWiWaWiYe UeOaWiRQVhiSV beWZeeQ VSecific PechaQicaO fRUceV aQd WheiU WUaQVcUiSWiRQaO RXWSXWV.

ThiV ZRXOd aOVR aOORZ diVWiQgXiVhiQg Whe fRUce-PediaWed effecWV Rf PechaQRVeQViWiYe TF V\VWePV

fURP WheiU QRQ-PechaQRVeQViWiYe fXQcWiRQV. IQ addiWiRQ, hRZ TFV cRRSeUaWe ZiWh Whe SOeiRWURSic

effecWV Rf fRUce RQ chURPaWiQ aQd WUaQVcUiSWiRQ UePaiQV aQ iPSRUWaQW RSeQ TXeVWiRQ. UQUaYeOiQg

Whe PROecXOaU deWaiOV Rf WheVe SURceVVeV ZiOO faciOiWaWe XQdeUVWaQdiQg if Whe VSecific PechaQicaO

SURSeUWieV Rf WiVVXe cRXOd fXQcWiRQ aV a Oa\eU Rf ³eSigeQeWic´ UegXOaWiRQ WR PaiQWaiQ VWabOe geQe

WUaQVcUiSWiRQ aQd ceOO ideQWiW\, aV a PechaQiVP WR ³WePSOaWe´ aSSURSUiaWe WUaQVcUiSWiRQaO

UeVSRQVeV dXUiQg UegeQeUaWiRQ aQd UeSaiU.

AckQRZOedgePeQWV
We aUe iQdebWed WR YekaWeUiQa MiURVhQikRYa fRU UeadiQg Whe PaQXVcUiSW aQd SURYidiQg WhRXghWfXO

adYice. We aSRORgi]e WR cROOeagXeV ZhRVe ZRUk Ze haYe iQadYeUWeQWO\ faiOed WR ciWe.

AXWhRU cRQWUibXWiRQV
S.D. aQd S.W. cRQceSWXaOi]ed aQd ZURWe Whe PaQXVcUiSW. AOO aXWhRUV aSSURYed Whe fiQaO cRQWeQW.

CRPSeWiQg IQWeUeVWV
The aXWhRUV decOaUe QR cRPSeWiQg iQWeUeVWV.



GORVVaU\
PechaQicaO fRUceV: ceOOV iQ WiVVXeV aUe VXbjecWed WR PXOWiSOe fRUceV iQcOXdiQg aSSOied, fUicWiRQaO,

WeQViRQ aQd VSUiQg (i.e. VWUeWch RU cRPSUeVViRQ) fRUceV

VheaU: VheaU RccXUV ZheQ a fOXid aSSOieV a WaQgeQWiaO fRUce WhaW SXVheV RQe SaUW Rf Whe ceOO iQ RQe

diUecWiRQ, aQd Whe UeVW Rf Whe ceOO iV dUagged iQ Whe RSSRViWe diUecWiRQ b\ adheViRQ WR Whe ECM RU WR

RWheU ceOOV

WeQViOe VWUeVV: Whe acWiRQ-UeacWiRQ fRUceV acWiQg aW Whe ceOO-ECM RU ceOO-ceOO cRQWacW ViWeV, aQd Whe

RSSRViWe Rf cRPSUeVViRQ

eOaVWiciW\: Whe abiOiW\ Rf a PaWeUiaO WR UeWXUQ WR iWV RUigiQaO VhaSe afWeU Whe defRUPaWiRQ-iQdXciQg

fRUce iV UePRYed

YiVcRViW\: The abiOiW\ Rf a PaWeUiaO WR UeViVW defRUPaWiRQ. MRVW biRORgicaO PaWeUiaOV aUe cRQVideUed

YiVcR-eOaVWic, i.e Whe\ diVSOa\ SURSeUWieV Rf bRWh eOaVWic aQd YiVcRXV PaWeUiaOV. ViVcReOaVWic

PaWeUiaOV haYe a VWUaiQ (defRUPaWiRQ) UaWe WhaW iV deSeQdeQW RQ WiPe aQd Whe\ diVViSaWe eQeUg\

ZheQ a ORad iV aSSOied aQd UePRYed ZheUeaV a SXUeO\ eOaVWic PaWeUiaO dReV QRW.

fUicWiRQ: a UeViVWaQce a VXUface eQcRXQWeUV ZheQ iWV PRYiQg RYeU aQRWheU VXUface, eg. iQ jRiQWV,

WeQdRQV, e\e RU VkiQ.

