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MiVVion SWaWemenW

The Yeshiva Universit\ Journal of Medicine and Dentistr\ Zas created for the student bod\ and
facult\ of Yeshiva Universit\ as Zell as for the broader communities Zith Zhich the universit\ is
associated and for the Zorld at large. It is designed to serve as an outlet for all those interested in
publishing Zork for a public audience. The editorial board consists of undergraduate students
from Yeshiva College and Stern College for Women. Writers share anal\tical essa\s on neZ
medical developments as Zell as research the\ have conducted. This journal aims to foster a
greater interest in and appreciation for medical and dental sciences at the universit\ and
ultimatel\ aid in Yeshiva Universit\¶s mission to serve as a ³Zellspring of Zisdom.´
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BS´D

LeWWeU FURm Whe EdiWRUV
DeaU ReadeU,

We aUe WhUiOOed WR SUeVeQW Whe VecRQd YROXPe Rf Whe YeVhiYa UQiYeUViW\ JRXUQaO Rf MediciQe aQd
DeQWiVWU\.

ThiV YROXPe VhRZcaVeV a Zide YaUieW\ Rf UeVeaUch SaSeUV aQd UeYieZV ZUiWWeQ b\ Whe YeVhiYa
UQiYeUViW\ cRPPXQiW\, iQcOXdiQg facXOW\ aQd VWXdeQWV fURP WiOf aQd BeUeQ caPSXVeV. WiWh WhiV
beiQg RXU VecRQd \eaU RQ Whe YeVhiYa UQiYeUViW\ CaPSXV, Ze haYe VeeQ WUePeQdRXV gURZWh, aQd
Ze aUe VR SURXd WR UeceiYe feedback fURP \RX, UeadeUV aQd ZUiWeUV. OXU jRXUQaO iV beiQg
PeQWiRQed iQ cOaVVeV, SURfeVVRUV aUe eQcRXUagiQg VWXdeQWV WR SXbOiVh WheiU ZRUk ZiWh XV, aQd Ze
aUe beiQg feaWXUed RQ YeVhiYa UQiYeUViW\ SOaWfRUPV aV a bOXeSUiQW fRU aQ acadePicaOO\ aQd
VRciaOO\ VXcceVVfXO cOXb.

AV EdiWRUV-iQ-Chief, Ze haYe had Whe SUiYiOege Rf ZiWQeVViQg Whe UePaUkabOe eYROXWiRQ Rf each
SaSeU, fURP Whe iQiWiaO VWageV Rf ediWiQg WR Whe fiQaO SURdXcW. We aUe cRQfideQW WhaW Whe dedicaWiRQ
aQd UigRURXV UeVeaUch XQdeUWakeQ b\ Whe aXWhRUV aQd ediWRUV aUe eYideQW iQ Whe e[ceSWiRQaO TXaOiW\
Rf Whe SaSeUV cRQWaiQed ZiWhiQ WhiV YROXPe. We aUe cRQfideQW WhaW \RX ZiOO fiQd Whe SaSeUV QRW
RQO\ iQfRUPaWiYe bXW aOVR a WUXe UeSUeVeQWaWiRQ Rf Whe haUd ZRUk aQd iQWeOOecWXaO UigRU WhaW haYe
gRQe iQWR WheiU cUeaWiRQ.

AV Ze ORRk WR Whe fXWXUe, Ze UePaiQ cRPPiWWed WR fRVWeUiQg a cROOabRUaWiYe eQYiURQPeQW WhaW
eQcRXUageV Whe e[chaQge Rf kQRZOedge aQd ideaV. We iQYiWe \RX WR acWiYeO\ eQgage ZiWh Whe
jRXUQaO b\ VXbPiWWiQg \RXU RZQ cRQWUibXWiRQV aQd VhaUiQg \RXU feedback. TRgeWheU, OeW'V VhaSe
Whe fXWXUe Rf PedicaO aQd deQWaO e[ceOOeQce.

ThaQk \RX fRU \RXU cRQWiQXed VXSSRUW.

SiQceUeO\,

IVaac SilYeUmaQ aQd NaRmi FUied
EdiWRUV-iQ-Chief
YeVhiYa UQiYeUViW\ JRXUQaO Rf MediciQe aQd DeQWiVWU\ 2022-2023
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<HVKLYD UQLYHUVLW\ JRXUQDO RI MHGLFLQH DQG DHQWLVWU\

RHVHDUFK

TKUHH-GLPHQVLRQDO NDQRSDUWLFOH AVVHPEO\ E\ D
MRGXODWHG LDVHU-LQGXFHG MLFUREXEEOH IRU FDEULFDWLRQ RI
D MLFURPHWULF PDWWHUQ
<RVHI :HLVV

AEVWUDFW
TKLV SURMHcW H[SORUHV WKH XVH RI OaVHU-LQdXcHd PLcURbXbbOHV IRU bRWK WZR-dLPHQVLRQaO aQd
WKUHH-dLPHQVLRQaO SULQWLQJ. AW LWV PRVW baVLc OHYHO, WKLV QRYHO SULQWLQJ cRQcHSW bHJLQV ZLWK a OaVHU
KHaWLQJ XS a QaQRSaUWLcOH VXbVWUaWH. TKH WKHUPaO HQHUJ\ LQSXW WR WKH V\VWHP IRUPV a PLcURbXbbOH,
aQd LWV cRUUHVSRQdLQJ cRQYHcWLRQ cXUUHQWV SLQ QaQRSaUWLcOH dHSRVLWV aW WKH VXbVWUaWH/bXbbOH
LQWHUIacH. E[WHQdLQJ WKLV VW\OH RI SULQWLQJ LQWR WKUHH dLPHQVLRQV SUHVHQWV XQLTXH LVVXHV ZKHQ
H[SORULQJ WZR dLIIHUHQW SULQWLQJ WHcKQLTXHV. FRU WKH Oa\HU-b\-Oa\HU WHcKQLTXH (VLPLOaU WR a
cRQYHQWLRQaO 3D SULQWHU), ZaOO KHLJKW LUUHJXOaULWLHV RccXU dXH WR LQcRQVLVWHQW dHSRVLWLRQ. TR VROYH
WKLV SURbOHP, WKH YHORcLW\ RI WKH VWaJH LV SURJUaPPHd WR dHcUHaVH RU LQcUHaVH LQ OLQH ZLWK WKH
aUHaV ZKLcK QHHd PRUH RU OHVV dHSRVLWLRQ. FRU WKH YHcWRU WHcKQLTXH (VLPLOaU WR a SULQWLQJ SHQ),
VWUXcWXUHV QRW SaUaOOHO WR JUaYLW\ ORVH WKHLU VWabLOLW\ aQd cRQVLVWHQc\. TR cRUUHcW WKLV dHIHcW, a
dRXbOH-a[LV URWaWLQJ VWaJH ZaV cRQVWUXcWHd LQ RUdHU WR NHHS WKH bXLOd SaUaOOHO WR JUaYLW\ WR HQVXUH
a cRQVLVWHQW SULQW IRU aQ\ cRPbLQaWLRQ RI VKaSHV. SR IaU, WKLV SURMHcW KaV VXccHVVIXOO\ HYHQHd RXW
Oa\HU-b\-Oa\HU SULQWV aQd KaV acKLHYHd WKH URWaWLRQ UHTXLUHd WR cRQVWUXcW VOaQWHd bXLOdV.

IQWURGXFWLRQ
AV WHcKQRORJ\ cRQWLQXHV WR UaSLdO\ HYROYH, WKH dHPaQd IRU PaQXIacWXULQJ SUHcLVLRQ cRPSRQHQWV
KaV dUaVWLcaOO\ LQcUHaVHd. WLWK UHcHQW WHcKQRORJLcaO dHYHORSPHQWV, VRcLHW\ KaV WUHQdHd WRZaUdV
VPaOOHU dHYLcHV, ZKLcK LQLWLaWHd a QHHd IRU PRUH SUHcLVH PaQXIacWXULQJ WHcKQLTXHV. PHRSOH aUH
accXVWRPHd WR WKH cRQcHSW RI WKUHH-dLPHQVLRQaO SULQWLQJ RQ WKH PacUR VcaOH, bXW QHZHU
WHcKQRORJ\, LQcOXdLQJ WKLV SURMHcW, aOORZV IRU H[SORUaWLRQ RI WKH PLcUR-VcaOH.

IQ RUdHU WR UHacK WKLV OHYHO RI SUHcLVLRQ, WKH RULJLQaO PaWHULaOV XVHd LQ SULQWLQJ PXVW cRQVLVW RI
QaQRSaUWLcOHV RU LRQV. TKHVH XOWUa-ILQH SaUWLcOHV aUH KaUYHVWHd IURP WKH JaV SURdXcWV RI cKHPLcaO
UHacWLRQV aQd aUH WKHQ VSXQ LQWR a dLVSHUVLRQ ZLWK a dLIIHUHQW OLTXLd, UHIHUUHd WR aV a VXbVWUaWH IRU
WKH PHaQV RI WKLV SURMHcW. TKH PHWKRd XWLOL]HV a XQLTXH RSWLcaO V\VWHP cRQVLVWLQJ RI a OaVHU WR
KHaW WKH VXbVWUaWH aQd a PLcURVcRSH WR RbVHUYH WKH SULQWV. TKH aPSOLWXdH RI WKLV OaVHU PXVW bH
³PRdXOaWHd´ b\ UaSLdO\ RSHQLQJ aQd cORVLQJ WKH VKXWWHU.7 AOO RI WKHVH cRPSRQHQWV cRPbLQH LQWR
RQH LQWHJUaWHd V\VWHP WKURXJK ZKLcK ZH SULQW RQ WKH QaQRVcaOH.
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8QGHUO\LQJ MHFKDQLVP: 2D PULQWLQJ
IQ WKH ILUVW VWHS RI WKLV QRYHO SULQWLQJ PHWKRd, WKH QaQRSaUWLcOHV/LRQV aUH PL[Hd/dLVVROYHd LQWR a
VROXWLRQ. TKH XQdHUO\LQJ PHcKaQLVP UHTXLUHV IRcXVLQJ a OaVHU bHaP HLWKHU LQWR WKH OLTXLd
cRQWaLQLQJ WKRVH SaUWLcOHV RU aW WKH OLTXLd/aLU LQWHUIacH. TKURXJK WKaW OaVHU PHdLXP, HQHUJ\ LV
WUaQVIHUUHd LQWR WKH VXbVWUaWH aQd caXVHV a PLcURbXbbOH WR IRUP. DXH WR WKLV KHaWLQJ, cRQYHcWLRQ
cXUUHQWV VXUURXQd WKH PLcURbXbbOH aQd SLQ dHSRVLWV aW WKH OLTXLd/bXbbOH LQWHUIacH.1,2

FLJXUH 1. ConYecWion cXUUenWV pinning depoViWV aW Whe jXncWion beWZeen micUobXbble and
VXUface. (RepUodXced ZiWh peUmiVVion)1

OYHU WKH SaVW QLQH \HaUV, a UHOLabOH PHWKRd RI WZR-dLPHQVLRQaO, QaQRSaUWLcOH OaVHU SULQWLQJ KaV
bHHQ dHYHORSHd. TKH RYHUaOO SULQWLQJ aUUaQJHPHQW PaLQO\ UHOLHV RQ aQ RSWLcaO V\VWHP cRQVLVWLQJ
RI bRWK a PRdXOaWHd cRQWLQXRXV-ZaYH OaVHU aQd aQ LQYHUWHd PLcURVcRSH (FLJXUH 2). TKH OaVHU
UHIOHcWV WKURXJK WKH RbMHcWLYH OHQV aQd RQWR WKH VaPSOH ZKLcK LV ZKHUH WKH bXbbOH IRUPV.3,4

WLWKRXW PRdXOaWLRQ, WKH PLcURbXbbOH IRUPV, WRWaOO\ cROOaSVHV, aQd PRYHV RQ;5,6 KRZHYHU, WKH XVH
RI OaVHU PRdXOaWLRQ dRHVQ'W aOORZ WKH bXbbOH WR WRWaOO\ cROOaSVH. RaWKHU, WKH PLcURbXbbOH SaUWLaOO\
cROOaSVHV aQd WKHQ adYaQcHV aQd UHIRUPV, cUHaWLQJ a PXcK VPRRWKHU OLQH. BHQHILWV RI WKLV SULQWLQJ
IRUPaW LQcOXdH acKLHYLQJ H[WUHPHO\ QaUURZ aQd SUHcLVH OLQHV (RQ WKH RUdHU RI QaQRPHWHUV), WKH
abLOLW\ WR SULQW ZLWK a ZLdH cKHPLcaO YaULHW\ RI QaQRSaUWLcOHV, aQd a VHaPOHVV WUaQVLWLRQ bHWZHHQ
PaQ\ dLIIHUHQW QaQRSaUWLcOH cKHPLVWULHV.
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FLJXUH 2. OpWical V\VWem conViVWing of modXlaWed CW laVeU and opWicall\ inYeUWed micUoVcope.

E[WHQVLRQ WR 3D PULQWLQJ: LD\HU-E\-LD\HU
WKHQ H[WHQdLQJ WKH SURMHcW LQWR WKH WKLUd dLPHQVLRQ, WKHUH aUH WZR PaLQ aSSURacKHV:
Oa\HU-b\-Oa\HU aQd YHcWRU SULQWLQJ. TKH Oa\HU-b\-Oa\HU VW\OH RI SULQWLQJ KaV a dHVLJQ VLPLOaU WR a
WUadLWLRQaO WKUHH-dLPHQVLRQaO SULQWHU bXW HPSOR\V WKH OaVHU WHcKQLTXH dHVcULbHd abRYH. IQ WKLV
PHWKRd, Oa\HUV RI PaWHULaO aUH VWacNHd RQ RQH aQRWKHU WR cRQVWUXcW aQ RbMHcW. HRZHYHU, ZKHQ
XWLOL]LQJ WKLV SULQWLQJ VW\OH, aQ LVVXH RccXUV dXULQJ WKH Oa\HU dHSRVLWLRQ SURcHVV: LQcRQVLVWHQW
PaWHULaO dHSRVLWLRQ. TKH RULJLQ RI WKLV SKHQRPHQRQ LV a IHHdbacN-HQKaQcHd SURcHVV VWaUWLQJ aW
WKH YHU\ ILUVW SULQWHd Oa\HU. A PLQXVcXOH VLQXVRLdaO SaWWHUQ RI ³KLOOV aQd YaOOH\V´ RI PaWHULaO
SUHVHQWV LWVHOI, aQd WKH aUHaV ZLWK VOLJKWO\ KLJKHU dHSRVLWLRQ WHQd WR abVRUb PRUH OLJKW, WKXV
OHadLQJ WR HYHQ PRUH dHSRVLWV aW WKH VaPH ORcaWLRQ ZLWK HacK addLWLRQaO Oa\HU. EVVHQWLaOO\, LQ
aUHaV ZLWK KLOOV, PRUH dHSRVLWLRQ RccXUV WKaQ LQ YaOOH\V. AV WKH QXPbHU RI Oa\HUV LQcUHaVHV, WKH
dLIIHUHQcH bHWZHHQ WKH KLJK SRLQWV aQd ORZ SRLQWV aOVR LQcUHaVHV ZKLcK OHadV WR YHU\ RbYLRXV
LUUHJXOaU ZaOO IRUPaWLRQV (FLJXUH 3). IQ IacW, LQ WKH caPHUa IROORZLQJ WKH OaVHU, RQH caQ VHH WKH
PLcURbXbbOH ³MXPSLQJ´ LQ bHWZHHQ SHaNV aV LW QaWXUaOO\ aWWUacWV WRZaUd WKH KLJKHU aUHaV.
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FLJXUH 3. SWageV of Zall defecW foUmaWion.

TKH ILUVW VWHS LQ dHYHORSLQJ a VROXWLRQ WR WKLV SKHQRPHQRQ LQYROYHd LdHQWLI\LQJ WKH RSWLPaO OaVHU
SaUaPHWHUV IRU WKLV VW\OH RI SULQWLQJ, LQcOXdLQJ WKH LQWHQVLW\ RI WKH OaVHU, WKH IUHTXHQc\ RI WKH
PRdXOaWLRQ, WKH WUaQVOaWLRQaO YHORcLW\ RI WKH SULQWLQJ VWaJH, aQd WKH dXW\ c\cOH (SHUcHQWaJH RI
PRdXOaWLRQ WKaW WKH OaVHU LV RQ YHUVXV RII). AIWHU H[WHQVLYH WHVWLQJ, WZR VHWV RI RSWLPL]Hd
SaUaPHWHUV ZHUH LdHQWLILHd. TKH ILUVW VHW LQcOXdHd a ORZHU dXW\ c\cOH aQd LQWHQVLW\ cRPbLQHd ZLWK
a VORZHU-PRYLQJ VWaJH WR aOORZ IRU PRUH WLPH IRU WKH dHSRVLWLRQ. TKH VHcRQd VHW XVHd a KLJKHU
dXW\ c\cOH aQd LQWHQVLW\ bXW PRYHd aW dRXbOH WKH VSHHd RI WKH ILUVW VHW. AddLWLRQaOO\, aQ
LPSURYHPHQW ZaV dLVcRYHUHd ZKHQ WKH WHVWLQJ OLQHV ZHUH SULQWHd aW a IUHTXHQc\ RI 100 NH]
LQVWHad RI WKH SUHYLRXV 1 NH]. TR YLVXaOL]H WKH SaWWHUQ RI dHSRVLWLRQ LQ WKH ZaOO PLcURVWUXcWXUH, a
SURILORPHWHU (RSWLcaO SURbH) ZaV XVHd WR VLPXOWaQHRXVO\ cKaUacWHUL]H WKH KHLJKW aQd URXJKQHVV RI
WKH OLQHV.

FLJXUH 4. Scanning ElecWUon MicUoVcope image of VeW 1.
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IW ZaV SUHYLRXVO\ dHWHUPLQHd WKaW WKH OHVV WKH OaVHU LV RQ, WKH OHVV dHSRVLWLRQ RccXUV dXH WR a
VKRUWHU SHULRd RI QaQRSaUWLcOH KHaWLQJ.7 TR VROYH WKH SURbOHP RI LQcRQVLVWHQW dHSRVLWLRQ LQ
Oa\HU-b\-Oa\HU SULQWLQJ, a PRdXOaWLQJ OaVHU ZaV SURJUaPPHd WR VSHHd XS aQd VORZ dRZQ
dHSHQdLQJ RQ WKH KHLJKW RI WKH SUHYLRXV dHSRVLWLRQ aW WKaW SRLQW. NHaU WKH SHaNV, WKH VWaJH LV
SURJUaPPHd WR VSHHd XS VR WKHUH LV OHVV WLPH IRU dHSRVLWLRQ ZKLOH LW ZLOO VORZ dRZQ aW WKH
YaOOH\V. TKLV d\QaPLc cRQWURO PHWKRd HYHQV RXW WKH KHLJKW RI WKH Oa\HUV WR HQVXUH a VPRRWK
SULQWLQJ ZaOO. TKURXJK aQaO\]LQJ PXOWLSOH ZaOO H[aPSOHV, WKH WLPLQJ aQd IUHTXHQcLHV RI WKH
SaWWHUQ RI dHSRVLWLRQ ZHUH dHWHUPLQHd aQd LQcRUSRUaWHd LQWR WKH PRdXOaWLRQ caOcXOaWLRQ RI WKH
OaVHU WR cRUUHcW (VPRRWK) WKH dHSRVLWLRQ SaWWHUQ, WKXV PaNLQJ WKH OaVHU PRUH accXUaWH. B\ WKH
cRQcOXVLRQ RI WKLV SRUWLRQ RI WKH SURMHcW, WKH ZaOOV cRQWaLQHd PRUH SLOOaUV LQ WKH ORZHU VHcWLRQ aQd
VKRZHd a VPRRWKHU cRQVLVWHQc\ LQ WKH XSSHU VHcWLRQ.

E[WHQVLRQ WR 3D PULQWLQJ: 9HFWRU
TKH YHcWRU PHWKRd RI WKH WKUHH-dLPHQVLRQaO SULQWLQJ SURcHVV dLUHcWV WKH OaVHU RQWR a cRQWLQXRXVO\
JURZLQJ ³VWacN´ RI PaWHULaO²YHU\ VLPLOaU WR WKH cRQcHSW RI a 3D SULQWLQJ SHQ (FLJXUH 5). WKHQ
SULQWLQJ YHUWLcaOO\, WKLV PHWKRd ZRUNV bHaXWLIXOO\; KRZHYHU, aQ LVVXH aULVHV ZKHQ WKH OaVHU
dHYLaWHV IURP a SaUaOOHO-WR-JUaYLW\, SLOOaU-OLNH VWUXcWXUH.

FLJXUH 5. VecWoU pUinWing VeWXp.