HXWchiQVRQ-GiOfRUd SURgeUia: a UaUe aXWRVRPaO-dRPiQaQW geQeWic diVRUdeU chaUacWeUi]ed b\

SUePaWXUe agiQg V\PSWRPV aQd caXVed b\ PXWaWiRQV iQ Whe geQe eQcRdiQg fRU Whe LaPiQ-A/C

QXcOeRVkeOeWaO SURWeiQ.

DXcheQQe¶V PXVcXOaU d\VWURSh\: a geQeWic diVRUdeU chaUacWeUi]ed b\ SURgUeVViYe PXVcOe

degeQeUaWiRQ aQd ZeakQeVV aQd caXVed b\ PXWaWiRQV iQ Whe geQe eQcRdiQg fRU Whe D\VWURShiQ

c\WRVkeOeWaO SURWeiQ.

ceOO geRPeWU\: iQWeQded heUe aV Whe degUee Rf ceOO VSUeadiQg RQ aQ adheViYe VXbVWUaWe, Zhich

UegXOaWeV acWRP\RViQ WeQViRQ accRUdiQgO\.

SRF/MRTF: a WUaQVcUiSWiRQaO SURWeiQ cRPSOe[ cRPSRVed Rf Whe DNA-biQdiQg SeUXP ReVSRQVe

FacWRU (SRF) SURWeiQ aQd Rf RQe Rf Whe MRTFV

TCF: TeUQaU\ CRPSOe[ FacWRU faPiO\ PePbeUV EOk1, NeW aQd SAP1 ETS-dRPaiQ TFV

MRTF: M\RcaUdiQ-ReOaWed TF faPiO\ PePbeUV M\RcaUdiQ, MRTFA aQd MRTFB

RHO GTPaVe: VPaOO PRQRPeUic GTPaVeV WhaW fXQcWiRQ aV PROecXOaU VZiWcheV iQ UeVSRQVe WR

chePicaO RU PechaQicaO VWiPXOi WR UegXOaWe acWiQ SRO\PeUi]aWiRQ aQd iWV RUgaQi]aWiRQ iQ cRQWUacWiOe

bXQdOeV.

PechaQRadaSWaWiRQ: Whe SURceVV b\ Zhich a ceOO VXbjecWed WR PechaQicaO fRUceV UeiQfRUceV iWV

fRUce-beaUiQg VWUXcWXUeV



fibURWic UeVSRQVe: WiVVXe UePRdeOOiQg chaUacWeUi]ed b\ Whe deSRViWiRQ Rf cROOageQRXV ECM. ThiV

caQ haYe a Sh\ViRORgicaO fXQcWiRQ dXUiQg ZRXQd heaOiQg (VcaUUiQg) RU a SaWhRORgicaO fXQcWiRQ

Zhich caQ iQWeUfeUe ZiWh RU WRWaOO\ iQhibiW Whe QRUPaO aUchiWecWXUe aQd fXQcWiRQ Rf Whe XQdeUO\iQg

RUgaQ RU WiVVXe.