IQ WKHVH caVHV, WKH VWUXcWXUH ORVHV LWV VWabLOLW\ aQd cRQVLVWHQc\ OHadLQJ WR aQ XQdHVLUabOH SURdXcW
(FLJXUH 6). TKLV RccXUV dXH WR a dHWaLO ZLWKLQ WKH dHSRVLWLRQ PHcKaQLVP RI WKH PLcURbXbbOH.
WKHQ SULQWLQJ RQ a VOaQW, WKH QHZO\ IRUPLQJ bXbbOH dHSRVLWLRQV, QR ORQJHU VLW dLUHcWO\ RQ WRS RI
WKH ORcaWLRQ RI WKH SUHYLRXV bXbbOH. DHSRVLWV WHQd WR accXPXOaWH XQHYHQO\ aW WKH bRWWRP RI WKH
PLcURbXbbOH OHadLQJ WR WKH dHIRUPaWLRQ RI WKH PLcURVWUXcWXUH.
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FLJXUH 6. SWUXcWXUe inVWabiliW\ dXUing VlanWed pUinWing.

IQ RUdHU WR VROYH WKLV LVVXH, a dRXbOH-a[LV URWaWLQJ VWaJH ZaV dHYHORSHd WR aOORZ WKH LPPRbLOL]Hd
QaQRSaUWLcOH OLTXLd WR bH URWaWHd WR aQ\ RULHQWaWLRQ LQ aOO WKUHH dLPHQVLRQV (FLJXUH 7). TKLV V\VWHP
LV cRPSRVHd RI WZR caJH PRWRUV aQd a cOaPS. A caVLQJ IRU WKHVH JOaVV VOLdHV ZaV dHVLJQHd XVLQJ
SROLdWRUNV aQd SULQWHd LQ-KRXVH LQ RUdHU WR SUHYHQW WKH JOaVV VOLdH IURP IaOOLQJ RII dXULQJ
URWaWLRQV (H[WHQdLQJ WR 180 dHJUHHV). A LabVLHZ SURJUaP ZaV WKHQ ZULWWHQ WR caOcXOaWH WKH
dHJUHH RI URWaWLRQ IRU bRWK a[HV aQd WR cRQWURO WKH URWaWLQJ VWaJH WR cUHaWH PRUH cRPSOH[ VKaSHV.
B\ URWaWLQJ WKH VWaJH, WKH ³SLOOaU´ UHPaLQV SaUaOOHO WR JUaYLW\ aQd dRHV QRW bHcRPH XQVWabOH RU
LUUHJXOaU.

FLJXUH 7. DoXble-a[iV UoWaWing cageV.
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CRQFOXVLRQ
UQdHUVWaQdLQJ 3D WHcKQRORJ\ aQd WKH WRROV WR SURdXcH 3D VWUXcWXUHV RQ a QaQRVcaOH LV cULWLcaO
IRU aSSOLcaWLRQV LQ PaQ\ ILHOdV. SXcK LPSOHPHQWaWLRQ caQ aOORZ IRU cRPSacW, VWacNHd cRPSXWHU
cKLSV, SUHcLVLRQ PLcUR-PRWRUV, aQd PLcUR-SURbHV. IQ addLWLRQ, WKLV WHcKQRORJ\ caQ aOORZ IRU
VWacNLQJ PXOWLSOH HOHcWULcaO cRQQHcWLRQV b\ aOWHUQaWLQJ bHWZHHQ cRQdXcWRUV aQd LQVXOaWRUV.8,9 TKH
XQLTXH cRPbLQaWLRQ RI PLcUR/QaQR-VL]H aQd KLJK SUHcLVLRQ ZLOO OLNHO\ aOVR OHad WR XQaQWLcLSaWHd,
QRYHO aSSOLcaWLRQV.

COHaUO\, aV WKH QaQR-SULQWLQJ SURcHVV dHYHORSV, VHYHUaO TXHVWLRQV UHTXLUH aWWHQWLRQ. FRU H[aPSOH,
ZKaW RWKHU SaUaPHWHUV aIIHcW ZaOO UHJXOaULW\? WKaW adYaQWaJH cRXOd PRdXOaWLRQ RI WKH OaVHU
LQWHQVLW\ KaYH RYHU cKaQJLQJ WKH VWaJH VSHHd? WRXOd RWKHU IUHTXHQcLHV SUHVHQW bHWWHU ZaOOV? TKH
QH[W LPPHdLaWH VWHS LQ WKH SURMHcW LV WR SULQW ORQJHU ZaOOV WR VHH LI VRPH SHULRdLcLW\ SUHVHQWV LWVHOI
aV ZH SULQW HYHQ ORQJHU ZaOO OHQJWKV (UHIHU WR FLJXUH 3).

TKH VXbVHTXHQW VWHS LQ WKH YHcWRU SULQWLQJ SURMHcW LV WR cRPbLQH WKH SURJUaP RI WKH caJH PRWRUV
ZLWK WKH SURJUaP RI WKH PLcURVcRSH VWaJH. TKLV V\VWHP LQWHJUaWLRQ aOORZV IRU bRWK WUaQVOaWLRQ RI
WKH VWaJH aQd URWaWLRQ RI WKH caJH, UHVXOWLQJ LQ aQ HYHQ ZLdHU UaQJH RI PRWLRQ. AQRWKHU SRUWLRQ RI
WKLV SURMHcW LV WR ILQLVK WKH caOcXOaWLRQV IRU ZKLcK URWaWLRQ VSHHdV cRUUHOaWH WR ZKLcK VKaSH cXUYHV.
TKLQNLQJ HYHQ IXUWKHU aKHad, SURbOHPV VXcK aV WKH PRVW HIILcLHQW Za\ RI VHQdLQJ cRQVWUXcWLRQ
LQIRUPaWLRQ WR WKH SULQWHU aULVH, VLQcH aV VWUXcWXUaO cRPSOH[LW\ LQcUHaVHV, WKH SURJUaPPLQJ
LQVWUXcWLRQV ZLOO aOVR bHcRPH PRUH adYaQcHd. IQ VRPH caVHV, LW Pa\ UHPaLQ HIILcLHQW WR WUaQVPLW
SULQWLQJ LQVWUXcWLRQV LQ UHaO-WLPH. HRZHYHU, LQ RWKHU caVHV, LW ZLOO OLNHO\ bH PRUH HIILcLHQW WR
SURJUaP aQd cRPSLOH WKH SULQWLQJ LQVWUXcWLRQV VHSaUaWHO\ LQ adYaQcH VR WKH\ caQ bH VHQW aV a
cRPSOHWH SacNaJH IRU PaQXIacWXULQJ. OWKHU HOHPHQWV RI WKH SULQWLQJ SURcHVV ZLOO OLNHZLVH aOVR
dHYHORS LQ UHVSRQVH WR WKH RYHUaOO dHPaQd IRU RSWLPL]aWLRQ.

AV WKH PHcKaQLcaO IXQcWLRQLQJ RI 3D QaQRWHcKQRORJ\ dHYHORSV WR WKH SRLQW RI aSSOLcaWLRQV, LW
OHQdV LWVHOI WR WKH bLRWHcKQRORJ\ LQdXVWU\ VSHcLILcaOO\ aQd WKH PHdLcaO LQdXVWU\ LQ JHQHUaO. TKH
SKaUPacHXWLcaO LQdXVWU\ caQ XWLOL]H WKLV 3D SULQWLQJ WR PaQXIacWXUH SUHcLVLRQ SLOO caUULHUV WKaW
aOORZ IRU a cRQWUROOHd UHOHaVH RI PXOWLSOH PHdLcaWLRQ LQJUHdLHQWV.10 NaQR-SULQWLQJ caQ bH XWLOL]Hd
WR SURdXcH PHdLcaO aQd dHQWaO LPSOaQWV, aQd LW caQ SURYLdH PXcK PRUH accXUaWH VXUJLcaO JXLdHV.11

MaWHULaO IabULcaWLRQ RQ WKH QaQRVcaOH bHQHILWV bXUQ YLcWLPV RU SOaVWLc VXUJHU\ SaWLHQWV aV LW
cUHaWHV a bL-Oa\HU cRPSRVLWH IRU WLVVXH UHJHQHUaWLRQ. A 3D-SULQWHd PLcUR-VZLPPHU caQ H[SORUH
WKH bRd\ aW a cHOOXOaU OHYHO, HLWKHU JaWKHULQJ daWa RU dHOLYHULQJ SURdXcWV VXcK aV dUXJV. TKH
SUHcLVLRQ UHTXLUHd LQ cKHPRWKHUaS\ LPSURYHV ZKHQ abOH WR ZRUN aW WKH LQdLYLdXaO cHOO OHYHO.
AQRWKHU bHQHILW ZLWKLQ WKH RQcRORJ\ ILHOd LV XVLQJ WKH 3D QaQR-SULQWLQJ WHcKQLTXH WR IRUP bRQH
VcaIIROdLQJ aV a baVH IRU UHbXLOdLQJ aQd UHJHQHUaWLRQ IROORZLQJ WUHaWPHQW IRU bRQH dLVHaVHV VXcK
aV RVWHRVaUcRPa.3 TKLV SURMHcW, H[SORULQJ Oa\HU-b\-Oa\HU YV. YHcWRU SULQWLQJ WHcKQLTXHV, KaV WKH
SRWHQWLaO WR acW aV a OaXQcKLQJ Sad IRU WKH H[SORUaWLRQ RI cULWLcaO VWHSV LQ WKH SURcHVV RI
WKUHH-dLPHQVLRQaO QaQRSaUWLcOH SULQWLQJ.
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<HVKLYD UQLYHUVLW\ JRXUQDO RI MHGLFLQH DQG DHQWLVWU\

RHVHDUFK

LPLA2-6A KQRFNRXW GHQH PDUWLDOO\ RHVFXHG UVLQJ
UAS-LPLA2-6A TUDQVJHQH LQ WKH MXVFOH CHOOV RI
DURVRSKLOD PHODQRJDVWHU
<RVHI SFKHU

AEVWUDFW
MXVcOH cHOOV SOa\ a cULWLcaO UROH LQ WKH ORcRPRWRU abLOLW\ RI aQ RUJaQLVP. WKLOH QHXURQV VHQd
HOHcWULcaO VLJQaOV YLa QHXURWUaQVPLWWHUV WR aQ RUJaQLVP¶V PXVcOH cHOOV WR WHOO WKaW PXVcOH WR PRYH,
LW LV XOWLPaWHO\ WKH PXVcOH cHOOV WKHPVHOYHV WKaW cRQdXcW WKH PRYHPHQW WKURXJK cRQWUacWLRQ aQd
UHOa[aWLRQ. SLQcH PaQ\ QHXURdHJHQHUaWLYH dLVHaVHV, VXcK aV PaUNLQVRQ¶V dLVHaVH, SUHVHQW ZLWK
ORcRPRWRU SURbOHPV, PXVcOH cHOOV ZHUH VSHcLILcaOO\ VcUXWLQL]Hd. MRUH VSHcLILcaOO\, iPLA2-6A
IXQcWLRQaOLW\ LQ PXVcOH cHOOV RI DUoVophila melanogaVWeU WR PaLQWaLQ aJLQJ KHaOWK ZaV
LQYHVWLJaWHd. IQ RUdHU WR dHWHUPLQH WKLV, WKH ZLOd-W\SH aOOHOH ZaV SOacHd LQ PXWaQW IO\ JURXSV
WKURXJK WKH WUaQVJHQH, UAS-iPLA2-6A, WR aVcHUWaLQ LI WKH ZLOd-W\SH aOOHOH ZaV VXIILcLHQW WR UHVcXH
PRWRU dHcOLQH LQ NQRcNRXW iPLA2-6A IOLHV. COLPbLQJ aVVa\V ZHUH SHUIRUPHd WR WHVW LI ORcRPRWRU
abLOLW\ LQ WKH IOLHV LPSURYHd ZLWK WKH ZLOd-W\SH aOOHOH SUHVHQW. TKH 15-da\ cOLPbLQJ aVVa\ UHVXOWV
VXJJHVWHd WKaW WKHUH ZaV a SaUWLaO UHVcXH RI WKH iPLA2-6A JHQH LQ WKH PXWaQW IO\ JURXSV.
HRZHYHU, WKLV cRQcOXVLRQ cRXOd QRW bH dHILQLWLYHO\ PadH, aV p = 0.084 ZaV VOLJKWO\ KLJKHU WKaQ
aQ accHSWabOH S-YaOXH. UQOLNH WKH 15-da\ cOLPbLQJ aVVa\ daWa, WKH 20-da\ cOLPbLQJ aVVa\ UHVXOWV
UHYHaOHd WKaW SaUWLaO UHVcXH RI WKH iPLA2-6A JHQH LQ WKH PXWaQW IO\ JURXSV ZaV accRPSOLVKHd.
TKH UHVXOWV ZHUH VWaWLVWLcaOO\ VLJQLILcaQW, aV p = 0.020. A cRPSaULVRQ RI WKH 15 aQd 20-da\
cOLPbLQJ aVVa\ UHVXOWV dLVSOa\Hd a dHcUHaVH LQ cOLPbLQJ LQdH[ VcRUHV IRU bRWK WKH cRQWURO aQd
PXWaQW IO\ JURXSV. TKaW bHLQJ VaLd, WKH cRQWURO IO\ JURXS Kad a PRUH VLJQLILcaQW UHdXcWLRQ LQ
cOLPbLQJ LQdH[ VcRUHV WKaQ WKH PXWaQW IO\ JURXSV aV WKH IOLHV aJHd. TKXV, SaUWLaO UHVcXH RI WKH
iPLA2-6A JHQH LQ WKH PXWaQW IO\ JURXSV ZaV PRUH aSSaUHQW ZLWK WLPH.

IQWURGXFWLRQ
NHXURdHJHQHUaWLYH dLVHaVHV aUH a cOaVVLILcaWLRQ RI dLVHaVHV cKaUacWHUL]Hd b\ SURJUHVVLYH
d\VIXQcWLRQ RI QHXURQV, V\QaSVHV, JOLaO cHOOV, aQd WKHLU QHWZRUNV.1 AOWKRXJK WKHUH aUH RYHU a
KXQdUHd dRcXPHQWHd QHXURdHJHQHUaWLYH dLVHaVHV NQRZQ WR daWH, LQcOXdLQJ AO]KHLPHU¶V dLVHaVH,
HXQWLQJWRQ¶V dLVHaVH, aQd aP\RWURSKLc OaWHUaO VcOHURVLV (ALS), PaUNLQVRQ¶V dLVHaVH KaV bHcRPH
WKH PRVW SUHYaOHQW aQd IaVWHVW-JURZLQJ QHXURdHJHQHUaWLYH dLVHaVH LQ WKH ZRUOd.2,3 FURP 1990 WR
2015, 6.2 PLOOLRQ SHRSOH ZHUH dLaJQRVHd ZLWK PaUNLQVRQ¶V dLVHaVH±±a 118% LQcUHaVH LQ JORbaO
PaUNLQVRQ¶V dLVHaVH caVHV.4 AV JORbaO SRSXOaWLRQV cRQWLQXH WR aJH, WKH SULPaU\ IacWRU WKaW KaV
bHHQ SURYHQ WR bH a caXVH RI QHXURdHJHQHUaWLYH dLVHaVH, PaUNLQVRQ¶V caVHV aUH SUHdLcWHd WR
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LQcUHaVH H[SRQHQWLaOO\.2,5 B\ 2040, UHVHaUcKHUV SUHdLcW WKaW WKH QXPbHU RI PaUNLQVRQ¶V caVHV ZLOO
dRXbOH WR 12 PLOOLRQ dRcXPHQWHd caVHV.2

EYHQ WKRXJK PRVW PaUNLQVRQ¶V caVHV aUH VSRUadLc, bHOLHYHd WR bH caXVHd b\ a cRPbLQaWLRQ RI
JHQHWLc aQd HQYLURQPHQWaO IacWRUV, WKH OHVV cRPPRQ LQKHULWHd IaPLOLaO SaUNLQVRQLVP KaV aOORZHd
UHVHaUcKHUV WR LdHQWLI\ WKH YaULRXV ORcL aWWULbXWHd WR PaUNLQVRQ¶V dLVHaVH ZKHQ WKH ORcL aUH
SHUWXUbHd.6 B\ JaLQLQJ a PRUH adYaQcHd XQdHUVWaQdLQJ RI WKH XQdHUO\LQJ PROHcXOaU aQd cHOOXOaU
PHcKaQLVPV WKaW OHad WR WKH UaUHU LQKHULWHd IaPLOLaO SaUNLQVRQLVP, VcLHQWLVWV KRSH WR aSSO\ WKHLU
ILQdLQJV WR WKH PRUH IUHTXHQW VSRUadLc caVHV RI PaUNLQVRQ¶V. IQ RUdHU WR LQYHVWLJaWH KXPaQ
IaPLOLaO SaUNLQVRQLVP, RUWKRORJRXV JHQHV WR KXPaQ IaPLOLaO SaUNLQVRQLVP ORcL ZHUH PXWaWHd LQ
DUoVophila melanogaVWeU. OQH VXcK RUWKRORJRXV JHQH, iPLA2-6A, KaV bHHQ VKRZQ WR bH a
dLVHaVH ORcXV IRU YaULRXV QHXURdHJHQHUaWLYH dLVHaVHV, LQcOXdLQJ a UaUH LQKHULWHd IaPLOLaO
SaUNLQVRQLVP caOOHd aXWRVRPaO UHcHVVLYH d\VWRQLa-SaUNLQVRQLVP.7

B\ H[aPLQLQJ WKH PROHcXOaU HIIHcWV RI WKH iPLA2-6A PXWaWLRQ, UHVHaUcKHUV KaYH JaUQHUHd a bHWWHU
HWLRORJLcaO XQdHUVWaQdLQJ RI PaUNLQVRQ¶V dLVHaVH. IQ a UHcHQW MRXUQaO aUWLcOH b\ MRUL HW aO., WZR
QRYHO cRQcOXVLRQV UHYHaOHd KRZ WKH iPLA2-6A PXWaWLRQ aIIHcWHd PROHcXOaU PHcKaQLVPV LQ
RUJaQLVPV.8 FLUVW, MRUL HW aO. dLVcRYHUHd WKaW a OacN RI iPLA2-6A acWLYLW\ UHVXOWHd LQ WKH
VKRUWHQLQJ RI SKRVSKROLSLd ac\O cKaLQV.8 TKLV OHd WR HQdRSOaVPLc UHWLcXOXP VWUHVV WKaW aIIHcWHd
QHXURQaO acWLYLW\ LQ WKH IOLHV. SHcRQd, WKH UHVHaUcKHUV IRXQd WKaW 𝛼-S\QXcOHLQ, a SUHV\QaSWLc
QHXURQaO SURWHLQ WKaW LV OLQNHd QHXURSaWKRORJLcaOO\ aQd JHQHWLcaOO\ WR PaUNLQVRQ¶V dLVHaVH, LV
aLdHd b\ SKRVSKROLSLdV ZLWK VKRUWHU ac\O cKaLQV.8,9 WLWK WKHVH WZR SLHcHV RI LQIRUPaWLRQ, MRUL HW
aO. SURSRVHd a K\SRWKHVLV aV WR KRZ QHXURdHJHQHUaWLRQ RccXUV LQ IOLHV ZLWK WKH ORVV RI WKH
iPLA2-6A JHQH aQd aIIHcWV WKHLU bUaLQV aW WKH PROHcXOaU OHYHO (FLJXUH 1). WKHQ WKH iPLA2-6A
JHQH ZaV UHPRYHd, SKRVSKROLSLd ac\O cKaLQV LQ WKH bUaLQ ZHUH VKRUWHQHd. AV a UHVXOW, WKH
VKRUWHQHd SKRVSKROLSLd ac\O cKaLQV Kad aOWHUHd cXUYaWXUH, PHPbUaQH IOXLdLW\, aQd OLSLd SacNLQJ
abLOLWLHV. OQH RI WKH HIIHcWV RI WKH aOWHUHd SKRVSKROLSLd SURSHUWLHV ZaV 𝛼-S\QXcOHLQ aJJUHJaWLRQ,
ZKLcK ZaV caXVHd b\ 𝛼-S\QXcOHLQ¶V dHcUHaVHd abLOLW\ WR bLQd WR WKH V\QaSWLc PHPbUaQH
HIIHcWLYHO\. AddLWLRQaO HIIHcWV RI WKH aOWHUHd SKRVSKROLSLd SURSHUWLHV ZHUH VWUHVV SOacHd RQWR WKH
HQdRSOaVPLc UHWLcXOXP aQd abQRUPaO IXQcWLRQaOLW\ RI QHXURWUaQVPLWWHUV.
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FLJXUH 1. MRUL HW DO. H\SRWKHVLV RI WKH MROHFXODU EIIHFWV RI WKH L3/A2-6A GHQH RHPRYDO.8

When Whe iPLA2-6A gene ZaV UemoYed, phoVpholipid ac\l chainV in Whe bUain ZeUe VhoUWened.
ThiV caXVed Whe VhoUWened phoVpholipid ac\l chainV Wo haYe alWeUed cXUYaWXUe, membUane flXidiW\,
and lipid packing abiliWieV. One of Whe effecWV of Whe alWeUed phoVpholipid pUopeUWieV ZaV
𝛼-S\nXclein aggUegaWion, Zhich ZaV caXVed b\ 𝛼-S\nXclein¶V decUeaVed abiliW\ Wo bind Wo Whe
V\napWic membUane effecWiYel\.

PUHYLRXV UHVHaUcK LQYHVWLJaWLQJ WKH HIIHcWV RI NQRcNLQJ RXW WKH iPLA2-6A JHQH KaV dHPRQVWUaWHd
WKaW QHXURdHJHQHUaWLRQ RccXUV LQ IOLHV aQd WKaW UHVcXH RI WKH iPLA2-6A JHQH LQ WLVVXH-VSHcLILc
cHOOV LV SRVVLbOH. IQ 2021, SWHLQKaXHU HW aO. SXbOLVKHd a SaSHU WKaW LOOXVWUaWHd WKaW DUoVophila
melanogaVWeU QXOO iPLA2-6A PXWaQWV H[KLbLWHd a SURJUHVVLYH ORVV RI ORcRPRWRU abLOLW\ ZLWK aJH,
cRQVLVWHQW ZLWK QHXURdHJHQHUaWLRQ.10 UVLQJ aQ RNAL NQRcNdRZQ LQ VSHcLILc QHXURQaO VXbVHWV aQd
PXVcOH cHOOV, WKH ORcRPRWRU dHIHcW ZaV SKHQRcRSLHd. CRQWURO aQd PXWaQW IOLHV SHUIRUPHd
VWaQdaUd cOLPbLQJ aVVa\V WR WHVW IRU ORcRPRWRU dHIHcWV aW ILIWHHQ aQd WZHQW\ da\V aIWHU HcORVLRQ. IW
ZaV IRXQd WKaW cHUWaLQ VXbVHWV RI cHOOV, VXcK aV PXVcOH aQd SaQ-QHXURQaO cHOOV, ZHUH UHVcXHd ZLWK
WKH DJ667-GAL4 aQd elaY-GAL4 SKHQRcRSLHV. A cULWLcaO WaNHaZa\ IURP WKH UHVHaUcK ZaV WKaW
iPLA2-6A LV UHTXLUHd LQ PXVcOHV aQd QHXURQV LQ RUdHU IRU WKH IOLHV WR PaLQWaLQ QRUPaO ORcRPRWRU
VNLOOV aV WKH\ aJH.10

WKLOH H[WHQVLYH UHVHaUcK KaV bHHQ cRQdXcWHd RQ WKH HIIHcWV RI UHPRYLQJ WKH iPLA2-6A JHQH IURP
VSHcLaOL]Hd cHOOV, VXcK aV QHXURQV aQd PXVcOH cHOOV, QR NQRZQ UHVHaUcK KaV bHHQ cRQdXcWHd WR
LQYHVWLJaWH LQ ZKLcK VSHcLILc VXbVHW RI cHOOV iPLA2-6A IXQcWLRQV WR PaLQWaLQ aJLQJ KHaOWK. TR
HOXcLdaWH aQ aQVZHU, ZLOd-W\SH iPLA2-6A H[SUHVVLRQ LQ QHXURQV, VSHcLILc VXbVHWV RI QHXURQV, aQd
PXVcOH cHOOV ZHUH XVHd WR H[aPLQH LI WKH ZLOd-W\SH aOOHOH ZaV VXIILcLHQW WR UHVcXH PRWRU dHcOLQH
VHHQ LQ PLA2G6 AVVRcLaWHd NHXURdHJHQHUaWLRQ (PLAN) dLVRUdHUV, VXcK aV aXWRVRPaO UHcHVVLYH
d\VWRQLa-SaUNLQVRQLVP.
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MHWKRGV
Fl\ CUoVVeV
FO\ VWUaLQV ZHUH SURYLdHd b\ RXWVLdH UHVHaUcKHUV XQbHNQRZQVW WR WKH H[SHULPHQWHU. IQ RUdHU WR
HVWabOLVK IO\ VWUaLQV WKaW HQabOHd JHQH H[SUHVVLRQ RQO\ LQ PXVcOH cHOOV, a GAL4-UAS V\VWHP ZaV
UHTXLUHd. GAL4 LV a WUaQVcULSWLRQaO acWLYaWRU WKaW bLQdV WR a UAS HQKaQcHU VHTXHQcH IRXQd LQ aQ
RUJaQLVP¶V DNA.11 TKH GAL4-UAS V\VWHP UHcUXLWV WUaQVcULSWLRQ PacKLQHU\ WR a VSHcLILc ORcXV
IRU JHQH H[SUHVVLRQ WR RccXU. TKLV caXVHV aQ\ JHQHV dRZQVWUHaP RI WKH UAS VHTXHQcH WR MXVW bH
H[SUHVVHd ZKHQ GAL4 LV H[SUHVVHd. TKHUHIRUH, a IO\ VWUaLQ H[SUHVVLQJ GAL4 ZLWK a SaUWLcXOaU
SURPRWHU caQ caXVH WLVVXH-VSHcLILc H[SUHVVLRQ.11 TR UHVWRUH WKH ZLOd-W\SH UAS-iPLA2-6A RQO\ LQ
PXVcOH cHOOV, a VSHcLILc GAL4 dULYHU, GAL4-DJ667, ZaV QHHdHd. TKH IO\ cURVVHV PadH IRU WKH
PXVcOH cHOO JURXS, UHSUHVHQWLQJ WKH SaUHQWaO JHQHUaWLRQ, aUH ZULWWHQ RXW LQ PXQQHWW STXaUHV 1 aQd
2.

PXQQHWW STXDUH 1. E[SHULPHQWaO (MXWaQW) GURXS FO\ CURVV*

GAL4-DJ667 SWXbbOH

UAS-iPLA2-6A UAS-iPLA2-6A/GAL4-DJ667 UAS-iPLA2-6A/SWXbbOH

CXUO\ CXUO\/GAL4-DJ667 CXUO\/SWXbbOH

PXQQHWW STXDUH 2. CRQWURO GURXS FO\ CURVV*

GAL4-DJ667 SWXbbOH

+ +/GAL4-DJ667 +/SWXbbOH

CXUO\ CXUO\/GAL4-DJ667 CXUO\/SWXbbOH

* NRWH: TKH cURVVHV ZHUH PaLQWaLQHd aW 26 �C. TKH KLJKOLJKWHd cHOOV UHSUHVHQW WKH JHQRW\SHV RI
WKH IOLHV WKaW QHHdHd WR bH cROOHcWHd. TKH SKHQRW\SH RI WKHVH IOLHV ZaV QRQ-cXUO\ ZLQJV aQd
QRQ-VWXbbOH KaLUV ORcaWHd RQ WKH WKRUa[ RI WKH IO\. AddLWLRQaOO\, RQO\ PaOH IOLHV ZHUH cROOHcWHd WR
HQVXUH WKaW QR F2 SURJHQ\ aURVH IURP PaWLQJV bHWZHHQ F1 IOLHV.

CollecWing and SoUWing Whe F1 PUogen\
AIWHU WKH LQLWLaO cURVVHV ZHUH PadH, WHQ WR WZHOYH da\V SaVVHd bHIRUH WKH F1 IOLHV HcORVHd aQd
ZHUH UHad\ WR bH VRUWHd aQd cROOHcWHd. TKH IOLHV ZHUH ILUVW JaVVHd ZLWK a VPaOO aPRXQW RI caUbRQ
dLR[LdH VR WKaW WKH\ cRXOd bH WUaQVIHUUHd WR a SOaWIRUP HPLWWLQJ caUbRQ dLR[LdH. UVLQJ a
PLcURVcRSH, IOLHV ZLWK WKH dHVLUHd SKHQRW\SH RI PaOH, QRQ-cXUO\, aQd QRQ-VWXbbOH ZHUH VRUWHd aQd
cROOHcWHd HYHU\ WZR WR WKUHH da\V IRU aSSUR[LPaWHO\ WZR ZHHNV. A JURXS RI 6±13 IOLHV ZLWK WKH
dHVLUHd SKHQRW\SH ZaV SOacHd LQWR a YLaO XQWLO WKH 15 aQd 20-da\ cOLPbLQJ aVVa\V ZHUH
cRQdXcWHd. EacK QHZ JURXS RI IOLHV IRU WKH cRQWURO JURXS ZaV PaUNHd C[ aQd E[ IRU WKH
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H[SHULPHQWaO JURXS, ZKHUH ³[´ UHSUHVHQWV WKH JURXS QXPbHU XVHd LQ WKH cOLPbLQJ aVVa\. FURP
OcWRbHU 24WK WR NRYHPbHU 28WK, 15 cRQWURO JURXSV aQd 14 H[SHULPHQWaO JURXSV ZHUH cUHaWHd
HYHU\ 2±3 da\V, KROdLQJ 6±13 F1 IOLHV LQ a YLaO. WKLOH WKH QXPbHU RI IOLHV YaULHd LQ HacK YLaO, 115
IOLHV IURP WKH cRQWURO JURXS aQd 108 IOLHV IURP WKH H[SHULPHQWaO JURXS ZHUH cROOHcWHd RYHU WKH
aSSUR[LPaWH PRQWK WLPH SHULRd.

PaVVing Whe FlieV
IQ addLWLRQ WR cROOHcWLQJ aQd VRUWLQJ WKH IOLHV HYHU\ 2±3 da\V, WKH F1 IOLHV SOacHd LQ YLaOV WR aJH
QHHdHd WR bH SaVVHd 3±5 da\V HLWKHU bHcaXVH WKH\ UHTXLUHd PRUH IRRd RU WKH IRRd ZaV UHcHdLQJ
IURP WKH ZaOO. IQ RUdHU WR SaVV WKH IOLHV, WZR WHcKQLTXHV ZHUH XWLOL]Hd. OQH WHcKQLTXH XVHd VPaOO
aPRXQWV RI caUbRQ dLR[LdH WR JaV WKH F1 IOLHV VR WKaW WKH\ cRXOd bH WUaQVIHUUHd WR a QHZ, IUHVK YLaO
RI IRRd. TKH RWKHU WHcKQLTXH LQYROYHd WUaQVIHUULQJ WKH IOLHV ZLWKRXW WKH XVH RI caUbRQ dLR[LdH; WKH
ROd IRRd YLaO ZLWK a cRWWRQ VWRSSHU LQ LW ZRXOd bH WaSSHd RQ a PRXVH Sad cRQWLQXRXVO\ WR HQVXUH
WKaW QR IOLHV HVcaSHd ZKLOH WKH cRWWRQ VWRSSHU ZaV UHPRYHd, aOORZLQJ WKH QHZ IRRd YLaO WR bH
SOacHd RQ WRS RI LW. TKH IRRd YLaO ZRXOd bH IOLSSHd, aQd WKH IOLHV ZRXOd bH WUaQVIHUUHd WR WKH QHZ
YLaO RI IUHVK IRRd.

Climbing AVVa\V
AW WKH 15 aQd 20-da\ PaUN RI WKH F1 IOLHV bHLQJ LQ WKHLU UHVSHcWLYH YLaOV, cOLPbLQJ aVVa\V ZHUH
SHUIRUPHd. COLPbLQJ aVVa\V aUH WHVWV WKaW PHaVXUH WKH ORcRPRWRU abLOLW\ RI WKH IOLHV. AIWHU WKH
IOLHV ZHUH WUaQVIHUUHd WR a QHZ IRRd YLaO, a VHcRQd JOaVV YLaO ZaV WaSHd WR WKH IRRd YLaO cRQWaLQLQJ
WKH IOLHV. A UXOHU PHaVXUHd 6 cP IURP WKH HdJH RI WKH IRRd, acWLQJ aV WKH WKUHVKROd OLQH WKaW WKH
IOLHV QHHdHd WR SaVV WR bH cRXQWHd aV KaYLQJ VXIILcLHQW ORcRPRWRU abLOLW\. WKHQ WKH cOLPbLQJ
aVVa\ aSSaUaWXV ZaV aOO VHWXS, WKH cOLPbLQJ aVVa\ WHVW bHJaQ (FLJXUH 2).
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FLJXUH 2. COLPELQJ AVVD\ ASSDUDWXV (AGDSWHG IURP RHIHUHQFH 12). The climbing aVVa\
appaUaWXV conViVWed of WZo plaVWic YialV VWacked on Wop of each oWheU. 6 cm fUom Whe edge of Whe
food (noW VhoZn) ZaV meaVXUed ZiWh a UXleU. A maUkeU ZaV XVed Wo maUk Whe 6 cm WhUeVhold line.
A coWWon VWoppeU ZaV placed aW Whe Wop of Whe climbing appaUaWXV Vo Whe flieV ZoXld noW eVcape.

OQH SHUVRQ WaSSHd WKH aSSaUaWXV RQ a PRXVH Sad IRU 1±2 VHcRQdV bHIRUH OHWWLQJ JR RI LW, aV WKH
VHcRQd SHUVRQ VWaUWHd WKH VWRSZaWcK WR VHH KRZ PaQ\ IOLHV cURVVHd WKH 6 cP WKUHVKROd LQ 20
VHcRQdV. TKH cOLPbLQJ aVVa\ WHVW ZaV SHUIRUPHd ILYH WLPHV SHU IO\ YLaO. EacK WLPH, WKH QXPbHU RI
IOLHV WKaW cURVVHd WKH 6 cP WKUHVKROd ZaV UHcRUdHd. WKHQ WKH ILYH WULaOV IRU a JURXS ZHUH
cRPSOHWHd, WKH cOLPbLQJ LQdH[ ZaV caOcXOaWHd. TKH cOLPbLQJ LQdH[ ZaV caOcXOaWHd b\ VXPPLQJ
WKH WRWaO VcRUH RI aOO WKH IOLHV IURP WKH ILYH WULaOV WKaW cURVVHd WKH 6 cP WKUHVKROd aQd dLYLdLQJ WKaW
b\ WKH QXPbHU RI IOLHV LQ a YLaO. TKH PLQLPXP VcRUH a YLaO cRXOd UHcHLYH ZaV 0.0, aQd WKH
Pa[LPXP ZaV 5.0. COLPbLQJ LQdLcHV ZHUH aYHUaJHd IRU WKH 15 aQd 20-da\ cOLPbLQJ aVVa\V IRU
WKH cRQWURO aQd H[SHULPHQWaO JURXSV. TKH cOLPbLQJ LQdLcHV ZHUH SORWWHd ZLWK VWaQdaUd dHYLaWLRQV.
COLPbLQJ LQdLcHV IRU HacK cRQdLWLRQ ZHUH YHULILHd IRU QRUPaO dLVWULbXWLRQ aURXQd WKH aYHUaJH.
SWaWLVWLcaO cRPSaULVRQV ZHUH SHUIRUPHd XVLQJ XQSaLUHd W-WHVWV.

SWaWiVWical TeVWV
AQ XQSaLUHd W-WHVW ZaV XVHd WR cRPSaUH WKH aYHUaJH bHWZHHQ WKH WZR LQdHSHQdHQW JURXSV, L.H.,
cRQWURO aQd PXWaQW IO\ JURXSV, WR WHVW ZKHWKHU a VLJQLILcaQW dLIIHUHQcH ZaV SUHVHQW bHWZHHQ WKH
WZR JURXSV. SHYHUaO aVVXPSWLRQV ZHUH PadH ZKHQ SHUIRUPLQJ WKH XQSaLUHd W-WHVW.13 FLUVW, LW ZaV
aVVXPHd WKaW WKHUH ZaV HTXaO YaULaQcH bHWZHHQ WKH cRQWURO aQd PXWaQW IO\ JURXSV. II HTXaO
YaULaQcH H[LVWV bHWZHHQ WKH WZR JURXSV, WKHQ WKH daWa IURP WKH WZR JURXSV VKRXOd KaYH WKH VaPH
VWaQdaUd dHYLaWLRQ. SHcRQd, WZR LQdHSHQdHQW JURXSV ZHUH QHHdHd LQ RUdHU WR cRQdXcW WKH
XQSaLUHd W-WHVW. FLQaOO\, RbVHUYaWLRQV bHWZHHQ WKH cRQWURO aQd PXWaQW IO\ JURXSV ZHUH UHTXLUHd WR
bH VaPSOHd LQdHSHQdHQWO\.
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RHVXOWV
RaZ Climbing Inde[ DaWa
TKH 15 aQd 20-da\ cOLPbLQJ aVVa\ daWa IRU WKH cRQWURO JURXS cROOHcWHd IURP OcWRbHU 24WK WR
NRYHPbHU 28WK aUH VKRZQ bHORZ LQ FLJXUHV 4 aQd 5, UHVSHcWLYHO\. FLYH cOLPbLQJ aVVa\ WULaOV ZHUH
SHUIRUPHd IRU HacK F1 IO\ cRQWURO JURXS, ZKLcK ZHUH WKHQ XVHd WR caOcXOaWH WKH cOLPbLQJ LQdLcHV
RI HacK JURXS. A WRWaO RI 115 PaOH IOLHV WKaW YaULHd LQ QXPbHU bHWZHHQ WKH 15 cRQWURO JURXSV Kad
aQ aYHUaJH cOLPbLQJ LQdH[ RI 3.25 ZLWK a VWaQdaUd dHYLaWLRQ RI 1.50 IRU WKH 15-da\ cOLPbLQJ
aVVa\ aQd aQ aYHUaJH cOLPbLQJ LQdH[ RI 1.88 ZLWK a VWaQdaUd dHYLaWLRQ RI 1.36 IRU WKH 20-da\
cOLPbLQJ aVVa\ (FLJXUH 3).

FLJXUH 3. GUDSKLFDO RHSUHVHQWDWLRQ RI WKH MHDQ COLPELQJ IQGH[ PORWWHG ZLWK WKH SWDQGDUG
DHYLDWLRQ. The UeVXlWV foU Whe 15 and 20-da\ climbing aVVa\V aUe illXVWUaWed in Whe gUaph. The
blXe baUV UepUeVenW Whe aYeUage climbing inde[ VcoUe foU Whe conWUol male F1 flieV, and Whe
oUange baUV UepUeVenW Whe aYeUage climbing inde[ VcoUe foU Whe mXWanW male F1 flieV. The eUUoU
baUV UepUeVenW Whe VWandaUd deYiaWion of Whe daWaVeWV. IW VhoXld be noWed WhaW 8 oXW of Whe 58
climbing aVVa\V peUfoUmed ZeUe done 1±2 da\V befoUe oU afWeU Whe planned climbing aVVa\ da\,
Zhich coXld haYe poWenWiall\ VkeZed Whe aYeUage climbing inde[.
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FLJXUH 4. RDZ DDWD IRU 15-GD\ COLPELQJ IQGLFHV (CI) RI WKH CRQWURO GURXS. A WoWal of 115
male flieV compUiVed Whe 15 gUoXpV of F1 conWUol flieV. Climbing indiceV foU Whe 15 gUoXpV of F1
conWUol flieV had an\ZheUe fUom 5±14 flieV in a gUoXp, UepUeVenWed b\ ³N FlieV,´ ZeUe calcXlaWed.
³T#X,´ ZheUe ³X´ UepUeVenWV a nXmbeU 1±5, ZaV Whe WUial nXmbeU of hoZ man\ flieV cUoVVed Whe
6 cm WhUeVhold Wo be coXnWed aV a VXcceVVfXl climb. IW VhoXld be noWed WhaW gUoXp C10¶V climbing
aVVa\ ZaV condXcWed on da\ 19 inVWead of da\ 15. The mean climbing inde[ ZaV deWeUmined Wo
be appUo[imaWel\ 3.25, ZiWh a VWandaUd deYiaWion of appUo[imaWel\ 1.50.
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FLJXUH 5. RDZ DDWD IRU 20-GD\ COLPELQJ IQGLFHV (CI) RI WKH CRQWURO GURXS. A WoWal of 112
male flieV compUiVed Whe 15 gUoXpV of F1 conWUol flieV. FeZeU flieV peUfoUmed climbing aVVa\V
becaXVe Vome flieV ZeUe loVW, WUanVfeUUing Whe flieV Wo fUeVh food YialV. Climbing indiceV foU Whe 15
gUoXpV of F1 conWUol flieV had an\ZheUe fUom 5±14 flieV in a gUoXp, UepUeVenWed b\ ³N FlieV,´
ZeUe calcXlaWed. ³T#X,´ ZheUe ³X´ UepUeVenWV a nXmbeU 1±5, ZaV Whe WUial nXmbeU of hoZ man\
flieV cUoVVed Whe 6 cm WhUeVhold Wo be coXnWed aV a VXcceVVfXl climb. IW VhoXld be noWed WhaW
gUoXpV C9 and C10¶V climbing aVVa\V ZeUe condXcWed on da\ 22 inVWead of da\ 20. AddiWionall\,
gUoXp C11¶V climbing aVVa\ ZaV condXcWed on da\ 18 inVWead of da\ 20. The mean climbing
inde[ ZaV deWeUmined Wo be appUo[imaWel\ 1.88, ZiWh a VWandaUd deYiaWion of appUo[imaWel\ 1.36.