PaOigQaQW gURZWh: Whe abiOiW\ Rf caQceU ceOOV WR gURZ ZiWhRXW cRQWURO aQd WR iQYade QeighbRUiQg

WiVVXeV

SPad2/3/4: a heWeURWUiPeUic DNA-biQdiQg WUaQVcUiSWiRQaO SURWeiQ cRPSOe[ cRPSRVed Rf RQe

SPad4 aQd WZR SPad2 aQd/RU SPad3 VXbXQiWV, ZhRVe aVVRciaWiRQ iV UegXOaWed b\

ShRVShRU\OaWiRQ Rf SPad2 aQd SPad3 iQ UeVSRQVe WR e[WUaceOOXOaU TGF-ȕ OigaQdV.

cRQWacW iQhibiWiRQ Rf gURZWh: Whe SURceVV b\ Zhich ceOO cURZdiQg, WhURXgh Whe eVWabOiVhPeQW Rf

ceOO-ceOO cRQWacWV aQd Whe UedXcWiRQ Rf ceOO geRPeWU\, iQhibiWV ceOO SUROifeUaWiRQ.

ceOO cRPSeWiWiRQ: Whe acWiYe eOiPiQaWiRQ Rf a YiabOe bXW XQdeViUabOe ceOO SRSXOaWiRQ b\ cRPSeWiWiYe

iQWeUacWiRQV ZiWhiQ a WiVVXe

EQdRPiWRViV: Whe diYiViRQ Rf chURPRVRPeV QRW fROORZed b\ QXcOeaU aQd ceOO diYiViRQ WhaW UeVXOWV

iQ a biggeU ceOO ZiWh aQ iQcUeaVed QXPbeU Rf chURPRVRPeV

ceOO-aXWRQRPRXV: a SURSeUW\ cRQfeUUed b\ geQe PXWaWiRQ RU acWiYaWiRQ WR a ceOO iQ a PXOWiceOOXOaU

VWUXcWXUe, Zhich iV QRW RbVeUYed iQ QeighbRUiQg ceOOV

caQceU-aVVRciaWed fibURbOaVWV: a SRSXOaWiRQ Rf ceOOV fRXQd iQ WXPRUV WhaW aUe QegaWiYe fRU

eSiWheOiaO, eQdRWheOiaO aQd OeXkRc\We PaUkeUV, ZiWh aQ eORQgaWed PRUShRORg\, OackiQg Whe

PXWaWiRQV fRXQd iQ caQceU ceOOV, aQd OikeO\ deUiYiQg fURP Whe fibURbOaVW OiQeageV(V).

keORid fibURSUROifeUaWiYe diVRUdeUV: beQigQ gURZWh Rf deUPaO ceOOV, aVVRciaWed WR cRQWiQXRXV

deSRViWiRQ Rf cROOageQ, WhaW VSUeadV be\RQd Whe PaUgiQ Rf Whe RUigiQaO ZRXQd, cRPPRQO\ UecXUV

fROORZiQg e[ciViRQ, aQd UaUeO\ UegUeVVeV VSRQWaQeRXVO\.

HeUediWaU\ HePRUUhagic TeOaQgiecWaVia: a geQeWic diVRUdeU WhaW UeVXOWV iQ Whe deYeORSPeQW Rf

PXOWiSOe abQRUPaOiWieV iQ Whe bORRd YeVVeOV, RfWeQ OeadiQg WR hePRUUhageV.

VSURXWiQg aQgiRgeQeViV: Whe gURZWh Rf QeZ caSiOOaU\ YeVVeOV RXW Rf SUee[iVWiQg YeVVeOV.

eSiWheOiaO-WR-PeVeQch\PaO WUaQViWiRQ : Whe diffeUeQWiaWiRQ SURceVV b\ Zhich ceOOV ORVe eSiWheOiaO

ideQWiW\ aQd Whe abiOiW\ WR fRUP VWabOe ceOO-ceOO adheViRQV, aQd gaiQ e[SUeVViRQ Rf PeVeQch\PaO

PaUkeUV aVVRciaWed ZiWh iQcUeaVed PigUaWRU\ abiOiW\.

WURShecWRdeUP: Whe WiVVXe Rf Whe SUeiPSOaQWaWiRQ PaPPaOiaQ ePbU\R WhaW ZiOO cRQWUibXWe WR

fRUPaWiRQ Rf Whe SOaceQWa

iQQeU ceOO PaVV: Whe WiVVXe Rf Whe SUeiPSOaQWaWiRQ PaPPaOiaQ ePbU\R WhaW ZiOO cRQWUibXWe WR

fRUPaWiRQ Rf Whe WiVVXeV Rf Whe feWXV



UegeQeUaWiYe WheUaS\: Whe cOiQicaO XVe Rf VWeP ceOOV WR VWiPXOaWe UeSaiU PechaQiVPV aQd UeVWRUe

fXQcWiRQ iQ daPaged bRd\ WiVVXeV RU RUgaQV

RUgaQRidV: WhUee-diPeQViRQal VWUXcWXUeV RbWaiQed b\ cXlWXUiQg VWeP cellV iQ YiWUR, Zhich

UecaSiWXlaWe ke\ PRUShRlRgical aQd diffeUeQWiaWiRQ aVSecWV Rf Whe Ueal WiVVXe/RUgaQ

gORVVaU\ WeUP



Table 1. The main WUanVcUipWion facWoUV (TF) UegXlaWed in UeVponVe Wo mechanical VWimXli.

TF DNA biQdiQg PRWif MechaQicaO iQSXW

SRF/MRTF 5¶-CC(A/T)6GG-3 ECM VWiffQeVV; CeOO geRPeWU\;
CeOO VWUeWchiQg

SMAD2/3/4 5¶-GTCTAGAC-3¶ (SPad
BiQdiQg EOePeQW PRWif),
5¶-CCAGACA-3¶ (CAGA
PRWif)

TUacWiRQ fRUce-PediaWed
XQfaVWeQiQg Rf TGFȕ fURP ³ECM
WUaSV´; SheaU VWUeVVeV (OaPiQaU
fORZ)

TEAD/YAP aQd TEAD/TAZ 5¶-(G/A)CATTCC(A/T)-3¶ ECM VWiffQeVV; CeOO geRPeWU\;
CeOO cURZdiQg; CeOO VWUeWchiQg;
CeOO cRPSUeVViRQ; SheaU
VWUeVVeV (diVWXUbed fORZ)

ȕ-CaWeQiQ/LEF/TCF 5¶-AGATCAAAGG-3¶ TiVVXe cRPSUeVViRQ

NRF2 5ƍ-TGACWcaGCa-3ƍ
AQWiR[idaQW ReVSRQVe
EOePeQWV

SheaU VWUeVV (OaPiQaU fORZ); ECM
VWiffQeVV

NICD/RBPJ 5¶-GTGGGGAA-3¶ CeOO-ceOO WXggiQg fRUceV, SheaU
VWUeVV (OaPiQaU fORZ)

MEF2C (dUiYiQg e[SUeVViRQ
Rf KLF2)

5¶-(C/T)TA(A/T)4TA(G/A)-3¶ SheaU VWUeVV (OaPiQaU fORZ)

SMAD1/5/4 5¶GGC/AGCC-3¶ (GC-Uich
SBE) iQ Whe YiciQiW\ Rf a
5¶-AGAC-3¶ (SBE)

SheaU VWUeVV (OaPiQaU fORZ)

DNA biQdiQg PRWifV aUe baVed RQ a cRQVeQVXV fURP Whe OiWeUaWXUe, aQd dR QRW Wake iQWR accRXQW
aOWeUQaWiYe biQdiQg ViWeV ideQWified WhURXgh chURPaWiQ-iPPXQRSUeciSiWaWiRQ e[SeUiPeQWV.