TKH 15 aQd 20-da\ cOLPbLQJ aVVa\ daWa IRU WKH H[SHULPHQWaO JURXS cROOHcWHd IURP OcWRbHU 24WK
WR NRYHPbHU 28WK aUH VKRZQ bHORZ LQ FLJXUHV 6 aQd 7, UHVSHcWLYHO\. FLYH cOLPbLQJ aVVa\ WULaOV
ZHUH SHUIRUPHd IRU HacK F1 IO\ H[SHULPHQWaO JURXS, ZKLcK ZHUH WKHQ XVHd WR caOcXOaWH WKH
cOLPbLQJ LQdLcHV RI HacK JURXS. A WRWaO RI 108 PaOH IOLHV WKaW YaULHd LQ QXPbHU bHWZHHQ WKH 14
H[SHULPHQWaO JURXSV Kad aQ aYHUaJH cOLPbLQJ LQdH[ RI 4.08 ZLWK a VWaQdaUd dHYLaWLRQ RI 0.907
IRU WKH 15-da\ cOLPbLQJ aVVa\ aQd aQ aYHUaJH cOLPbLQJ LQdH[ RI 3.08 ZLWK a VWaQdaUd dHYLaWLRQ RI
1.21 IRU WKH 20-da\ cOLPbLQJ aVVa\.
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FLJXUH 6. RDZ DDWD IRU 15-GD\ COLPELQJ IQGLFHV (CI) RI WKH E[SHULPHQWDO GURXS. A WoWal of
108 male flieV compUiVed Whe 14 gUoXpV of F1 e[peUimenWal flieV. Climbing indiceV foU Whe 14
gUoXpV of F1 e[peUimenWal flieV had an\ZheUe fUom 6±10 flieV in a gUoXp, UepUeVenWed b\ ³N
FlieV,´ ZeUe calcXlaWed. ³T#X,´ ZheUe ³X´ UepUeVenWV a nXmbeU 1±5, ZaV Whe WUial nXmbeU of
hoZ man\ flieV cUoVVed Whe 6 cm WhUeVhold Wo be coXnWed aV a VXcceVVfXl climb. The mean
climbing inde[ ZaV deWeUmined Wo be appUo[imaWel\ 4.08, ZiWh a VWandaUd deYiaWion of
appUo[imaWel\ 0.907.
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FLJXUH 7. RDZ DDWD IRU 20-GD\ COLPELQJ IQGLFHV (CI) RI WKH E[SHULPHQWDO GURXS. A WoWal of
102 male flieV compUiVed Whe 14 gUoXpV of F1 e[peUimenWal flieV. FeZeU flieV peUfoUmed climbing
aVVa\V becaXVe Vome flieV ZeUe loVW, WUanVfeUUing Whe flieV Wo fUeVh food YialV. Climbing indiceV
foU Whe 14 gUoXpV of F1 e[peUimenWal flieV had an\ZheUe fUom 5±10 flieV in a gUoXp, UepUeVenWed
b\ ³N FlieV,´ ZeUe calcXlaWed. ³T#X,´ ZheUe ³X´ UepUeVenWV a nXmbeU 1±5, ZaV Whe WUial
nXmbeU of hoZ man\ flieV cUoVVed Whe 6 cm WhUeVhold Wo be coXnWed aV a VXcceVVfXl climb. The
mean climbing inde[ ZaV deWeUmined Wo be appUo[imaWel\ 3.08, ZiWh a VWandaUd deYiaWion of
appUo[imaWel\ 1.21.

UnpaiUed W-WeVW ReVXlWV
TKH UHVXOWV RI WKH XQSaLUHd W-WHVWV IRU WKH cRQWURO aQd H[SHULPHQWaO JURXSV aUH VKRZQ LQ TabOH 1.
TKH 15-da\ cOLPbLQJ aVVa\ XQSaLUHd W-WHVW UHYHaOHd WKaW WKH UHVXOWV ZHUH QRW VWaWLVWLcaOO\
VLJQLILcaQW, LQdLcaWHd b\ WKH S-YaOXH bHLQJ JUHaWHU WKaQ 0.05. IQ cRQWUaVW, WKH 20-da\ cOLPbLQJ
aVVa\ XQSaLUHd W-WHVW dHPRQVWUaWHd WKaW WKH UHVXOWV ZHUH VWaWLVWLcaOO\ VLJQLILcaQW. TKLV ZaV SURYHQ
b\ WKH S-YaOXH bHLQJ OHVV WKaQ 0.05.
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7DEOH 1. P-VaOXHV IRU WKH 15 aQd 20-da\ COLPbLQJ AVVa\V

15-DD\ COLPELQJ AVVD\ P-9DOXH 20-DD\ COLPELQJ AVVD\ P-9DOXH

p = 0.084 p = 0.020

DLVFXVVLRQ
15-Da\ Climbing AVVa\ DaWa Anal\ViV
AQ aQaO\VLV RI WKH daWa aPaVVHd IRU WKH 15-da\ cOLPbLQJ aVVa\ VXJJHVWHd WKaW UHVcXH RI WKH
iPLA2-6A JHQH RccXUUHd, bXW WKLV cRQcOXVLRQ cRXOd QRW bH cRUURbRUaWHd VLQcH WKH S-YaOXH IRU WKH
XQSaLUHd W-WHVW ZaV QRW VWaWLVWLcaOO\ VLJQLILcaQW. TKaW bHLQJ VaLd, WKH S-YaOXH ZaV QHaU WKH VWaQdaUd
p < 0.05 YaOXH IRU WKH UHVXOWV IURP WKLV daWa WR bH cRQVLdHUHd VLJQLILcaQW aQd QRW dXH WR cKaQcH. IW
LV OLNHO\ WKaW ZLWK a OaUJHU VaPSOH VL]H aQd addLWLRQaO 15-da\ cOLPbLQJ aVVa\V SHUIRUPHd RQ QHZ
IO\ JURXSV, WKH UHVXOWV ZRXOd \LHOd a VWaWLVWLcaOO\ VLJQLILcaQW YaOXH.14 FXUWKHU UHVHaUcK PXVW bH
cRQdXcWHd WR WHVW WKLV K\SRWKHVLV. NRW VXUSULVLQJO\, WKH PXWaQW PaOH F1 IOLHV Kad a KLJKHU cOLPbLQJ
LQdH[ WKaQ WKH cRQWURO F1 PaOH IO\ JURXS. TKLV ZaV H[SHcWHd VLQcH UHVcXH ZaV PRUH abOH WR RccXU
LQ WKH PXWaQW PaOH IOLHV, KHOSLQJ WKHP SRWHQWLaOO\ bH PRUH VXccHVVIXO aW cOLPbLQJ WKaQ LQ WKH
cRQWURO IO\ JURXS. TKH VWaQdaUd dHYLaWLRQ ZaV PXcK KLJKHU WKaQ H[SHcWHd. PRVVLbOH H[SOaQaWLRQV
IRU ZK\ WKH daWa YaULHd VR PXcK IURP WKH PHaQ LQcOXdH WKH WLPH RI da\ WKH cOLPbLQJ aVVa\V ZHUH
cRQdXcWHd aQd XQHTXaO WaSSLQJ VWUHQJWK aSSOLHd WR WKH cOLPbLQJ aVVa\ aSSaUaWXV b\ dLIIHUHQW
PHPbHUV LQ WKH Oab JURXS, OHadLQJ WR YaULabOH UHVXOWV. RHLJHU HW aO. IRXQd WKaW IUXLW IOLHV ZHUH
PRVW acWLYH aW HaUO\ daZQ aQd OaWH dXVN.15 AW WKH bHJLQQLQJ RI WKH OLWWOH RYHU a PRQWK WLPH SHULRd
VSHQW cROOHcWLQJ cOLPbLQJ LQdH[ daWa, PaQ\ RI WKH cOLPbLQJ aVVa\V SHUIRUPHd ZHUH cRQdXcWHd aW
OaWH dXVN. IQWHUHVWLQJO\, WKH KLJKHVW cOLPbLQJ LQdLcHV ZHUH UHcRUdHd aW WKaW WLPH RI da\. TKHUHIRUH,
cOLPbLQJ aVVa\V SHUIRUPHd aW WLPHV QRW aW HaUO\ daZQ RU OaWH dXVN Pa\ bH WKH caXVH IRU WKH
YaULabOH daWa, OHadLQJ WR a KLJK VWaQdaUd dHYLaWLRQ. HRZHYHU, RQcH aJaLQ, LQcUHaVLQJ WKH VaPSOH
VL]H VKRXOd aOOHYLaWH WKH KLJK VWaQdaUd dHYLaWLRQ, bXW IXUWKHU WHVWLQJ LV QHHdHd WR YaOLdaWH WKLV
cOaLP.16

20-Da\ Climbing AVVa\ DaWa Anal\ViV
TKH daWa cROOHcWHd IRU WKH 20-da\ cOLPbLQJ aVVa\ ZaV dHWHUPLQHd WR bH VWaWLVWLcaOO\ VLJQLILcaQW, aV
WKH S-YaOXH IRU WKH XQSaLUHd W-WHVW ZaV 0.020. TKH PXWaQW F1 IOLHV Kad a VLJQLILcaQWO\ bHWWHU
cOLPbLQJ LQdH[ VcRUH WKaQ WKH F1 cRQWURO IO\ JURXSV. TKLV ZaV H[SHcWHd VLQcH UHVcXH ZaV PRUH
abOH WR RccXU LQ WKH PXWaQW PaOH IOLHV, KHOSLQJ WKHP SRWHQWLaOO\ bH PRUH VXccHVVIXO aW cOLPbLQJ
WKaQ LQ WKH cRQWURO IO\ JURXSV. AV H[SHcWHd, WKH cOLPbLQJ LQdH[ VcRUH IRU bRWK WKH cRQWURO aQd
PXWaQW IOLHV RI WKH 20-da\ cOLPbLQJ aVVa\V ZaV ORZHU WKaQ WKH cOLPbLQJ LQdH[ VcRUH IRU WKH
cRQWURO aQd PXWaQW IOLHV RI WKH 15-da\ cOLPbLQJ aVVa\V. SLQcH PRUH WLPH SaVVHd, WKH 20-da\
cRQWURO aQd PaOH PXWaQW IOLHV Kad OHVV ORcRPRWRU abLOLW\ WKaQ WKH\ dLd 5 da\V SULRU. FXUWKHUPRUH,
aV SUHdLcWHd, WKH cRQWURO IO\ JURXSV IURP WKH 15 aQd 20-da\ cOLPbLQJ aVVa\V Kad a PRUH SURIRXQd
ORVV RI VXccHVVIXO cOLPbV cRPSaUHd WR WKH PaOH PXWaQW IOLHV. AV a UHVXOW, WKH aYHUaJH cOLPbLQJ
LQdLcHV IRU WKH cRQWURO IO\ JURXSV Kad a 42.1% UHdXcWLRQ LQ VXccHVVIXO cOLPbV (CaOcXOaWLRQ 1).
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CRPSaUHd WR WKH cRQWURO IO\ JURXSV, WKH aYHUaJH cOLPbLQJ LQdLcHV IRU WKH PaOH PXWaQW IO\ JURXSV
ZHUH RQO\ UHdXcHd b\ 24.4% (CaOcXOaWLRQ 2).

𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛 1.   % 𝐷𝑒𝑐𝑟𝑒𝑎𝑠𝑒 = 𝐹𝑖𝑛𝑎𝑙 − 𝑆𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑉𝑎𝑙𝑢𝑒 
𝑆𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑉𝑎𝑙𝑢𝑒| | 𝑥 100% → 1.88 − 3.25

3.25| |  𝑥 100% =  − 42. 1% 

𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛 2.   % 𝐷𝑒𝑐𝑟𝑒𝑎𝑠𝑒 =  𝐹𝑖𝑛𝑎𝑙 − 𝑆𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑉𝑎𝑙𝑢𝑒 
𝑆𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑉𝑎𝑙𝑢𝑒| | 𝑥 100% → 3.08−4.08

4.08  𝑥 100% =  − 24. 4% 

LLNH WKH 15-da\ cOLPbLQJ aVVa\ daWa, WKH VWaQdaUd dHYLaWLRQ IRU WKH 20-da\ cOLPbLQJ aVVa\ daWa
ZaV KLJKHU WKaQ H[SHcWHd. TKLV cRXOd bH dXH WR WKH UHaVRQV SURSRVHd LQ WKH 15-da\ cOLPbLQJ
aVVa\ daWa aQaO\VLV VHcWLRQ RU VRPH RWKHU UHaVRQV \HW WR bH dHWHUPLQHd. IQ aQ\ caVH, WR PaNH WKH
daWa OHVV YaULHd IURP WKH PHaQ, IXUWKHU UHVHaUcK VKRXOd bH cRQdXcWHd ZKHUH WKH VaPSOH VL]H RI
WKH IOLHV LV OaUJHU WKaQ WKH RQH XVHd KHUH.16

E[amining Whe MolecXlaU MechaniVmV WhaW Led Wo ReVcXe in Whe MXWanW Fl\ GUoXpV
A WKRURXJK H[SOaQaWLRQ RI WKH PROHcXOaU PHcKaQLVPV KHOSV RQH WR XQdHUVWaQd ZK\ WKH ZLOd-W\SH
iPLA2-6A aOOHOH ZaV abOH WR bH PRUH UHVcXHd LQ WKH PXVcOH cHOOV RI WKH PXWaQW PaOH IO\ JURXSV
WKaQ WKH cRQWURO IO\ JURXSV. AV PHQWLRQHd HaUOLHU, a VSHcLILc GAL4 dULYHU, GAL4-DJ667, ZaV
UHTXLUHd WR UHVWRUH WKH ZLOd-W\SH aOOHOH IRU WKH iPLA2-6A JHQH RQO\ LQ PXVcOH cHOOV. IQ RUdHU WR
accRPSOLVK WKLV, GAL4-DJ667 ZaV bRXQd ZLWK UAS-iPLA2-6A (FLJXUH 8).
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FLJXUH 8. MROHFXODU RHSUHVHQWDWLRQ RI HRZ GHQH E[SUHVVLRQ OQO\ OFFXUUHG LQ WKH MXVFOH
CHOOV RI WKH MXWDQW FOLHV (AGDSWHG IURP RHIHUHQFH 17). In oUdeU Wo e[pUeVV Whe iPLA2-6A
gene onl\ in Whe mXVcle cellV, a fl\ ZiWh DJ667-GAL4 ZaV maWed Wo a fl\ ZiWh Whe UAS-iPLA2-6A
WUanVgene. The F1 pUogen\¶V genoW\pe WhXV became DJ667-GAL4/UAS-iPLA2-6A. A GAL4
pUoWein WhaW acWV aV a WUanVcUipWional acWiYaWoU bindV Wo Whe UAS-iPLA2-6A WUanVgene. When RNA
pol\meUaVe bindV Wo Whe GAL4 pUoWein, PhoVpholipaVe A2, an en]\me WhaW helpV ZiWh lipid
meWaboliVm and mainWaining Whe inWegUiW\ of Whe cell membUane, iV pUodXced and e[pUeVVed.18 An\
geneV WhaW aUe encoded doZnVWUeam of Whe UAS-iPLA2-6A WUanVgene Zill onl\ be e[pUeVVed Zhen
GAL4 iV e[pUeVVed.11

TKH DJ667-GAL4/UAS-iPLA2-6A V\VWHP H[SUHVVHd WKH ZLOd-W\SH aOOHOH RI WKH UAS-iPLA2-6A
WUaQVJHQH LQ WKH PXWaQW IO\ JURXSV bXW QRW LQ WKH cRQWURO IO\ JURXSV VLQcH WKH cRQWURO IO\ JURXSV
OacNHd WKH UAS-iPLA2-6A WUaQVJHQH. AV VXcK, PKRVSKROLSaVH A2, WKH JHQH SURdXcW RI WKH
UAS-iPLA2-6A WUaQVJHQH, ZaV QRW abOH WR bH SURdXcHd aQd H[SUHVVHd. PKRVSKROLSaVH A2 LV aQ
LPSRUWaQW HQ]\PH WKaW aVVLVWV ZLWK OLSLd PHWabROLVP aQd PaLQWaLQLQJ WKH LQWHJULW\ RI WKH cHOO
PHPbUaQH.18 AV MRUL HW aO. K\SRWKHVL]Hd, WKH OacN RI LQWHJULW\ RI WKH cHOO PHPbUaQH caXVHd
𝛼-S\QXcOHLQ WR aJJUHJaWH LQ WKH IRUP RI LHZ\ bRdLHV aQd LHZ\ QHXULWHV.8,19 AQ RYHUabXQdaQcH
RI 𝛼-S\QXcOHLQ KaV bHHQ VKRZQ WR OHad WR QHXURQaO dHaWK, a dHILQLQJ IHaWXUH RI QHXURdHJHQHUaWLYH
dLVHaVHV OLNH PaUNLQVRQ¶V dLVHaVH.9 SSHcLILcaOO\ UHOaWHd WR PaUNLQVRQ¶V dLVHaVH, 𝛼-S\QXcOHLQ KaV
aOVR bHHQ SURYHQ WR UHJXOaWH dRSaPLQH SURdXcWLRQ.9 WKHQ 𝛼-S\QXcOHLQ accXPXOaWHV, dRSaPLQH
SURdXcWLRQ LV LQKLbLWHd. SLQcH dRSaPLQH QRUPaOO\ LQKLbLWV 𝛼-S\QXcOHLQ aJJUHJaWLRQ, LHZ\ bRdLHV
aQd LHZ\ QHXULWHV, OaUJH cOXPSV RI 𝛼-S\QXcOHLQ, cRQWLQXH WR accXPXOaWH LQ aQ RUJaQLVP¶V bUaLQ.
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WKHQ a ORVV RI IXQcWLRQ PXWaWLRQ RccXUUHd LQ WKH iPLA2-6A JHQH RI WKH cRQWURO JURXS IOLHV,
PKRVSKROLSaVH A2 ZaV QRW SURdXcHd, aQd VR WKH LQWHJULW\ RI WKH cHOO PHPbUaQH ZaV QRW abOH WR bH
PaLQWaLQHd. TKLV OHd WR aQ accXPXOaWLRQ RI 𝛼-S\QXcOHLQ LQ WKH bUaLQV RI WKH IOLHV, ZKLcK UHVXOWHd
LQ WKHP dHYHORSLQJ PaUNLQVRQ¶V dLVHaVH. TKH ORcRPRWRU abLOLW\ RI WKH cRQWURO IO\ JURXS ZaV
KLQdHUHd, aV VHHQ b\ WKH ORZHU cOLPbLQJ LQdH[ VcRUHV cRPSaUHd WR WKH PXWaQW IO\ JURXSV. LLNH WKH
cRQWURO IO\ JURXSV, WKH PXWaQW IO\ JURXSV LQLWLaOO\ aOVR Kad a ORVV RI IXQcWLRQ PXWaWLRQ LQ WKH
iPLA2-6A JHQH. TKLV caXVHd WKH IOLHV WR KaYH aQ accXPXOaWLRQ RI 𝛼-S\QXcOHLQ LQ WKHLU bUaLQV,
ZKLcK OHd WR PaUNLQVRQ¶V dLVHaVH. HRZHYHU, aIWHU HVWabOLVKLQJ cURVVHV WKaW \LHOdHd F1 IO\ SURJHQ\
ZLWK WKH UAS-iPLA2-6A WUaQVJHQH, PKRVSKROLSaVH A2 ZaV abOH WR bH SURdXcHd RQcH aJaLQ.
CRQVHTXHQWO\, WKH PXWaQW IO\ JURXSV SHUIRUPHd VLJQLILcaQWO\ bHWWHU LQ WKH cOLPbLQJ aVVa\ WHVWV
WKaQ WKH cRQWURO IO\ JURXSV.

TKH UHVXOWV RI WKLV H[SHULPHQW KaYH SURYHQ WKaW PXVcOH cHOOV aUH aIIHcWHd b\ PaUNLQVRQ¶V dLVHaVH,
HVSHcLaOO\ aV WLPH SaVVHV, aQd WKaW UHVcXH caQ RccXU LQ WLVVXH-VSHcLILc cHOOV. FXWXUH UHVHaUcK
VKRXOd IRcXV RQ LQYHVWLJaWLQJ LI WLVVXH-VSHcLILc UHVcXH caQ bH acKLHYHd LQ KXPaQV ZKR KaYH
dHYHORSHd PaUNLQVRQ¶V dLVHaVH.

FXWXUe E[peUimenWaWion: AdapWaWion of Fl\VRena Wo FXUWheU InYeVWigaWe ReVcXe of Whe iPLA2-6A
Gene, Leading Wo BeWWeU LocomoWoU AbiliW\
FO\VRHQa, a dHYLcH cUHaWHd b\ CUX] HW aO., caQ bH adaSWHd WR H[aPLQH KRZ UHVcXH RI WKH
iPLA2-6A JHQH caQ OHad WR bHWWHU ORcRPRWRU abLOLW\ LQ IOLHV.20 TKH aQaO\]Hd UHVXOWV IURP WKH
FO\VRHQa H[SHULPHQW ZLOO bH cRPSaUHd WR WKH UHVXOWV RI WKH IOLHV¶ ORcRPRWRU abLOLW\ dXULQJ
cOLPbLQJ aVVa\V.

FO\VRHQa LV a YLUWXaO UHaOLW\ V\VWHP WKaW aOORZV LQVHcWV WR ZaON IUHHO\ LQ aQ aUHQa, aOO WKH ZKLOH
VHQVRUV aQd caPHUaV cROOHcW aQd aQaO\]H daWa RQ WKH IO\¶V PRYHPHQW (FLJXUH 9).
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FLJXUH 9. FO\9RHQD.20 A fUXiW fl\ iV placed in Whe aUena and iV alloZed Wo Uoam Whe aUena flooU.
CameUaV and VenVoUV WUack Whe moYemenW of Whe fl\ and collecW and anal\]e daWa baVed on Whe
fl\¶V moYemenW. The daWa WhaW iV collecWed and anal\]ed iV VenW Wo a compXWeU, ZheUe Whe daWa can
be fXUWheU anal\]ed ZiWh Vpecific VofWZaUe. While Whe figXUe doeV noW VhoZ iW, Whe Wop of Whe aUena
iV encloVed ZiWh a plaWe of glaVV coYeUed in VigmacoWe, a chemical WhaW Whe flieV do noW like. ThiV
deWeUV Whe flieV fUom Zalking on Whe ceiling.

WKLOH WKH RULJLQaO H[SHULPHQW cRQdXcWHd b\ CUX] HW aO. XVHd YLUWXaO UHaOLW\ WR PaNH RbMHcWV
aSSHaU aV WKH IOLHV URaPHd WKH aUHQa IORRU, WKH XVH RI YLUWXaO UHaOLW\ ZLOO QRW bH UHTXLUHd LQ WKLV
IXWXUH H[SHULPHQW.20 AV VXcK, WKH SURMHcWRU aQd PLUURU SaUWV RI FO\VRHQa ZRXOd QRW bH XVHd.
HRZHYHU, WKH RWKHU cRPSRQHQWV RI FO\VRHQa, LQcOXdLQJ WKH aUHQa, VWaQd WR KROd WKH aUHQa, cRYHU
RI WKH aUHQa cRaWHd ZLWK a Oa\HU RI VLJPacRWH, caPHUa, VHQVRUV, aQd a cRPSXWHU WR IXUWKHU aQaO\]H
WKH daWa, ZRXOd bH XVHd.

TKH cOLPbLQJ aVVa\V SHUIRUPHd LQ WKLV H[SHULPHQW WHVWHd RQH IRUP RI ORcRPRWLRQ WKaW WKH IOLHV
cRXOd SHUIRUP: IO\LQJ. HRZHYHU, IOLHV KaYH RWKHU ORcRPRWRU abLOLWLHV, VXcK aV ZaONLQJ. B\ XVLQJ
FO\VRHQa, WKH ZaONLQJ abLOLWLHV RI WKH IOLHV ZRXOd bH H[aPLQHd. NHZ cRQWURO aQd PXWaQW IO\
JURXSV WKaW Kad WKH iPLA2-6A JHQH NQRcNHd RXW ZRXOd bH XVHd. TKH VaPH SURcHdXUH LQ WHUPV RI
SaVVLQJ, cROOHcWLQJ, aQd VRUWLQJ WKH IOLHV IURP bRWK JURXSV ZRXOd bH IROORZHd. WKHQ WKH F1 IOLHV
IURP WKH cRQWURO aQd PXWaQW IO\ JURXSV UHacKHd 15 aQd 20 da\V ROd, a VLQJOH IO\ IURP WKH cRQWURO
aQd PXWaQW JURXSV ZRXOd bH SOacHd LQ a FO\VRHQa aSSaUaWXV. IQ RUdHU WR HQVXUH WKaW WKH IOLHV
ZRXOd ZaON RQO\ RQ WKH IORRU RI WKH aUHQa, cHUWaLQ PRdLILcaWLRQV ZRXOd QHHd WR bH PadH WR WKH
aSSaUaWXV. TR VWaUW, VLQcH IOLHV KaYH bHHQ VKRZQ WR bH SKRbLRcHQWULc, WKH cLUcXPIHUHQcH RI WKH
aUHQa ZRXOd QHHd WR bH KHaWHd WR a WHPSHUaWXUH RI 40 �C. TKLV ZRXOd HQVXUH WKaW WKH IOLHV VWa\Hd
WRZaUd WKH PLddOH RI WKH aUHQa. AddLWLRQaOO\, WR HQVXUH WKaW WKH IOLHV VWa\ RQ WKH IORRU RI WKH aUHQa
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aQd QRW URaP RQ WKH cHLOLQJ, a cRYHU ZLWK a WKLQ Oa\HU RI VLJPacRWH, a cKHPLcaO WKaW WKH IOLHV aUH
aYHUVH WR, ZRXOd bH SOacHd RQ WRS RI WKH aUHQa. WLWK WKHVH PRdLILcaWLRQV LQ SOacH, WKH IO\ ZRXOd
bH IRUcHd WR ZaON RQ WKH IORRU RI WKH aUHQa.

TKH IOLHV ZRXOd KaYH a 10-PLQXWH H[SORULQJ SHULRd VR WKaW WKH\ cRXOd accOLPaWH WR WKHLU QHZ
HQYLURQPHQW. WKHQ WKH 10 PLQXWHV SaVVHd, WKH IO\ ZRXOd bH aOORZHd WR ZaON WKH aUHQa IRU 30
PLQXWHV. CaPHUaV aQd VHQVRUV ZRXOd WUacN WKH PRYHPHQW RI WKH IO\ aQd VHQd WKLV LQIRUPaWLRQ WR
WKH cRPSXWHU, ZKHUH VRIWZaUH caQ bH XVHd WR aQaO\]H WKH daWa. TKLV SURcHdXUH ZRXOd bH dRQH IRU
ILYH WULaOV. TKH ZaONLQJ LQdH[, ZKLcK LV WKH WRWaO dLVWaQcH cRYHUHd b\ aOO WKH IOLHV LQ a JURXS
dLYLdHd b\ WKH WRWaO QXPbHU RI IOLHV LQ a JURXS, ZRXOd WKHQ bH caOcXOaWHd. IW LV SUHdLcWHd WKaW WKH
cRQWURO IO\ JURXSV ZRXOd H[SORUH a ORW OHVV RI WKH aUHQa WKaQ WKH PXWaQW IO\ JURXSV VLQcH
ORcRPRWRU abLOLW\ LQ WKH cRQWURO IO\ JURXSV VKRXOd bH PRUH LPSHdHd aV UHVcXH RI WKH iPLA2-6A
JHQH LV QRW RccXUULQJ (FLJXUH 10). TKLV ZRXOd bH VKRZQ VWaWLVWLcaOO\ b\ WKH cRQWURO IO\ JURXSV
KaYLQJ a ORZHU ZaONLQJ LQdH[ WKaQ WKH PXWaQW IO\ JURXSV. TKH daWa IURP WKH FO\VRHQa
H[SHULPHQW ZRXOd bH cRPSaUHd WR WKH daWa IURP WKH cOLPbLQJ aVVa\ H[SHULPHQW WR H[aPLQH LI
cHUWaLQ IRUPV RI ORcRPRWLRQ VHHP WR KaYH bHWWHU UHVcXH WKaQ WKH RWKHU IRUPV RI ORcRPRWLRQ.

FLJXUH 10. PUHGLFWHG :DONLQJ PDWWHUQV RI WKH CRQWURO FO\ GURXSV (LHIW) YV. WKH MXWDQW FO\
GURXSV (RLJKW).20 A fl\ ZoXld be placed in Whe Fl\VRena and When be giYen a 10-minXWe
e[ploUaWoU\ peUiod Wo acclimaWe Whe fl\ Wo iWV enYiUonmenW. Then, Whe fl\ ZoXld be giYen 30
minXWeV Wo Zalk aUoXnd Whe aUena. The moYemenW of Whe fl\ ZoXld be WUacked b\ cameUaV and
VenVoUV, and WhaW daWa ZoXld be VenW Wo a compXWeU foU anal\ViV XVing VofWZaUe pUogUamV. IW iV
pUedicWed WhaW Whe conWUol fl\ gUoXpV ZoXld haYe a VimilaU Zalking paWWeUn Wo Whe picWXUe on Whe
lefW, aV no UeVcXe of Whe iPLA2-6A gene iV occXUUing in WhoVe flieV. AV a UeVXlW, PhoVpholipaVe A2
iV noW being pUodXced, Vo Whe flieV ZoXld accXmXlaWe 𝛼-S\nXclein in WheiU bUainV. ThiV ZoXld lead
Wo PaUkinVon¶V diVeaVe, Zhich pUeVenWV ZiWh UedXced locomoWoU abiliW\. In conWUaVW, Whe mXWanW fl\
gUoXpV aUe pUedicWed Wo haYe Zalking paWWeUnV VimilaU Wo Whe picWXUe on Whe UighW Vince UeVcXe of
Whe iPLA2-6A gene iV occXUUing in onl\ WhoVe flieV. PhoVpholipaVe A2 iV being pUodXced, Vo Whe
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flieV aUe noW accXmXlaWing a laUge amoXnW of 𝛼-S\nXclein in WheiU bUainV. ThiV VhoXld lead Wo noW
aV VeYeUe locomoWoU impedimenWV aV Whe conWUol fl\ gUoXpV aUe pUedicWed Wo haYe.

CRQFOXVLRQ
TKLV H[SHULPHQW LQYHVWLJaWHd LI iPLA2-6A IXQcWLRQV LQ PXVcOH cHOOV RI DUoVophila melanogaVWeU
WR PaLQWaLQ aJLQJ KHaOWK. IQ RUdHU WR dHWHUPLQH WKLV, WKH ZLOd-W\SH aOOHOH ZaV SOacHd LQ PXWaQW IO\
JURXSV WKURXJK WKH WUaQVJHQH, UAS-iPLA2-6A, WR aVcHUWaLQ LI WKH ZLOd-W\SH aOOHOH ZaV VXIILcLHQW
WR UHVcXH PRWRU dHcOLQH LQ NQRcNRXW iPLA2-6A IOLHV. COLPbLQJ aVVa\V ZHUH SHUIRUPHd WR WHVW LI
ORcRPRWRU abLOLW\ LQ WKH IOLHV LPSURYHd ZLWK WKH ZLOd-W\SH aOOHOH SUHVHQW. AOWKRXJK WKH 15-da\
cOLPbLQJ aVVa\ UHVXOWV VXJJHVWHd WKaW WKHUH ZaV a SaUWLaO UHVcXH RI WKH iPLA2-6A JHQH LQ WKH
PXWaQW IO\ JURXSV, WKLV cRQcOXVLRQ cRXOd QRW bH dHILQLWLYHO\ VWaWHd, aV WKH S-YaOXH ZaV VOLJKWO\
KLJKHU WKaQ aQ accHSWabOH S-YaOXH. UQOLNH WKH 15-da\ cOLPbLQJ aVVa\ daWa, WKH 20-da\ cOLPbLQJ
aVVa\ S-YaOXH UHYHaOHd WKaW SaUWLaO UHVcXH RI WKH iPLA2-6A JHQH LQ WKH PXWaQW IO\ JURXSV ZaV
accRPSOLVKHd. A cRPSaULVRQ RI WKH 15 aQd 20-da\ cOLPbLQJ aVVa\ UHVXOWV dLVSOa\Hd a dHcUHaVH LQ
cOLPbLQJ LQdH[ VcRUHV IRU bRWK WKH cRQWURO aQd PXWaQW IO\ JURXSV. TKaW bHLQJ VaLd, aV WKH IOLHV
aJHd, WKH cRQWURO IO\ JURXSV Kad a PRUH VLJQLILcaQW UHdXcWLRQ LQ cOLPbLQJ LQdH[ VcRUHV WKaQ WKH
PXWaQW IO\ JURXSV. TKXV, SaUWLaO UHVcXH RI WKH iPLA2-6A JHQH LQ WKH PXWaQW IO\ JURXSV ZaV PRUH
aSSaUHQW ZLWK WLPH. FXWXUH UHVHaUcK VKRXOd IRcXV RQ LQYHVWLJaWLQJ LI WLVVXH-VSHcLILc UHVcXH caQ bH
acKLHYHd LQ KXPaQV ZKR KaYH dHYHORSHd PaUNLQVRQ¶V dLVHaVH.

AFNQRZOHGJPHQWV
AOO IO\ daWa ZaV cRQdXcWHd LQ PURIHVVRU JRVHIa SWHLQKaXHU¶V OabRUaWRU\, aQ aVVRcLaWH SURIHVVRU RI
bLRORJ\ aW YHVKLYa UQLYHUVLW\. I ZRXOd OLNH WR WKaQN KHU IRU KHU cRQWLQXRXV VXSSRUW aQd aVVLVWaQcH
RYHU WKH cRXUVH RI P\ UHVHaUcK. AddLWLRQaOO\, I ZRXOd OLNH WR WKaQN P\ OabRUaWRU\ SaUWQHUV, AaURQ
LXbaW, AOH[aQdHU SLHJPaQ, aQd SKORPR SKaXOLaQ, IRU WKHLU KHOS ZLWK cROOHcWLQJ daWa IRU WKLV
UHVHaUcK SURMHcW.
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<HVKLYD UQLYHUVLW\ JRXUQDO RI MHGLFLQH DQG DHQWLVWU\

RHYLHZ

BRG1: PURPRWHU RU SXSSUHVVRU RI CDQFHU? TKH OXWFRPH
RI BRG1ÌV IQWHUDFWLRQ ZLWK SSHFLILF CHOOXODU PDWKZD\V
ADURQ SKD\NHYLFK,* IVDDF SLOYHUPDQ,* GDUJL BDQG\RSDGK\D\D, DQG RDGKDVKUHH
MDLWUD
*TKHVH DXWKRUV FRQWULEXWHG HTXDOO\ WR WKLV ZRUN.

AEVWUDFW
BRG1 LV RQH RI WZR caWaO\WLc VXbXQLWV RI WKH SWI/SNF ATP-dHSHQdHQW cKURPaWLQ-UHPRdHOLQJ
cRPSOH[. IQ caQcHU, LW KaV bHHQ K\SRWKHVL]Hd WKaW BRG1 acWV aV a WXPRU VXSSUHVVRU. FXUWKHU
VWXd\ KaV VKRZQ WKaW, XQdHU cHUWaLQ cLUcXPVWaQcHV, BRG1 acWV aV aQ RQcRJHQH. TaUJHWHd
NQRcNRXW RI BRG1 KaV SURYHQ VXccHVVIXO LQ PRVW caQcHUV LQ VXSSUHVVLQJ WXPRU JURZWK aQd
SUROLIHUaWLRQ. FXUWKHUPRUH, BRG1 HIIHcWV caQcHU SUROLIHUaWLRQ LQ RQcRJHQLc KRAS PXWaWHd
caQcHUV, ZLWK YaU\LQJ dLUHcWLRQaOLW\. TKXV, dLVVHcWLQJ BRG1¶V LQWHUacWLRQ ZLWK YaULRXV cHOOXOaU
SaWKZa\V caQ KLJKOLJKW SRVVLbOH LQWHUPHdLaWHV WKaW caQ IacLOLWaWH WKH dHVLJQ RI dLIIHUHQW WUHaWPHQW
PHWKRdV, LQcOXdLQJ BRG1 LQKLbLWLRQ. AXWRSKaJ\ aQd aSRSWRVLV aUH WZR LPSRUWaQW cHOOXOaU
UHVSRQVHV WR VWUHVV. BRG1 SOa\V a dLUHcW UROH LQ aXWRSKaJ\ aQd aSRSWRVLV aQd OLNHO\ SURPRWHV
aXWRSKaJ\ aQd VXSSUHVVHV aSRSWRVLV, VXSSRUWLQJ XQIHWWHUHd caQcHU JURZWK. PRMT5 LQKLbLWV
WUaQVcULSWLRQ b\ LQWHUacWLQJ ZLWK ATP-dHSHQdHQW cKURPaWLQ UHPRdHOLQJ cRPSOH[HV, VXcK aV
SWI/SNF. WKHQ PRMT5 aVVRcLaWHV ZLWK WKH SWI/SNF cRPSOH[, LQcOXdLQJ BRG1, LW UHSUHVVHV
WXPRU VXSSUHVVRU JHQHV. TKH RaV/RaI/MAPK/ERK1/2 SaWKZa\ LQ caQcHUV LV a VLJQaO
WUaQVdXcWLRQ SaWKZa\ LQYROYHd LQ WKH WUaQVcULSWLRQ RI JHQHV UHOaWHd WR caQcHU VXUYLYaO. BRG1 KaV
bHHQ VKRZQ WR HIIHcW KRAS-dULYHQ caQcHU JURZWK. BRG1 aVVRcLaWHV ZLWK VHYHUaO SURWHLQV ZLWKLQ
WKH VLJQaO WUaQVdXcWLRQ SaWKZa\. IQ WKLV UHYLHZ, ZH aQaO\]H BRG1 aV a SURPLVLQJ WaUJHW IRU
caQcHU LQKLbLWLRQ aQd SRVVLbOH V\QHUJ\ ZLWK RWKHU caQcHU WUHaWPHQWV.

IQWURGXFWLRQ
BUaKPa-UHOaWHd JHQH-1 (BRG1) LV XWLOL]Hd aV a caWaO\WLc VXbXQLW b\ a YaULHW\ RI HQ]\PaWLc
cRPSOH[HV ZKLcK PRdLI\ cKURPaWLQ VWUXcWXUH.1 SMARCA4 (aOVR UHIHUUHd WR LQ WKLV aUWLcOH aV
BRG1) LV WKH JHQH HQcRdLQJ IRU BRG1 H[SUHVVLRQ. CKURPaWLQ XQLWV UHVWUXcWXUHd b\ VXcK
cRPSOH[HV cRQWaLQLQJ BRG1 KaYH bHHQ RbVHUYHd WR bRWK WULJJHU aQd KLQdHU JHQH H[SUHVVLRQ.
AddLWLRQaOO\, BRG1 KaV SURYHQ WR SOa\ a UROH LQ cRPSOH[HV WKaW VLJQaO IRU JHQH VLOHQcLQJ RI
cHUWaLQ SURPRWHU UHJLRQV, WKXV UHSUHVVLQJ WUaQVcULSWLRQaO IXQcWLRQ.2 ATP K\dURO\VLV SURYLdHV WKH
QHcHVVaU\ HQHUJ\ IRU VXcK cKURPaWLQ UHPRdHOLQJ cRPSOH[HV ZKLcK cRQWULbXWH WR WKH UHIRUPaWLRQ
RI WKH QXcOHRVRPH.3

BRG1 LV RQH RI WZR caWaO\WLc VXbXQLWV XVHd b\ WKH SWI/SNF cRPSOH[, WKH RWKHU caWaO\WLc VXbXQLW
bHLQJ KBRM.4 TKH SWI/SNF cRPSOH[ LV RQH RI WKH PaMRU ATP K\dURO\VLV-dHSHQdHQW cKURPaWLQ
UHPRdHOLQJ cRPSOH[HV.5 TKH cRPSOH[ KaV bHHQ RbVHUYHd WR VHUYH aV aQ HQ]\PH PHcKaQLVP IRU
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JHQH H[SUHVVLRQ UHJXOaWLRQ. IW KaV bHHQ dHPRQVWUaWHd WKaW SWI/SNF LV LQYROYHd LQ QXcOHRVRPaO
VWUXcWXUH aOWHUaWLRQ, ZKLcK H[SRVHV bLQdLQJ VLWHV IRU WUaQVcULSWLRQ IacWRUV. FXUWKHU VWXdLHV KaYH
UHYHaOHd WKaW SWI/SNF SaUWLcLSaWHV LQ PHcKaQLVPV WKaW dLUHcW LW WRZaUd WaUJHWHd SURPRWHUV ZKLcK
KaYH WKH SRWHQWLaO WR HLWKHU acWLYaWH RU UHSUHVV WUaQVcULSWLRQ.6 NRWabO\, H[SHULPHQWV KaYH VKRZQ
WKaW, ZKHQ VHSaUaWHd IURP WKH SWI/SNF cRPSOH[, BRG1 LV caSabOH RI IXQcWLRQLQJ aORQJVLdH aV
IHZ aV RQH RWKHU SWI/SNF VXbXQLW WR accRPSOLVK WUaQVcULSWLRQ acWLYaWLRQ aV ZHOO aV cKURPaWLQ
PRdLILcaWLRQ.7

TKH BRG1 VXbXQLW KaV bHHQ VXVSHcWHd WR bH caSabOH RI VXSSUHVVLQJ WXPRU IRUPaWLRQ. BRG1 KaV
bHHQ IRXQd WR IXQcWLRQ ZLWK BRM aQd LQWHUacW ZLWK WKH SURWHLQ SURdXcW RI WKH RHWLQRbOaVWRPa
WXPRU VXSSUHVVRU JHQH SURdXcW WR UHSUHVV WKH E2F WUaQVcULSWLRQ IacWRU IXQcWLRQ.8 FXUWKHUPRUH, a
KRPR]\JRXV dHOHWLRQ RI WKH caUbR[\OLc acLd WHUPLQaO UHJLRQ RI BRG1 KaV bHHQ RbVHUYHd LQ
SURVWaWH aQd OXQJ caUcLQRPa cHOO OLQHV. BLaOOHOLc acWLYaWLRQV RI BRG1 KaYH aOVR bHHQ dLVcRYHUHd
LQ VHYHUaO caQcHU cHOO OLQHV LQcOXdLQJ SURVWaWH, OXQJ, bUHaVW, aQd SaQcUHaWLc.9 TXPRU VXSSUHVVLRQ
abLOLW\ KaV aOVR bHHQ dLVcRYHUHd ZLWK RWKHU VXbXQLWV ZLWKLQ WKH SWI/SNF cRPSOH[, addLQJ IXUWKHU
OHJLWLPac\ WKaW WKH cRPSOH[ LV cRQQHcWHd ZLWK WXPRU VXSSUHVVLRQ aQd UHJXOaWLRQ RI cHOO JURZWK.10