FigXUe OegeQdV

FigXUe 1. DiagUaP Rf aQ eSiWheOiaO ceOO VXbjecWed WR e[WUaceOOXOaU RU e[WUiQVic fRUceV, aQd

deYeORSiQg RSSRViQg iQWUiQVic WeQViRQ iQ UeVSRQVe WR WheVe b\ cRQWUacWiRQ Rf Whe acWRP\RViQ

c\WRVkeOeWRQ. MXOWiSOe adheViRQ cRPSOe[eV caQ PediaWe Whe WUaQVPiVViRQ Rf fRUceV beWZeeQ Whe

ceOO aQd Whe VXUURXQdiQg ECM RU RWheU ceOOV, iQcOXdiQg iQWegUiQ-baVed fRcaO adheViRQV,

cadheUiQ-baVed adheUeQV jXQcWiRQV aQd WighW jXQcWiRQV (baVed RQ TeWUaVSaQiQV, i.e. RccOXdiQV

aQd cOaXdiQV). TheVe UeceSWRUV aUe diUecWO\ cRQQecWed WR F-acWiQ b\ jXQcWiRQaO SURWeiQV VXch aV

TaOiQ, Į- aQd ȕ-CaWeQiQ, aQd ZRQXOa OccOXdeQV SURWeiQV. SheaU VWUeVV UeVXOWV fURP bORRd fORZiQg

RQ Whe ceOO VXUface, aQd iV WUaQVPiWWed WhURXgh Whe gO\cRcaO\[ aQd acWiQ cRUWe[, aQd RQ RSSRViQg

UeViVWaQce SURYided b\ ceOO aWWachPeQW.

FigXUe 2. MechaQRWUaQVdXcWiRQ Rf fRUceV iQWR biRchePicaO iQfRUPaWiRQ. a. CeOOV aWWach WR Whe

ECM WhURXgh iQWegUiQ UeceSWRU cRPSOe[eV, Zhich aUe cRQQecWed WR Whe F-acWiQ c\WRVkeOeWRQ Yia a

QXPbeU Rf adaSWRU SURWeiQV, heUe deSicWed fRU ViPSOiciW\ b\ Whe TaOiQ SURWeiQ. OQ VRfW ECM,

abVeQce Rf UeViVWiQg fRUceV aQd Rf RSSRViQg c\WRVkeOeWaO WeQViRQ OeaYe TaOiQ iQ a cORVed

cRQfRUPaWiRQ, OiPiWiQg Whe PaWXUaWiRQ Rf FRcaO adheViRQV. OQ a VWiff ECM, higheU fRUceV Oead WR

TaOiQ XQfROdiQg, aQd UecUXiWPeQW Rf addiWiRQaO SURWeiQV WR fRcaO adheViRQV, deSicWed heUe b\

ViQcXOiQ. RecUXiWPeQW Rf WheVe SURWeiQV iQ UeVSRQVe WR fRUce iQiWiaWeV VigQaOOiQg ZiWhiQ Whe ceOO. b.
CeOOV aWWach WR QeighbRUiQg ceOOV' cadheUiQ UeceSWRUV, cRQQecWed iQ Whe c\WRSOaVP ZiWh F-acWiQ Yia

CaWeQiQ adaSWRU SURWeiQV. AQaORgRXV WR TaOiQ, higheU fRUceV fORZiQg acURVV ceOO-ceOO adheViRQV

Oead WR XQfROdiQg Rf Į-CaWeQiQ aQd UecUXiWPeQW Rf ViQcXOiQ aQd SRVVibO\ Rf RWheU VigQaOOiQg

PROecXOeV (SXUSOe). c. MePbUaQe WeQViRQ iQdXced b\ diUecW defRUPaWiRQ Rf Whe OiSid biOa\eU, RU

iQdiUecWO\ b\ aSSOicaWiRQ Rf fRUceV RQ Whe ECM aQd/RU c\WRVkeOeWRQ, caXVeV a VWUXcWXUaO

UeaUUaQgePeQW Rf Whe Pie]R chaQQeO SURWeiQ aQd aOORZV iQZaUd iRQ cXUUeQWV. d. FRUceV caQ be