AOWKRXJK BRG1 KaV bHHQ IRXQd WR acW aV a WXPRU VXSSUHVVRU, PRUH UHcHQW UHVHaUcK caOOV aWWHQWLRQ
WR LWV UROH aV a WXPRU SURPRWHU. MaQ\ VWXdLHV KaYH SURYHQ WKaW WKH H[SUHVVLRQ RI BRG1 LV
XSUHJXOaWHd LQ caQcHUV cRPSaUHd ZLWK KHaOWK\ WLVVXH.11,12,13 BRG1¶V UROH aV a WXPRU VXSSUHVVRU LV,
WKHUHIRUH, QRW LWV RQO\ UROH LQ caQcHU, aQd BRG1 KaV bHHQ dLVcRYHUHd WR bH aQ RQcRJHQH.14,15 IQ
IacW, BRG1 RYHUH[SUHVVLRQ LQ caQcHUV caQ bH XVHd aV a SURJQRVWLc LQdLcaWRU. WLWK PRVW caQcHUV,
LQcOXdLQJ bUHaVW caQcHU, cRORUHcWaO caQcHU (CRC), aQd SURVWaWH caQcHU, BRG1 XSUHJXOaWLRQ LV
cRUUHOaWHd ZLWK ZRUVH RXWcRPHV, XQdHUOLQLQJ BRG1 aV aQ RQcRJHQH.12,16,17,18,19,20 HRZHYHU,
SaWLHQWV ZLWK NRQ-VPaOO CHOO LXQJ CaQcHU (NSCLC) ZKR OacNHd BRG1 SURdXcWLRQ Kad a ZRUVH
SURJQRVLV WKaQ WKRVH ZLWK QRUPaO BRG1 H[SUHVVLRQ, OHadLQJ WR dLYHUJHQW UROHV RI BRG1 aV WXPRU
VXSSUHVVRU/SURPRWHU LQ dLIIHUHQW caQcHU W\SHV.21

WKLOH BRG1 WUHaWPHQWV KaYH bHHQ SURPLVLQJ, a PRUH cRPSUHKHQVLYH XQdHUVWaQdLQJ RI BRG1¶V
HIIHcW RQ cHUWaLQ caQcHU SaWKZa\V Pa\ aOORZ IRU dXaO WUHaWPHQWV cRQVLVWLQJ RI BRG1 LQKLbLWLRQ
aQd XSUHJXOaWLQJ/dRZQUHJXOaWLQJ aQRWKHU SaWKZa\ LQYROYHd LQ caQcHU SUROLIHUaWLRQ. AXWRSKaJ\,
aSRSWRVLV, PRMT5, aQd WKH RAS/RAF/ERK1/2 SaWKZa\ aUH PRVW VLJQLILcaQWO\ RI LQWHUHVW WR XV.
AQaO\VLV RI aXWRSKaJ\ aQd aSRSWRVLV ZLWK cRQQHcWLRQ WR BRG1 aOORZV IRU aQ XQdHUVWaQdLQJ RI
WKH PHcKaQLVP bHKLQd BRG1¶V UROH LQ caQcHU IRUPaWLRQ. PRMT5 LV a SURWHLQ ZLWK VLJQLILcaQW
HIIHcWV RQ caQcHU JURZWK aQd LV KLJKOLJKWHd LQ WKLV UHYLHZ WR HPSKaVL]H WKH UROH BRG1 SOa\V
aORQJVLdH LW, ZKHWKHU caQcHU JURZWK RU LQKLbLWLRQ. TKH RAS/RAF/ERK1/2 SaWKZa\ LV a VLJQaO
WUaQVdXcWLRQ SaWKZa\ ZLWK VLJQLILcaQW LPSRUWaQcH WR UHVHaUcKHUV. KRAS, RQH RI WKH WKUHH RAS
JHQHV, IRU H[aPSOH, LV a QHcHVVaU\ SURWHLQ WR VWXd\ dXH WR LWV IUHTXHQW PXWaWLRQV LQ cHUWaLQ
caQcHUV.
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TKLV UHYLHZ ZLOO aWWHPSW WR dHPRQVWUaWH WKH PXOWLIacHWHd HIIHcWV BRG1 KaV RQ caQcHU
VXVWaLQabLOLW\ aQd YLWaOLW\. TUHaWPHQW YLa NQRcNdRZQ RI BRG1 LV a JURZLQJ WUHQd IRU UHVHaUcKHUV
RI VRPH caQcHUV, aQd a V\QHUJLVWLc aSSURacK YLa dXaO WUHaWPHQW Pa\ aVVLVW LQ caQcHU LQKLbLWLRQ.

BRG1 AFWV DV D CDQFHU PURPRWHU YLD AXWRSKDJ\ DQG ASRSWRVLV
PDWKZD\V
BRG1¶V SRWHQWLaO UROH aV aQ RQcRJHQH KaV SURPSWHd UHVHaUcK LQ BRG1 dUXJ aQd NQRcNRXW
WUHaWPHQWV LQ VHYHUaO W\SHV RI caQcHU. KQRcNdRZQ RI BRG1 LQ SURVWaWH caQcHU KaV bHHQ RbVHUYHd
WR KaYH aQ LQKLbLWRU\ HIIHcW RQ WXPRU JURZWK.19 IQ CRC, WKH NQRcNdRZQ RI BRG1 LQdXcHV cHOO
VHQHVcHQcH22 aQd aSRSWRVLV.20 IQ WULSOH-QHJaWLYH bUHaVW caQcHU, BRG1 NQRcNdRZQ KaV SOa\Hd a
VXSSRUWLQJ UROH LQ WXPRU PaQaJHPHQW LQ cRQMXQcWLRQ ZLWK cKHPRWKHUaS\ WUHaWPHQW.23 HRZHYHU,
LQ NSCLC, NQRcNRXW RI BRG1 LQ OXQJ caQcHU cRUUHOaWHV ZLWK WXPRU SURJUHVVLRQ, QRW
VXSSUHVVLRQ.24 WLWK WKH UHVHaUcK RI BRG1 WaUJHWHd WKHUaSLHV bHcRPLQJ PRUH SURPLVLQJ, LW LV
LPSRUWaQW WR XQdHUVWaQd BRG1¶V UROH LQ cHOOXOaU aXWRSKaJ\ aQd aSRSWRVLV aQd WKH SaWKZa\V
LQYROYHd.

MacURaXWRSKaJ\ (UHIHUUHd WR LQ WKLV aUWLcOH aV aXWRSKaJ\) VKRXOd bH RI LQWHUHVW WR UHVHaUcKHUV dXH
WR LWV QaWXUH aV bRWK a caQcHU SUROLIHUaWRU aQd a caQcHU LQKLbLWRU. AXWRSKaJ\ LV SUHdRPLQaWHO\
WULJJHUHd b\ QXWULHQW VWaUYaWLRQ.25,26 IW LV ILUVW LQLWLaWHd YLa WKH ULK1 cRPSOH[, LQcOXdLQJ SURWHLQV
ULK1, ATG13, aQd FIP200. PTORC1 K\SHUSKRVSKRU\OaWHV ATG13, SUHYHQWLQJ aXWRSKaJ\ LQ
cHOOV QRW XQdHUJRLQJ VWaUYaWLRQ. TKH ULK1 cRPSOH[ LQLWLaWHV WKH VPS34/BHcOLQ 1 NLQaVH
cRPSOH[, cRQWaLQLQJ VPS34, BHcOLQ 1, VPS15, aQd ATG14L. TKLV cRPSOH[ SURdXcHV
SKRVSKROLSLd PI3P, ZKLcK bLQdV ZLWK SURWHLQV WR cUHaWH WKH aXWRSKaJRVRPH. TKH
ATG16L1±ATG5±ATG12 cRQMXJaWLRQ PacKLQHU\ aQd LC3 cRQMXJaWHd V\VWHPV ZRUN ZLWK PaQ\
ATG¶V WR H[SaQd WKH aXWRSKaJRVRPH.27,28

AXWRSKaJ\ LV JHQHUaOO\ cRQVLdHUHd a PHcKaQLVP RI WXPRU JURZWK aQd PHWaVWaVLV bHcaXVH LW LV aQ
aWWHPSW b\ WKH cHOO WR PaLQWaLQ YLabLOLW\. MXWaWLRQV RI aXWRSKaJ\ JHQHV aUH TXLWH UaUH LQ caQcHU,29

ZKLcK VXJJHVWV WKaW aXWRSKaJ\ SOa\V aQ LPSRUWaQW UROH LQ caQcHU dHYHORSPHQW. PUHYLRXV ILQdLQJV
KaYH IRXQd a PXWaWLRQ RI WKH BHcOLQ1 JHQH LQ bUHaVW, RYaULaQ, aQd SURVWaWH caQcHU ZKLcK SURYLdHV
HYLdHQcH WR VXSSRUW WKH K\SRWKHVLV RI aXWRSKaJ\ IXQcWLRQLQJ aV a WXPRU VXSSUHVVRU.28 HRZHYHU,
RWKHUV KaYH dLVSXWHd WKH H[SOaQaWLRQ, VLQcH BHcOLQ1 LV adMacHQW WR BRCA1, a WXPRU VXSSUHVVRU
JHQH.29 TKH dHbaWH RYHU aXWRSKaJ\ aV a WXPRU VXSSUHVVRU RU SURPRWHU LV VWLOO XQUHVROYHd.
TKHUaSLHV SURPRWLQJ aQd LQKLbLWLQJ aXWRSKaJ\ aUH bRWK bHLQJ aWWHPSWHd.

ASRSWRVLV LV a cHOOXOaU SURcHVV LQLWLaWLQJ a SURJUaPPHd cHOO dHaWK, ZKLcK cRQVLVWV RI WZR PaLQ
SaWKZa\V: WKH H[WULQVLc aQd LQWULQVLc SaWKZa\V. TKH LQWULQVLc SaWKZa\ LV PHdLaWHd b\ WKH
PLWRcKRQdULa. TKLV PHdLaWLRQ caQ LQYROYH QHJaWLYH VLJQaOV, VXcK aV a OacN RI JURZWK IacWRUV,
KRUPRQHV, aQd c\WRNLQHV, aQd SRVLWLYH VLJQaOV, LQcOXdLQJ aQ abXQdaQcH RI UadLaWLRQ, WR[LQV,
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K\SR[La, K\SHUWKHUPLa, YLUaO LQIHcWLRQV, RU IUHH UadLcaOV. TKH H[WULQVLc SaWKZa\ LQYROYHV
WUaQVPHPbUaQH dHaWK UHcHSWRUV.30

BRG1 KaV a SURPLQHQW UROH LQ aXWRSKaJ\ aQd aSRSWRVLV UHJXOaWLRQ. A cRPSUHKHQVLYH
XQdHUVWaQdLQJ RI WKH SURWHLQV aQd SaWKZa\V BRG1 XWLOL]HV ZLOO HdXcaWH UHVHaUcKHUV RQ KRZ
BRG1 acWV aV a caQcHU SUROLIHUaWRU, aV ZHOO aV ZKaW SURWHLQV aUH XSUHJXOaWHd. TKLV Pa\ aOORZ IRU
WUHaWPHQW PHWKRdV dHVLJQHd WR WaUJHW WKH cHOO¶V abLOLW\ WR UHJHQHUaWH aQd LQdXcH cHOOXOaU dHaWK.

BRG1 and AXWophag\
TKH UHOaWLRQVKLS bHWZHHQ BRG1 aQd aXWRSKaJ\ LV cRPSOH[, ZLWK a OacN RI LQYHVWLJaWLRQ LQWR WKH
WRSLc. EYHQ OHVV LQIRUPaWLRQ KaV bHHQ dLVcRYHUHd abRXW WKH dLUHcW LQWHUacWLRQV bHWZHHQ BRG1
aQd aXWRSKaJLc SURWHLQV. HRZHYHU, RQH VWXd\ RI LQWHVWLQaO HSLWKHOLaO cHOOV dLd VKaUH ILQdLQJV RI a
PHaQLQJIXO cRQQHcWLRQ bHWZHHQ BRG1 aQd aXWRSKaJ\ SURWHLQV. CHOOV OacNLQJ SURSHU BRG1
H[SUHVVLRQ Kad VLJQLILcaQWO\ UHdXcHd aXWRSKaJ\. TKLV VWXd\ aOVR IRXQd a dLUHcW cRUUHOaWLRQ
bHWZHHQ WKH dHOHWLRQ RI BRG1 aQd a dHcUHaVH LQ NH\ aXWRSKaJ\ UHJXOaWRU\ JHQHV, PaLQO\
ATG16L1, ATG7, APbUa1, aQd WIPI2.31

ATG16L1 aQd ATG7 aUH dLUHcW cRPSRQHQWV RI WKH ATG16L1±ATG5±ATG12 cRQMXJaWLRQ
V\VWHP. TKHVH SURWHLQV aVVLVW LQ LC3 SKRVSKaWLd\OHWKaQROaPLQH cRQMXJaWLRQ aQd aXWRSKaJRVRPH
IRUPaWLRQ.31 APbUa1 VWabLOL]HV WKH VPS34/BHcOLQ 1 cRPSOH[ b\ bLQdLQJ WR BHcOLQ1, aVVLVWLQJ LQ
WKH IRUPaWLRQ RI aXWRSKaJRVRPHV. IW LV LQIHUUHd WKaW APbUa1 LV QHcHVVaU\ IRU aXWRSKaJ\, aV
APbUa1 dHILcLHQc\ LV cRUUHOaWHd ZLWK LPSaLUHd aXWRSKaJ\.32 WIPI2 LV RQH RI IRXU WIPI SURWHLQV
ZKLcK cRPSULVH PROPPIN (ȕ-SURSHOOHUV WKaW bLQd SRO\SKRVSKRLQRVLWLdHV). WIPI bLQdV WR PI3P aV
a PHWKRd RI VLJQaOLQJ aXWRSKaJLc PROHcXOHV. WIPI aOVR aVVLVWV LQ WKH OLSLdaWLRQ RI LC3 b\
UHcUXLWLQJ aQd bLQdLQJ WR WKH ATG16L1±ATG5±ATG12 cRPSOH[.33

BRG1 KaV bHHQ dRcXPHQWHd WR LQWHUacW ZLWK S53.22,31,34 S53 LV a UHJXOaWRU\ SURWHLQ LQYROYHd ZLWK
bRWK aXWRSKaJ\ aQd aSRSWRVLV. IQ CRC, BRG1 KaV bHHQ VKRZQ WR bLQd WR SIRT-1 aQd HQKaQcH
SIRT1-PHdLaWHd dHacHW\OaWLRQ RI S53 aW K382. TKH NQRcNRXW RI BRG1 cRUUHOaWHV ZLWK OHVV
HIILcLHQW SIRT-1 dHacHW\OaWLRQ aQd LQcUHaVHd VWabLOLW\ LQ S53.22 AQRWKHU VWXd\ RI CRC IRXQd WKaW
BRG1 NQRcNdRZQ OHd WR LQcUHaVHd S53 H[SUHVVLRQ aQd IRXQd HYLdHQcH RI a
BRG1/CHD4/HDAC1 cRPSOH[ UHJXOaWLQJ S53 WUaQVcULSWLRQ aQd VWabLOLW\.34

RHWLQRbOaVWRPa SURWHLQ (RB) aQd BRG1 aOVR LQWHUacW WR LQLWLaWH aXWRSKaJ\. RB LV a caQcHU
VXSSUHVVRU SURWHLQ, LQLWLaWLQJ cHOO c\cOH aUUHVW aW WKH G1 cKHcNSRLQW.35 TRJHWKHU ZLWK BRG1, RB
VXSSUHVVHV E2F1 acWLYaWLRQ IXQcWLRQV.36 E2F1 acWV aV aQ aQWaJRQLVW WR RB-PHdLaWHd aXWRSKaJ\.
TKHUHIRUH, WKH BRG1/RB VXSSUHVVLRQ RI E2F1 LQLWLaWHV aXWRSKaJ\.37 FXUWKHUPRUH, BRG1 KaV
bHHQ IRXQd WR HQKaQcH RB LQKLbLWLRQ RI E2F aQd c\cOLQ A.38 TKLV VXJJHVWV WKaW BRG1 Pa\
cRRSHUaWH IXUWKHU ZLWK RB IRU aXWRSKaJ\ LQLWLaWLRQ.
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CRQWUaU\ WR VWXdLHV VXSSRUWLQJ BRG1 aV aQ aXWRSKaJ\ LQdXcHU, VRPH VWXdLHV KaYH UHSRUWHd WKaW
BRG1 IXQcWLRQV aV aQ aXWRSKaJ\ LQKLbLWRU. A VWXd\ RI WKH KHaUWV RI PLcH IRXQd WKaW PLcH ZLWK
dRXbOH PXWaQW BRG1 & BRM VKRZHd aQ LQcUHaVH LQ PLWRcKRQdULaO aXWRSKaJ\ (PLWRSKaJ\).39

TKLV VWXd\ dLIIHUV LQ WKaW BRM LV PXWaWHd aORQJVLdH BRG1. TKHUHIRUH, WKHUH Pa\ bH dLIIHUHQcHV
LQ aXWRSKaJLc IOX[ ZKHQ bRWK SWI/SNF ATPaVH VXbXQLWV aUH aIIHcWHd aV RSSRVHd WR MXVW BRG1.
A dLIIHUHQW VWXd\ RI UHQaO ILbURVLV LQ YLYR aQd LQ YLWUR IRXQd WKaW RYHUH[SUHVVLRQ RI BRG1
LQKLbLWHd aXWRSKaJ\ aQd VXJJHVWHd WKLV LV accRPSOLVKHd WKURXJK acWLYaWLRQ RI WKH WQW/ȕ-caWHQLQ
VLJQaOLQJ SaWKZa\.40 FXUWKHU VWXd\ RI WKLV SaWKZa\ LQ YaU\LQJ caQcHU W\SHV LQ WKH cRQWH[W RI
BRG1 aQd aXWRSKaJ\ LV QHcHVVaU\ IRU cOaULILcaWLRQ RI BRG1¶V UROH LQ aXWRSKaJ\.

MRVW UHVHaUcK VXJJHVWV BRG1 KaV a UROH LQ VXSSRUWLQJ aXWRSKaJ\ aW dLIIHUHQW VWaJHV RI
aXWRSKaJ\. HRZHYHU, PRUH UHVHaUcK LQWR BRG1¶V HIIHcW RQ YaULRXV caQcHU W\SHV LV QHcHVVaU\ WR
HVWabOLVK cRQcOXVLYH LQWHUacWLRQV aQd PHWKRdV RI WUHaWPHQW. TKH LQWHUacWLRQV BRG1 KaV ZLWK
aXWRSKaJLc SURWHLQV aUH dHSLcWHd LQ FLJXUH 1.

FLJXUH 1. A compleWe image of inWeUacWionV beWZeen BRG1 and apopWoWic and aXWophagic
pUoWeinV.

BRG1 and ApopWoViV
BRG1¶V UHOaWLRQVKLS ZLWK aSRSWRVLV KaV bHHQ dRcXPHQWHd ZLWK SUHdRPLQaQWO\ cRQVLVWHQW UHVXOWV.
MaQ\ VWXdLHV KaYH IRXQd WKaW BRG1 H[SUHVVLRQ LV cRUUHOaWHd ZLWK UHdXcHd aSRSWRVLV, aQd a
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BRG1 dHILcLHQc\ LQcUHaVHV aSRSWRVLV.20,31,34,41,42 HRZHYHU, RWKHU VWXdLHV KaYH cRQcOXdHd WKaW WKH
ORVV RI BRG1 LQ CRC aQd OXQJ WXPRUV Kad QR VLJQLILcaQW HIIHcW RQ aSRSWRVLV.22,43 TKH IRcXV RI
WKHVH VWXdLHV, KRZHYHU, ZaV QRW BRG1¶V UROH RQ aSRSWRVLV, aQd HacK RQO\ SHUIRUPHd RQH
H[SHULPHQW dRcXPHQWLQJ WKHVH UHVXOWV. TKHUHIRUH, LW aSSHaUV PRVW OLNHO\ WKaW BRG1 SOa\V a UROH
LQ aSRSWRVLV LQKLbLWLRQ.