WUaQVPiWWed WR Whe QXcOeXV eiWheU diUecWO\ (defRUPaWiRQ) RU iQdiUecWO\ WhURXgh Whe acWiQ

c\WRVkeOeWRQ, Zhich iV WeWheUed WR Whe QXcOeaU eQYeORSe aQd WR Whe QXcOeaU OaPiQV (OaPiQa) b\

LINC cRPSOe[eV. The iQZaUd SeUPeabiOiW\ Rf NXcOeaU PRUe CRPSOe[eV (NPC), aVVRciaWed WR

WUaQVPePbUaQe QXcOeaU-aVVRciaWed acWiQ (TAN) OiQeV, iV SURPRWed XSRQ QXcOeaU cRPSUeVViRQ.

NXcOeaU PePbUaQe WeQViRQ caQ WUiggeU Whe UeOeaVe Rf caOciXP iRQV fURP iQWUaceOOXOaU UeVeUYRiUV,

Zhich V\QeUgiVWicaOO\ iQdXce Whe UecUXiWPeQW Rf PhRVShROiSaVe (cPLA2) aW Whe IQQeU NXcOeaU

MePbUaQe aQd iWV acWiYaWiRQ. The UeVXOWiQg iQcUeaVe iQ AUachidRQic Acid VWiPXOaWeV c\WRSOaVPic

acWiQ d\QaPicV. FRUPaWiRQ Rf eQdRc\Wic caYeROae aOVR UeVSRQdV WR PePbUaQe WeQViRQ, acWiQg aV



a PePbUaQe UeVeUYRiU WR accRPPRdaWe VWUeWchiQg, aQd UegXOaWiQg VigQaOiQg SaWhZa\V. AdheViRQ

UeceSWRUV iQdicaWe bRWh ceOO-ECM aQd ceOO-ceOO adheViRQV.

FigXUe 3. MechaQiVPV b\ Zhich PechaQicaO fRUceV caQ UegXOaWe geQe e[SUeVViRQ. a. FRUceV caQ

iQfOXeQce chURPaWiQ VWUXcWXUaO RUgaQi]aWiRQ, eSigeQeWic PRdificaWiRQV aQd geQe WUaQVcUiSWiRQ.

PeUiSheUaO chURPaWiQ iV Sh\VicaOO\ cRQQecWed, Yia Whe QXcOeaU OaPiQV (LaPiQa) aQd LINC

cRPSOe[eV, WR Whe c\WRSOaVPic acWRP\RViQ c\WRVkeOeWRQ. SeYeUaO chURPaWiQ aQd DNA-aVVRciaWed

facWRUV iQWeUacW ZiWh, aQd aUe UegXOaWed b\, QXcOeaU gORbXOaU aQd fiOaPeQWRXV acWiQ. NXcOeaU aQd

c\WRSOaVPic acWiQ d\QaPicV aUe cRQQecWed b\ Whe UaWe-OiPiWiQg WUaQVSRUW Rf G-acWiQ acURVV Whe

NXcOeaU PRUe CRPSOe[eV (NPC). TeQViRQ-deSeQdeQW UeOeaVe Rf caOciXP ZiWhiQ Whe ceOO caQ aOVR

iQfOXeQce VXch SURceVVeV. P, Ac aQd Me e[ePSOif\ chURPaWiQ PRdificaWiRQV. b. BiQdiQg Rf

PRQRPeUic gORbXOaU acWiQ WR Whe MRTF cRacWiYaWRU SURWeiQ SUecOXdeV Whe iQWeUacWiRQ Rf MRTF

ZiWh Whe DNA-biQdiQg SRF TF. WheQ ceOOV aUe VXbjecWed WR fRUceV WhaW iQdXce c\WRVkeOeWaO

WeQViRQ aQd F-acWiQ SRO\PeUi]aWiRQ, Whe decUeaVe Rf G-acWiQ UeVXOWV iQ acWiYaWiRQ Rf