A VWXd\ RI BRG1 LQ CRC IRXQd WKaW BRG1 VXSSUHVVLRQ OHadV WR XSUHJXOaWLRQ LQ WKH JNK
SaWKZa\.44 TKH JNK SaWKZa\ LV a MAPK SaWKZa\ WKaW WUaQVdXcHV H[WUacHOOXOaU VLJQaOV. JNK LV
WUadLWLRQaOO\ cRQVLdHUHd aQ aSRSWRVLV LQdXcHU WKURXJK WKH LQWULQVLc SaWKZa\ b\ c\WRcKURPH c aQd
caVSaVH 3 acWLYaWLRQ.45 A VWXd\ RI QHXURQaO cUHVW cHOOV, ZKLcK LdHQWLILHd BRG1 aV a WUaQVcULSWLRQaO
acWLYaWRU RI POH[LQA2, aOVR IRXQd WKaW BRG1 VXSSUHVVHV AVN1 aQd P21.46 AVN1 (aSRSWRVLV
VLJQaO-UHJXOaWLQJ NLQaVH 1) LV a MAPKKK SURWHLQ WKaW LQdXcHV aSRSWRVLV PaLQO\ WKURXJK WKH JNK
SaWKZa\.47 TKH PHWKRd b\ ZKLcK BRG1 VXSSUHVVHV AVN1 LV QRW cRPSOHWH, aQd LW LV QRW VSHcLILHd
LI WKLV LV a cHOO-VSHcLILc LQWHUacWLRQ.

SHYHUaO VWXdLHV KaYH QRWHd caQcHU-VSHcLILc BRG1 aSRSWRVLV SaWKZa\V. A VWXd\ RI PHOaQRPa cHOOV
H[SRVHd WR UV OLJKW IRXQd WKaW BRG1 LQKLbLWHd aSRSWRVLV aORQJVLdH MITF WR SHUPLW WUaQVcULSWLRQ
RI WKH PHOaQRPa LQKLbLWRU RI aSRSWRVLV SURPRWHU ML-IAP.48 AddLWLRQaOO\, a VWXd\ RI SURVWaWH
caQcHU cHOOV ZLWK LQKLbLWHd BRG1 IRXQd WKaW VHYHUaO RI BRG1¶V WaUJHW JHQHV ZHUH dHcUHaVHd,
LQcOXdLQJ SURWHLQ KLK2,19 a NQRZQ aSRSWRVLV LQKLbLWRU LQ SURVWaWH caQcHU.49 FXUWKHUPRUH, a VWXd\
RI SaQcUHaWLc dXcWaO adHQRcaUcLQRPaV (PDAV) dHULYHd IURP LQWUaHSLWKHOLaO QHRSOaVLa (SaQIN) LQ
KRAS PXWaQW cHOOV IRXQd WKaW BRG1 aVVLVWHd LQ WKH LQLWLaWLRQ RI SaQIN aQd LWV SURJUHVVLRQ WR
SaQcUHaWLc caUcLQRPa.50 BRG1 bLQdV WR WKH SOX9 SURPRWHU aQd KHOSV LQLWLaWH SOX9
WUaQVcULSWLRQ. SOX9 KaV bHHQ VKRZQ WR KaYH aQ HIIHcW RQ caQcHU SUROLIHUaWLRQ, aQd SOX9
NQRcNdRZQ KaV a SURaSRSWRWLc HIIHcW.51 TKH LQKLbLWLRQ RI BRG1 KaV bHHQ RbVHUYHd WR SUHYHQW
SaQIN IRUPaWLRQ aQd SUHYHQW SaQIN-dHULYHd PDA WKURXJK aSRSWRVLV LQdXcWLRQ. WKLOH WKH
PHcKaQLVP RI BRG1¶V LQKLbLWLRQ RI SaQIN aSRSWRVLV LV QRW LQYHVWLJaWHd IXUWKHU, SOX 9 Pa\ bH
aQRWKHU IacWRU dXH WR LWV LQKLbLWLRQ RI aSRSWRVLV WKURXJK WKH WQW/ȕ-caWHQLQ VLJQaOLQJ SaWKZa\.

S53 LV aQ aSRSWRWLc SURWHLQ, dLVcXVVHd SUHYLRXVO\ UHJaUdLQJ aXWRSKaJ\, UHJXOaWHd b\ BRG1. S53
LV NQRZQ WR LQdXcH aSRSWRVLV LQ HaUO\-VWaJH WXPRU cHOOV aQd cHOOV ZLWK dHIHcWLYH aXWRSKaJ\.52

AQRWKHU aXWRSKaJLc SURWHLQ UHJXOaWHd b\ BRG1 WKaW LV LQYROYHd LQ aSRSWRVLV LQKLbLWLRQ LV WIPI2.
IQ a VWXd\ RI KHSaWRcHOOXOaU caUcLQRPa (HCC) cHOOV, WKH dHOHWLRQ RI WIPI2 SURPRWHd aSRSWRVLV.53

B\ XSUHJXOaWLQJ WIPI2, BRG1 KaV aQRWKHU SaWKZa\ WR LQKLbLW aSRSWRVLV.

BRG1¶V UROH aV aQ aSRSWRVLV LQKLbLWRU KaV JHQHUaO aQd caQcHU-VSHcLILc cRPSRQHQWV. WKLOH WKH
OLWHUaWXUH LV QRW XQaQLPRXV WKaW BRG1 aQd aSRSWRVLV KaYH a cRQQHcWLRQ, WUHaWPHQW LQcOXdLQJ
BRG1 LQKLbLWLRQ aORQJ ZLWK aSRSWRVLV LQdXcWLRQ Pa\ UHaS VRPH XQIRUHVHHQ bHQHILWV. TKH
LQWHUacWLRQV BRG1 KaV ZLWK aSRSWRWLc SURWHLQV aUH dHSLcWHd LQ FLJXUH 1.
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BRG1¶V IQWHUDFWLRQV ZLWK PRM75 LQ CDQFHU DHYHORSPHQW
PURWHLQ aUJLQLQH PHWK\OWUaQVIHUaVHV (PRMTV) SaUWLcLSaWH LQ VHYHUaO cHOOXOaU SaWKZa\V XVHd IRU
cHOO PaLQWHQaQcH. NXPHURXV VWXdLHV KaYH IRXQd aQ XSUHJXOaWLRQ RI PRMTV LQ caQcHU cHOOV.54 IQ
SaUWLcXOaU, KLVWRQH PHWK\OaWLRQ LQYROYLQJ PURWHLQ AUJLQLQH MHWK\OWUaQVIHUaVH 5 (PRMT5) LV
WKRXJKW WR UHSUHVV WUaQVcULSWLRQ aQd KaV bHHQ RbVHUYHd WR LQWHUacW ZLWK VHYHUaO JHQH UHSUHVVLRQ
cRPSOH[HV55 LQcOXdLQJ VRPH cKURPaWLQ UHPRdHOLQJ cRPSOH[HV ZKLcK aUH dHSHQdHQW RQ ATP
K\dURO\VLV.56 NRWabO\, PRMT5 KaV bHHQ VKRZQ WR LQWHUacW ZLWK WKH SWI/SNF cRPSOH[, aV ZHOO aV
BRG1 VSHcLILcaOO\.57 TRJHWKHU, WKH\ caQ SHUIRUP PHWK\OaWLRQ RQ WKH N WHUPLQXV WaLOV RI WKH H3
aQd H4 KLVWRQHV.58 MHWK\OaWLRQ RI KLVWRQH WaLOV, VXcK aV H3 KaV bHHQ RbVHUYHd WR KaYH VLJQLILcaQW
HIIHcWV RQ WUaQVcULSWLRQ.59 AOVR, LW KaV bHHQ H[SHULPHQWaOO\ dHPRQVWUaWHd WKaW WKH WXPRU
VXSSUHVVRU JHQHV VXSSUHVVRU RI WXPRULJHQLcLW\ 7 (ST7) aQd QRQPHWaVWaWLc 23 (NM23) aUH bRWK
UHSUHVVHd bHcaXVH RI KLVWRQH PRdLILcaWLRQ b\ PRMT5 ZKHQ LQ aVVRcLaWLRQ ZLWK BRG1 aQd
KBRM.60 FXUWKHUPRUH, PRMT5 KaV bHHQ VKRZQ WR LQdXcH aXWRSKaJ\ aQd LQKLbLW aSRSWRVLV LQ
cHUWaLQ caQcHUV.61,62

SHYHUaO cHOOXOaU SURcHVVHV aUH XVHd WR WLJKWO\ cRLO DNA aURXQd QXcOHRVRPHV aQd dHQVHO\ SacN
WKHP WRJHWKHU LQWR KLVWRQH SacNaJHV IRU cRQdHQVHd VWRUaJH. TKH cRUH KLVWRQHV H2A, H2B, H3,
aQd H4, IRUP RcWaPHUV HacK cRQWaLQLQJ 145±147 baVH SaLUV RI DNA.63 HLVWRQH-PRdLI\LQJ
HQ]\PH cRPSOH[HV ZRUN aORQJVLdH ATP K\dURO\VLV-dHSHQdHQW cKURPaWLQ UHPRdHOLQJ cRPSOH[HV
WR UHJXOaWH WUaQVcULSWLRQaO SURcHVVHV.3 HLVWRQH PRdLILcaWLRQ caQ WUaQVSLUH WKURXJK PXOWLSOH
PHcKaQLVPV, LQcOXdLQJ PHWK\OaWLRQ, acHW\OaWLRQ, SKRVSKRU\OaWLRQ, XbLTXLWLQaWLRQ, aQd
ADP-ULbRV\OaWLRQ. TKHVH SURcHVVHV aIIHcW WKH WaLO HQdV RI KLVWRQH SURWHLQV aIWHU WKH WUaQVOaWLRQ
SURcHVV aQd aUH VXVSHcWHd WR LQIOXHQcH cKURPaWLQ VWUXcWXUH. L\VLQH aQd aUJLQLQH UHVLdXHV RI H3
aQd H4 KLVWRQHV aUH SULPaULO\ HdLWHd WKURXJK PHWK\OaWLRQ, aOWKRXJK WKH HQ]\PH PHcKaQLVP LV
QRW IXOO\ XQdHUVWRRd.64 AV aIRUHPHQWLRQHd, PRMT5 KaV bHHQ RbVHUYHd WR IXQcWLRQ LQ KLVWRQH
PHWK\OaWLRQ aORQJVLdH SWI/SNF aQd BRG1, aQd LW LV WKHUHIRUH ZRUWK LQYHVWLJaWLQJ WKHLU
aVVRcLaWLRQ.57 AddLWLRQaOO\, LW LV QRWabOH WKaW dHacHW\OaWLRQ RI KLVWRQH H4 WKURXJK HLVWRQH
dHacHW\OaVH 3 (HDAC 3) KaV bHHQ RbVHUYHd WR VLJQLILcaQWO\ aIIHcW WKH VLOHQcLQJ RI aSRSWRWLc
JHQHV.65

BRG1 KaV bHHQ RbVHUYHd WR IXQcWLRQ aV bRWK a WXPRU SURPRWHU aQd VXSSUHVVRU LQ aVVRcLaWLRQ
ZLWK VSHcLILc SURWHLQ cRPSOH[HV SULRU WR RQcRJHQHVLV. OIWHQ LQYROYHd LQ WKRVH cRPSOH[HV LV
PRMT5 ZKLcK cRQWULbXWHV a KLVWRQH PHWK\OaWLRQ cRPSRQHQW. HLVWRQH PHWK\OaWLRQ LV a YHUVaWLOH
cHOOXOaU IXQcWLRQ ZKLcK aIIHcWV LQWHUacWLRQ bHWZHHQ BRG1 cRPSRQHQW cRPSOH[HV aQd WaUJHW
JHQHV ZKLcK aUH aVVRcLaWHd ZLWK WXPRU UHJXOaWLRQ.

BRG1 PoWenWiaWeV CanceU DeYelopmenW in AVVociaWion ZiWh PRMT5 Yia H3 and H4 HiVWone
PUoWeinV
NXPHURXV H[SHULPHQWV KaYH cRQILUPHd WKaW PHWK\OaWLRQ RI KLVWRQH 3 aUJLQLQH 8 (H3R8) aQd
KLVWRQH 4 aUJLQLQH 3 (H4R3) WKURXJK PRMT5 LQWHUacWLRQ UHSUHVVHV WKH WUaQVcULSWLRQaO abLOLWLHV RI
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WKH JHQHV WaUJHWHd. FXUWKHUPRUH, LW KaV bHHQ RbVHUYHd LQ cHOOXOaU dLIIHUHQWLaWLRQ VWXdLHV WKaW
PHWK\OaWLRQ RI KLVWRQHV WKURXJK PRMT5 aOVR KaV a UROH LQ WUaQVcULSWLRQaO acWLYaWLRQ.57

A VWXd\ RI SURVWaWH caQcHU SURYLdHV HYLdHQcH WKaW PRMT5 LV LQYROYHd ZLWK WKH acWLYaWLRQ RI
aQdURJHQ UHcHSWRU (AR) WUaQVcULSWLRQ. PRMT5 bLQdV WR WKH AR JHQH¶V SUR[LPaO SURPRWHU UHJLRQ
aQd LV LQYROYHd ZLWK V\PPHWULc dLPHWK\OaWLRQ RI ORcaO H4R3 ZLWKLQ WKH UHJLRQ. A KLJK TXaQWLW\
RI PHWK\OaWHd H4R3 SUHVHQW LQdLcaWHV a KLJK H[SUHVVLRQ RI PRMT5.66 TKH SS1 WUaQVcULSWLRQ
IacWRU IRU WKH AR LQWHUacWV ZLWK PRMT5 WR LQdXcH LQWHUacWLRQ bHWZHHQ PRMT5 aQd WKH AR. IQ
cRUUHOaWLRQ ZLWK WKaW SURcHVV, a cRPSOH[ LV IRUPHd bHWZHHQ PRMT5 aQd BRG1, ZKLcK LV ORcaWHd
RQ WKH AR JHQH¶V SUR[LPaO SURPRWHU UHJLRQ. KQRcNdRZQ RI SS1 LQdXcHV dRZQUHJXOaWLRQ RI bRWK
PRMT5 aQd BRG1 IURP WKH SUR[LPaO SURPRWHU UHJLRQ.67 TKXV, LW caQ bH LQIHUUHd IURP WKLV VWXd\
WKaW WKH acWLYaWLRQ RI AR WUaQVcULSWLRQ, a cRPSRQHQW RI SURVWaWH RQcRJHQHVLV, LV UHOLaQW RQ a
cRPSOH[ cRPSRVHd RI SS1, BRG1, aQd PRMT5. FLJXUH 2 dHSLcWV WKH aVVRcLaWLRQ RI PRMT5 aQd
BRG1 LQ PRdLI\LQJ WKH AR JHQH SURPRWHU VWUXcWXUH.

FLJXUH 2. BRG1 iV UecUXiWed b\ Sp1 Wo bind ZiWh PRMT5 aW Whe aX[iliaU\ AR gene pUomoWeU
Uegion, Zhich iV alWeUed aV a UeVXlW of H4R3 meWh\laWion, iniWiaWing pUoVWaWe oncogeneViV. The
m\ogenin pUomoWeU iV alWeUed and VWUXcWXUe changed b\ PRMT5 and BRG1 aVVociaWion, leading

Wo faciliWaWed m\ogeneViV.
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CHUWaLQ LQWHUacWLRQV bHWZHHQ PRMT5 aQd BRG1 KaYH bHHQ WKHRUL]Hd WR bH a QHcHVVaU\
cRPSRQHQW IRU BRG1¶V IXQcWLRQ. WLWKRXW WKH aLd RI a KLVWRQH-PRdLI\LQJ HQ]\PH, VXcK aV
PRMT5, ATP-dHSHQdHQW cKURPaWLQ UHPRdHOLQJ HQ]\PHV, VXcK aV BRG1, ZLOO QRW IXQcWLRQ.
RHOaWLRQVKLSV bHWZHHQ BRG1 aQd RWKHU SURWHLQV LQ WKH SWI/SNF cRPSOH[ LQ UHOaWLRQ WR
P\RJHQHVLV KaYH bHHQ H[WHQVLYHO\ VWXdLHd.68 SLPLOaUO\, PRMT5 KaV bHHQ cRQQHcWHd WR WKH
PRdLILcaWLRQ RI KLVWRQHV, LQ SaUWLcXOaU H3 aQd H4, ZKLcK LPSacW JHQH UHJXOaWLRQ dXULQJ WKH
SURcHVV RI VNHOHWaO PXVcOH dLIIHUHQWLaWLRQ.69 IW KaV bHHQ dLVcRYHUHd WKaW BRG1 LV UHVSRQVLbOH IRU
cKaQJLQJ WKH SURPRWHU VWUXcWXUH RI P\RJHQLQ LQ aVVRcLaWLRQ ZLWK dLPHWK\OaWHd H3R8 aQd
PRMT5. WLWKRXW BRG1, dLIIHUHQWLaWLRQ ZaV dRZQUHJXOaWHd. SLPLOaUO\, WKH UHPRYaO RI PRMT5
aOVR dLPLQLVKHd dLIIHUHQWLaWLRQ OHYHOV.70 FLJXUH 2 dHSLcWV WKH aVVRcLaWLRQ RI PRMT5 aQd BRG1 LQ
PRdLI\LQJ WKH P\RJHQLQ SURPRWHU VWUXcWXUH.

FXUWKHUPRUH, RYHUH[SUHVVLRQ RI PRMT5 aVVRcLaWHd ZLWK BRG1 ZaV IRXQd LQ aVVRcLaWLRQ ZLWK aQ
XSUHJXOaWLRQ RI WKH cHOO c\cOH UHJXOaWRUV: C\cOLQ E2, C\cOLQ B2, aQd CDK4.60 USUHJXOaWLRQ RI
WKHVH UHJXOaWRUV KaV bHHQ RbVHUYHd LQ VHYHUaO WXPRU W\SHV.71,72

PRMT5¶V KLVWRQH PHWK\OaWLRQ IXQcWLRQ, ZKLcK LV OLQNHd WR WUaQVcULSWLRQaO acWLYaWLRQ, LV IRXQd WR
bH UHVSRQVLbOH IRU RQcRJHQHVLV. IQ cHUWaLQ caQcHUV, BRG1 KaV bHHQ RbVHUYHd WR cRUUHVSRQd ZLWK
PRMT5 LQ WKaW SURcHVV. IQWHUYHQWLRQ ZLWKLQ WKaW cRPSOH[ Pa\ SURdXcH IaYRUabOH UHVXOWV LQ
RQcRJHQHWLc WXPRU SUHYHQWLRQ.