SRF/MRTF-deSeQdeQW geQe e[SUeVViRQ. c. AcWRP\RViQ WeQViRQ UegXOaWeV Whe QXcOeaU

ORcaOi]aWiRQ Rf Whe YAP/TAZ (Y/T) cRacWiYaWRUV aQd WheiU aVVRciaWiRQ ZiWh Whe TEAD faPiO\ Rf TFV

Yia PXOWiSOe SaUaOOeO PechaQiVPV. FRUce aSSOied WhURXgh fRcaO adheViRQV OeadV WR acWiYaWiRQ Rf

Whe RAP2 VPaOO GTPaVe, Zhich UeOieYeV Whe iQhibiWRU\ acWiRQ Rf Whe LATS1/2 kiQaVeV RQ

c\WRSOaVPic YAP/TAZ. DefRUPaWiRQ Rf Whe QXcOeXV iQ UeVSRQVe WR adheViRQ fRUceV faciOiWaWeV Whe

QXcOeaU WUaQVORcaWiRQ Rf YAP/TAZ WhURXgh NXcOeaU PRUe CRPSOe[eV (NPC). BiQdiQg Rf Whe

ARID1A SURWeiQ WR QXcOeaU F-acWiQ WiWUaWeV aZa\ ARID1A fURP YAP/TAZ, faciOiWaWiQg Whe

iQWeUacWiRQ ZiWh TEAD TFV. Y/T iQdicaWeV eiWheU YAP RU TAZ SURWeiQV.

FigXUe 4. SeOecWed fXQcWiRQaO iPSOicaWiRQV Rf PechaQicaOO\-UegXOaWed WUaQVcUiSWiRQ fRU Sh\ViRORg\,

UegeQeUaWiYe PediciQe, aQd diVeaVe. a. DefRUPaWiRQ Rf DURVRShiOa ePbU\RQic WiVVXeV, Zhich

RccXUV aV a UeVXOW Rf PRUShRgeQeWic PRYePeQWV, UeiQfRUceV e[SUeVViRQ Rf Whe TZiVW TF iQ

PeVRdeUP ceOOV, cRRUdiQaWiQg ceOO faWe VSecificaWiRQ ZiWh PRUShRgeQeViV. LRZeU, OefW: a fieOd Rf

ceOOV XQdeUgRiQg ORcaOi]ed cRPSUeVViRQ acWiYaWe TZiVW e[SUeVViRQ (Ued QXcOei). LRZeU, UighW: a

VecWiRQ Rf a DURVRShiOa ePbU\R VWaiQed fRU TZiVW iQ PeVRdeUP ceOOV XQdeUgRiQg fROdiQg aQd

iQYagiQaWiRQ PRYePeQWV. b. The LQ YLWUR SURdXcWiRQ Rf fXQcWiRQaO SaQcUeaWic eQdRcUiQe ȕ-ceOOV iV

a ke\ RbjecWiYe fRU ceOO-baVed UeSOacePeQW WheUaSieV. TeUPiQaO diffeUeQWiaWiRQ Rf hXPaQ iQdXced

SOXUiSRWeQW VWeP ceOOV (iPS) iQWR iQVXOiQ-VecUeWiQg ȕ-ceOOV iV haPSeUed b\ cXOWXUe RQ VWiff TiVVXe

CXOWXUe SOaVWicV (gUa\ OiQe). DiVabOiQg YAP/TAZ PechaQRWUaQVdXcWiRQ iQ SaQcUeaWic SURgeQiWRUV

ZiWh Whe F-acWiQ iQhibiWRU OaWUXQcXOiQB eQabOeV e[SUeVViRQ Rf NeXURgeQiQ3 aQd efficieQW WeUPiQaO



diffeUeQWiaWiRQ (Ued aUURZ). Y/T iQdicaWeV YAP/TEAD RU TAZ/TEAD cRPSOe[eV. c. The TF QeWZRUk

WhaW cRQWUROV eQdRWheOiaO UeVSRQVeV WR VheaU VWUeVVeV. High iQWeQViW\ OaPiQaU VheaU VWUeVV (LSS)

PaiQWaiQV eQdRWheOiaO hRPeRVWaViV b\ fORZ-deSeQdeQW UegXOaWiRQ Rf PXOWiSOe SaWhZa\V aQd TFV.

LRZ iQWeQViW\ LSS OeadV WR acWiYaWiRQ Rf SPad2/3/4 (SM2/3) WUaQVcUiSWiRQ cRPSOe[eV aQd iQZaUd

YeVVeO UePRdeOiQg. DiVWXUbed VheaU VWUeVV (DSS) acWiYaWeV a diVWiQcW VeW Rf SUR-iQfOaPPaWRU\ aQd

SUR-aWheURVcOeURWic TFV. LSS caQ PRdXOaWe acWiYaWiRQ Rf Whe iQdicaWed PePbUaQe

UeceSWRUV/cRUeceSWRUV fRU Whe TGFȕ (AOk5, NeXURSiOiQ1), BMP (AOk1, EQdRgOiQ) aQd NRWch

SaWhZa\V. d. TF aQd VigQaOOiQg QeWZRUkV cRQWUROOiQg WiVVXe fibURViV. DeSRViWiRQ aQd UePRdeOiQg

Rf a cROOageQRXV ECM acWiYaWeV PXOWiSOe PechaQR-VeQViWiYe TFV WhaW cRRSeUaWe WR PaiQWaiQ

fibURbOaVW acWiYaWiRQ aQd WR fXUWheU aPSOif\ ECM UePRdeOiQg. IQcUeaVed ECM VWiffQeVV aQd ceOO

cRQWUacWiOiW\ aOVR faciOiWaWeV Whe OibeUaWiRQ Rf e[WUaceOOXOaU TGFȕ1-2-3 OigaQdV fURP ECM-bRXQd

©WUaSVª cRPSRVed Rf Whe LaWeQc\ AVVRciaWed PeSWide (LAP) aQd LaWeQW TGFȕ BiQdiQg PURWeiQ

(LTBP), b\ SXOOiQg Yia ĮVȕ iQWegUiQV, OeadiQg WR acWiYaWiRQ Rf SUR-fibURWic SPad2/3/4 TFV. MRTF

iQdicaWeV MRTF/SRF cRPSOe[eV. e. DXUiQg bUeaVW caQceU deYeORSPeQW, caQceU ceOOV aQd caQceU

aVVRciaWed fibURbOaVWV (CAF) cRRSeUaWe WR UePRdeO aQd VWiffeQ Whe ECM. ThiV PaiQWaiQV Whe

acWiYaWed VWaWe Rf CAFV, eQabOeV PeWabROic cURVV-WaOk beWZeeQ CAFV aQd caQceU ceOOV, aQd

SURPRWeV PaOigQaQW caQceU ceOO behaYiRU b\ UegXOaWiQg PechaQR-VeQViWiYe TFV. f. MeWaVWaWic

bUeaVW caQceU ceOOV RfWeQ diVVePiQaWe WR RUgaQV ZiWh a VRfW ECM PicUReQYiURQPeQW. RedXced

acWRP\RViQ WeQViRQ UeYeUbeUaWeV RQ SeUi-RUgaQeOOe F-acWiQ SRROV, OeadiQg WR decUeaVed UigidiW\ Rf

Whe GROgi aSSaUaWXV, aQd WR iQcUeaVed SeUi-PiWRchRQdUiaO F-acWiQ. The UeVXOWiQg aOWeUaWiRQV Rf

RUgaQeOOe d\QaPicV acWiYaWe Whe SREBP1/2 aQd NRF2 TFV, Zhich PediaWe PeWabROic

UeSURgUaPPiQg aQd iQfOXeQce chePRWheUaS\ UeViVWaQce.
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