BRG1 SXSSUHVVHV 7XPRU DHYHORSPHQW DQG RHJXODWHV 7UDQVFULSWLRQ RI
M\F/MD[/MDG GHQHV LQ CRQQHFWLRQ ZLWK PRM75
IW KaV bHHQ RbVHUYHd WKaW dRZQUHJXOaWLRQ RI WKH WXPRU VXSSUHVVRU JHQHV VXSSUHVVRU RI
WXPRULJHQLcLW\ 7 (ST7) aQd QRQPHWaVWaWLc 23 (NM23) KaYH bHHQ dLUHcWO\ cRUUHOaWHd ZLWK a
dRZQUHJXOaWLRQ RI PRMT5. SXcK dRZQUHJXOaWLRQ ZaV dHWHUPLQHd WR aIIHcW PRMT5-aVVRcLaWHd
BGR1 cRPSOH[HV ZKLcK SHUIRUPHd PHWK\OaWLRQ RI H3R8. DLUHcW cURVVWaON bHWZHHQ BRG1 aQd
ST7 ZaV dLVcRYHUHd, bXW QRW ZLWK NM23. HRZHYHU, KBRM ZaV dLVcRYHUHd WR bH dLUHcWO\
aVVRcLaWHd ZLWK NM23 bXW QRW ST7. IQWHUHVWLQJO\, bRWK BRG1 aQd KBRM LQWHUacW dLUHcWO\ ZLWK
MYT1l, VXJJHVWLQJ WKH SWI/SNF cRPSOH[ WR bH a NQRcNRXW WaUJHW IRU LQWHOOHcWXaO dLVabLOLW\.60,73

FXUWKHUPRUH, LW ZaV dHWHUPLQHd WKaW HYHQ ZLWKRXW RYHUH[SUHVVLRQ RI PRMT5, WKHUH LV aQ
aVVRcLaWLRQ bHWZHHQ BRG1 aQd PRMT5.60 TUaQVcULSWLRQ OHYHOV RI NM23 VSHcLILcaOO\ ZHUH
RbVHUYHd WR dHcUHaVH ZKLOH dLVSOa\LQJ QXcOHRVLdH dLSKRVSKaWH NLQaVH acWLYLW\, LQdLcaWLQJ KLJK
OHYHOV RI PHWaVWaVLV ZLWKLQ WKH cHOOV RYHUH[SUHVVLQJ PRMT5.74 WLWKLQ WKH SWI/SWF cRPSOH[,
BRG1 KaV WKH abLOLW\ WR PRdLI\ WKH accHVVLbLOLW\ RI DNaVH aQd UHVWULcWLRQ HQ]\PHV RQ
PRQRQXcOHRVRPHV.75

IW LV LPSRUWaQW WR H[aPLQH WKH cRPSOH[ IRUPHd bHWZHHQ KLVWRQH dHacHW\OaVH 2 (HDAC2) aQd WKH
PSLQ3A cRUHSUHVVRU, ZKLcK IXQcWLRQV LQ cKURPaWLQ UHPRdHOLQJ, aQd LWV LQWHUacWLRQ ZLWK BRG1
aQd WKH SWI/SNF cRPSOH[. PRMT5 LV aOVR addHd WR WKH cRPSOH[ LQ WKH HIIHcW RI QRWabO\
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LQWHUacWLQJ ZLWK BRG1, KBRM, aQd BAF45/IQL1.76 HLVWRQH dHacHW\OaWLRQ RI K9 RQ H3 aQd H4
KaV bHHQ RbVHUYHd WR HQKaQcH WKHLU PHWK\OaWLRQ b\ PRMT5-aVVRcLaWHd SWI/SWF cRPSOH[HV.77

AddLWLRQaOO\, VWXdLHV KaYH dHWHUPLQHd WKaW Mad-Ma[ KHWHURdLPHUV VXSSUHVV WUaQVcULSWLRQ LQ
aVVRcLaWLRQ ZLWK PSLQ3A aQd HDAC2.78 TKXV, a cRUUHOaWLRQ bHWZHHQ BRG1 aQd WKLV cRPSOH[ LV
RI QRWH LQ WKH cKURPaWLQ UHPRdHOLQJ SURcHVV, ZKLcK Pa\ SOa\ a UROH LQ M\c/Ma[/Mad JHQH
UHSUHVVLRQ.58

FXUWKHUPRUH, aQRWKHU VWXd\ KaV WHVWHd a SRVVLbOH OLQNaJH bHWZHHQ VaLd WUaQVcULSWLRQ UHSUHVVLRQ
PHcKaQLVP aQd BRG1 aQd KBRM ZLWK WKH WKHRU\ WKaW WKH\ Pa\ WaNH SaUW LQ WKH VXSSUHVVLRQ RI
M\c/Ma[/Mad JHQHV, ZKLcK aUH SRVVLbOH WaUJHWV WR UHJXOaWH cHOO SUROLIHUaWLRQ.58,79 BRG1 KaV aOVR
bHHQ RbVHUYHd WR KaYH a UROH LQ c-M\c LQWHUacWLRQ ZLWK BAF45/IQL1 aQd WUaQVcULSWLRQ acWLYaWLRQ.80

IQ RQH VWXd\, LW ZaV K\SRWKHVL]Hd WKaW BRG1 Pa\ UHSUHVV WKH IXQcWLRQ RI WaUJHW JHQHV, WKXV
PaNLQJ WKH cad SURPRWHU UHJLRQ a VLWH RI LQWHUHVW. A NQRcNdRZQ RI BRG1 UHVXOWHd LQ cad
UHSUHVVLRQ ZKLcK VXSSRUWHd WKH K\SRWKHVLV WKaW LW LV a cRPSRQHQW VXSSRUWLQJ cad IXQcWLRQ,
LQdLcaWLQJ a UROH RI KLVWRQH PHWK\OaWLRQ aQd cKURPaWLQ UHPRdHOLQJ. FLJXUH 3 dHSLcWV WKH
aVVRcLaWLRQ RI PRMT5 aQd BRG1 LQ WKH PSLQ3a/HDAC2 cRPSOH[. HRZHYHU, QRW aOO
M\c/Ma[/Mad WaUJHW JHQHV aUH aIIHcWHd b\ BRG1. IW ZaV RbVHUYHd WKaW nXc PRNA OHYHOV ZKLcK
ZHUH dHSUHVVHd b\ KLVWRQH dHacHW\OaWLRQ WKURXJK dHSVLSHSWLdH WUHaWPHQW ZHUH QRW HYHQ
IXUWKHUPRUH dHSUHVVHd ZLWKLQ WKH LQWURdXcWLRQ RI BRG1.58 IW caQ bH cRQcOXdHd WKaW WKH PaJQLWXdH
RI UHSUHVVLRQ dXH WR BRG1 aQd M\c/Ma[/Mad LQWHUacWLRQ LV dHSHQdHQW RQ WKH WaUJHW JHQH.

FLJXUH 3. HiVWoneV H3R8 and H4R3 aUe V\mmeWUicall\ dimeWh\laWed, Zhile K9 iV deaceW\laWed
WhUoXgh PRMT5 and BRG1 aVVociaWion. A comple[ of PRMT5, BRG1, mSin3a, and HDAC2

UepUeVV M\c/Ma[/Mad geneV, leading Wo addiWional VXppUeVVion of cad pUomoWeU.
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BRG1 aVVRcLaWLRQ ZLWK PRMT5 KaV bHHQ dHPRQVWUaWHd WR IXQcWLRQ aV a WXPRU VXSSUHVVRU LQ
cRUUHVSRQdHQcH ZLWK cHUWaLQ WaUJHW JHQHV. FXUWKHU LQYHVWLJaWLRQ LQWR WKH bLQdLQJ cRPSOH[ aQd
cRPSOHPHQWaU\ QaWXUH RI BRG1 aQd WXPRU VXSSUHVVLYH cRPSOH[HV LQ WKH PHcKaQLVPV dLVcXVVHd
aQd RWKHUV ZRXOd bH bHQHILcLaO WR WKH dHYHORSPHQW RI WXPRU UHJXOaWLQJ WUHaWPHQWV.

BRG1 DQG OQFRJHQLF RAS/RAF PDWKZD\
RaW VaUcRPa YLUXV (RAS) SURWHLQV aUH a IaPLO\ RI GTPaVHV LQYROYHd LQ VLJQaO WUaQVdXcWLRQ,
HVSHcLaOO\ LQ WKH RaV/RaI SaWKZa\. TKHUH aUH WKUHH PaLQ RAS SURWHLQV, H-RaV, N-RaV, aQd K-RaV
(UHIHUUHd WR aV KRAS LQ WKLV aUWLcOH). KRAS LV PRVW VLJQLILcaQW WR XV bHcaXVH LW LV RIWHQ PXWaWHd
WR bH RYHUH[SUHVVHd LQ a QXPbHU RI caQcHUV, OHadLQJ WR H[cHVVLYH caQcHU SUROLIHUaWLRQ. AcWLYaWLQJ
PXWaWLRQV aUH PRVW cRPPRQ LQ SaQcUHaWLc, WK\URLd, cRORUHcWaO, aQd OXQJ caQcHUV (95±35%).81

MLWRJHQ-acWLYaWHd SURWHLQ NLQaVHV (MAPKV) aUH VLJQaOLQJ SaWKZa\V WKaW UHJXOaWH cHOOXOaU
JURZWK, VWUHVV UHVSRQVHV, dLIIHUHQWLaWLRQ, aQd YLabLOLW\.82,83 FRXU caVcadHV KaYH bHHQ LdHQWLILHd
ZLWKLQ MAPKV, LQcOXdLQJ H[WUacHOOXOaU VLJQaO-UHJXOaWHd NLQaVHV 1 aQd 2 (ERK1/2), c-JXQ
N-WHUPLQaO NLQaVH (JNK), S38, aQd ERK5. ERK¶V 1 aQd 2 (ERK1/2) aUH HVVHQWLaO IRU UHJXOaWLQJ
cHOO VLJQaOLQJ aQd SOa\ a UROH LQ WXPRULJHQHVLV.84 ERK1/2 LV VWLPXOaWHd LQ UHVSRQVH WR WKH
VHTXHQWLaO SKRVSKRU\OaWLRQ RI RaV/RaI SURWHLQV, LQcOXdLQJ VHYHUaO MAP3KV aQd MAPK/ERK
NLQaVHV (MEK).85 TKH RaV/RaI/MAPK/ERK1/2 SaWKZa\ LV RQH RI WKH PRVW SUROLILc VLJQaO
WUaQVdXcWLRQ SaWKZa\V IRU WXPRULJHQHVLV.84,86 MAPK caVcadH VLJQaOV HQWHU WKH QXcOHXV aQd KaYH
bHHQ SURYHQ WR PRdXOaWH SRVW-WUaQVcULSWLRQaO JHQHV WKURXJK LQWHUacWLRQ ZLWK WUaQVcULSWLRQ IacWRUV
aQd cKURPaWLQ UHPRdHOLQJ HQ]\PHV, VXcK aV SWI/SNF.87 TKXV, aQ aQaO\VLV RI BRG1¶V LQWHUacWLRQ
ZLWK RWKHU SURWHLQV RI WKH ERK1/2 SaWKZa\ ZRXOd bH bHQHILcLaO WR SUHVcULbH WUHaWPHQW IRU WKH
SaWKZa\. IW LV aOVR QRWHZRUWK\, cRQVLdHULQJ PRMT5¶V LQWHUacWLRQ ZLWK BRG1, WKaW NQRcNdRZQ RI
PRMT5 LQWHUacWLRQ ZLWK WKH RaV/RaI aQd MEK SURWHLQV LQ cRUUHVSRQdHQcH ZLWK WKH ERK1/2
SaWKZa\ KaV bHHQ H[KLbLWHd WR dLUHcWO\ dRZQUHJXOaWH ERK1/2 LQ cRPbLQaWLRQ WKHUaSLHV.88

BRG1 and Oncogenic KRAS in CanceU FoUmaWion
PUHYLRXV UHVHaUcK KaV dLVcRYHUHd WKaW BRG1 LV aQ LPSRUWaQW SURWHLQ LQYROYHd LQ RQcRJHQLc
KRAS-LQdXcHd WXPRU JURZWK RI acLQaU aQd OXQJ cHOOV. HRZHYHU, dHSHQdLQJ RQ WKH RULJLQ RI
caQcHU dHYHORSPHQW, BRG1 Pa\ acW aV HLWKHU a VXSSUHVVRU RU SURPRWHU.

OQcRJHQLc KRAS LV a QHcHVVaU\ PXWaWLRQ IRU WKH IRUPaWLRQ RI SaQcUHaWLc dXcWaO adHQRcaUcLQRPa
(PDAV). A WRWaO RI 90% RI KXPaQ PDA VaPSOHV KaYH a KRAS PXWaWLRQ.89 BRG1 VHUYHV a dXaO
UROH LQ WKLV SURcHVV aV a KRAS VXSSRUWHU aQd KRAS aQWaJRQLVW. PaQcUHaWLc dXcWaO
adHQRcaUcLQRPa Pa\ bH IRUPHd YLa PANIN, MCN, aQd IPMN. BRG1 KaV bHHQ VKRZQ WR bORcN
IMPN IRUPaWLRQ aQd SUHYHQW RQcRJHQLc KRAS-dULYHQ PDA IRUPaWLRQ IURP IPMN.90 FXUWKHU
VWXd\, KRZHYHU, IRXQd WKaW BRG1 UHJXOaWHV SOX9 WUaQVcULSWLRQ aQd VXSSRUWV RQcRJHQLc
KRAS-LQdXcHd PANIN IRUPaWLRQ aV ZHOO aV RQcRJHQLc KRAS-LQdXcHd PDA dHULYHd IURP
PANIN.50 TRJHWKHU, WKHVH VWXdLHV VXSSRUW BRG1 aV a NH\ SURWHLQ ZLWKLQ RQcRJHQLc
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KRAS-LQLWLaWHd SaQcUHaWLc caQcHU. FXUWKHUPRUH, WKHVH VWXdLHV KLJKOLJKW WKH dXaO UROH RI BRG1 aV
a SURPRWHU RU VXSSUHVVRU RI caQcHU, HYHQ ZLWKLQ WKH VaPH caQcHU RI YaU\LQJ RULJLQ.

RHVHaUcK LQ NSCLC KaV VXSSRUWHd BRG1 aV aQ LQVWLJaWRU RI KRAS-LQdXcHd caQcHU. KRAS
PXWaQW WXPRUV ZLWK acWLYH BRG1 ZHUH PRUH SUROLIHUaWLYH WKaQ KRAS PXWaQWV ZLWKRXW BRG1
H[SUHVVLRQ.43 AQRWKHU VWXd\ IRXQd WKaW BRG1 LQacWLYaWLRQ aORQH dLd QRW SURPRWH WXPRU
SURJUHVVLRQ. AOWKRXJK, WKH LQacWLYaWLRQ RI BRG1 aQd P53 aV ZHOO aV WKH acWLYaWLRQ RI RQcRJHQLc
KRAS UHVXOWHd LQ KLJKO\ SHQHWUaQW OXQJ adHQRcaUcLQRPaV cRPSaUHd WR WKH LQacWLYaWLRQ RI MXVW
S53 aQd acWLYaWLRQ RI RQcRJHQLc KRAS. FXUWKHUPRUH, ZKHQ WUHaWHd ZLWK aQ R[LdaWLYH
SKRVSKRU\OaWLRQ LQKLbLWRU, RQO\ WKH JURZWK RI cHOOV ZLWK BRG1 LQacWLYaWLRQ ZaV LQKLbLWHd.91

TKHUHIRUH, BRG1 KaV a UROH LQ SURWHcWLQJ KRAS caQcHUV.

PaWLHQWV ZLWK NSCLC ZKLcK SUHVHQW a PXWaWLRQ WKaW LQKLbLWV BRG1 H[SUHVVLRQ Kad LQcUHaVHd
PXWaWLRQV LQ WKH KRAS JHQH cRPSaUHd WR WKRVH ZLWKRXW BRG1 PXWaWLRQV.92 CRQYHUVHO\, KRAS
PXWaQW NSCLC SaWLHQWV ZHUH PRUH OLNHO\ WR KaYH LQWacW BRG1 WKaQ WKRVH ZLWK KRAS ZLOdW\SH.43

FXUWKHUPRUH, NSCLC SaWLHQWV ZLWK bRWK KRAS aQd BRG1 PXWaWLRQV Kad ZRUVH VXUYLYaO
RXWcRPHV LQ LPPXQRWKHUaS\ aQd QRQ-LPPXQRWKHUaS\ WUHaWPHQWV.93 TKH LQcUHaVHd UaWHV RI KRAS
PXWaWLRQV LQ BRG1 PXWaQW SaWLHQWV aV ZHOO aV WKH ZRUVH RXWcRPHV IRU SaWLHQWV ZLWK cR-PXWaWLRQV
Pa\ VXJJHVW a UROH IRU BRG1 LQ UHdXcLQJ WKH HIIHcWV RI RQcRJHQLc KRAS aQd caQcHU IRUPaWLRQ.

OQcRJHQLc RAS-LQdXcHd VHQHVcHQcH KaV bHHQ VKRZQ WR UHJXOaWH BRG1/BRCA1 LQWHUacWLRQV, aQd
RAS NQRcNdRZQ LQcUHaVHd BRG1 H[SUHVVLRQ. FXUWKHUPRUH, BRG1¶V aVVRcLaWLRQ ZLWK SURPRWHUV
CDKN2a aQd CDKN1A WR H[SUHVV S16 aQd S21 LV XSUHJXOaWHd dXULQJ RAS NQRcNdRZQ-LQdXcHd
VHQHVcHQcH.94

FXUWKHU BRG1/KRAS LQWHUacWLRQ LQ RWKHU caQcHUV Pa\ VXSSRUW a JUHaWHU XQdHUVWaQdLQJ RI KRZ WR
SURSHUO\ WUHaW KRAS PXWaWHd caQcHUV.

BRG1 and ERK/MAPK
IW KaV bHHQ RbVHUYHd WKaW BRG1 LV LQacWLYaWHd aV a UHVXOW RI ERK1/2 SKRVSKRU\OaWLRQ. HRZHYHU,
BRG1 UHacWLYaWLRQ ZaV RbVHUYHd XSRQ WKH LQWURdXcWLRQ RI JHQHUaO SURWHLQ SKRVSKaWaVH
LQKLbLWRUV.95 A VWXd\ H[aPLQHd WKH UHJXOaWLRQ RI a cRPSOH[ cRPSULVLQJ BRG1 aQd WKH KHaW VKRcN
IacWRU 4b (HVI4b) SURWHLQ LQ UHVSRQVH WR ERK1/2 acWLYaWLRQ aQd LQacWLYaWLRQ.96 HHaW VKRcN IacWRUV
aUH JHQHUaOO\ LQYROYHd ZLWK acXWH VWUHVV UHJXOaWRUV WKURXJK WKH UHJXOaWLRQ RI WKH WUaQVcULSWLRQ RI
JHQHV UHVSRQVLbOH IRU VWUHVV SURWHLQ aQd PROHcXOaU cKaSHURQH SURdXcWLRQ, VXcK aV KHaW VKRcN
SURWHLQ 70 (HSP70).96,97 HRZHYHU, aOWHUaWLRQV LQ WKH UROHV RI KHaW VKRcN IacWRUV KaYH bHHQ
RbVHUYHd WKURXJK WKH PaOLJQaQW WUaQVIRUPaWLRQ RI cHOOV.98 NRWabO\, HVI4 LQYROYHV LWVHOI LQ
ROIacWRU\ QHXURJHQHVLV aQd KaV bHHQ QRWHd WR bH RYHUH[SUHVVHd LQ OLYHU aQd cRORQ caQcHU.99,100,101

A SUHYLRXV VWXd\ LQ ZKLcK HHLa cHOOV ZHUH cR-WUaQVIHcWHd ZLWK HVI4b aV ZHOO aV acWLYH MEK
UHVXOWHd LQ SKRVSKRU\OaWLRQ aQd aQ LQcUHaVH RI ERK1/2 acWLYLW\.102 E[SHULPHQWV cRQILUPHd WKHVH
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ILQdLQJV aQd addLWLRQaOO\ dLVcRYHUHd a JUHaWHU aVVRcLaWLRQ bHWZHHQ VORZ-PLJUaWLQJ BRG1 aQd
HVI4b. AddLWLRQaO H[SHULPHQWV LQ HHLa cHOOV WUaQVIHcWHd ZLWK HVI4b aQd cRPbLQaWLRQV RI MEK
aQd dXaO VSHcLILcLW\ SKRVSKaWaVH 26 (DUSP26) SURdXcHd PRUH VLJQLILcaQW UHVXOWV.96 DUSP26 KaV
bHHQ RbVHUYHd WR bH a WXPRU VXSSUHVVRU aQd aQ RQcRJHQH LQ dLIIHUHQW cHOOXOaU cRQWH[WV aQd LV abOH
WR LQacWLYaWH MAPK LQ YLYR.103 E[SHULPHQWV UHYHaOHd WKaW aQ aVVRcLaWLRQ bHWZHHQ BRG1 aQd
HVI4b LV LQdHHd XSUHJXOaWHd b\ WKH H[SUHVVLRQ RI MEK. SLPLOaUO\, a OacN RI MEK RU a SUHVHQcH
RI bRWK MEK aQd DUSP26 dRZQUHJXOaWHd WKH cRUUHVSRQdHQcH bHWZHHQ BRG1 aQd HVI4b. IW caQ
WKXV bH cRQcOXdHd WKaW acWLYaWLRQ RI MAPK aQd ERK1/2 SURPRWHV BRG1 aQd HVI4b aVVRcLaWLRQ.
SXcK aVVRcLaWLRQ ZaV dHWHUPLQHd WR bH cHOO c\cOH-dHSHQdHQW aQd aOWHUV HVI4b¶V abLOLW\ WR bLQd WR
DNA, UHVXOWLQJ LQ WKH QHJaWLYH HIIHcWV QRWHd abRYH.96,103 FXUWKHU UHVHaUcK LQWR WKH bLQdLQJ RI
BRG1 aQd HVI4b WKURXJK WKH acWLYaWHd ERK1/2 SaWKZa\ ZRXOd bH bHQHILcLaO LQ LQKLbLWLQJ WKH
cRPSOH[. DUSP26 KaV SUHVHQWHd LWVHOI WR bH a SURPLVLQJ LQKLbLWRU, aQd LWV LQWHUacWLRQV ZLWK
LQdLYLdXaO cRPSRQHQWV RI WKH ERK1/2 SaWKZa\ VKRXOd bH VWXdLHd PRUH.

BRG1 aQd WKH ERK1/2 SaWKZa\ H[KLbLW VLPLOaU QRWabOH UHVSRQVHV WR WUHaWPHQW. IQ YaVcXOaU
VPRRWK PXVcOH cHOOV (VSMC), WKH LQWURdXcWLRQ RI BRG1 RYHUH[SUHVVLRQ SURYHd WR LQcUHaVH WKH
aPRXQW RI SURWHLQ H[SUHVVLRQ RI SUROLIHUaWLQJ cHOO QXcOHaU aQWLJHQ (PcQa), aQ aVVLVWLQJ SURWHLQ WR
DNA SRO\PHUaVH LQ VHYHUaO PaOLJQaQW cHOO W\SHV, aQd SOaWHOHW-dHULYHd JURZWK IacWRU
(PdJIĮ).104,105 AV a UHVXOW, VSMC SUROLIHUaWLRQ LQcUHaVHd. IQ a BRG1-VKRNA JURXS, ZKHUH BRG1
H[SUHVVLRQ ZaV VLOHQcHd, WKH aPRXQW RI PcQa, PdJIĮ, aV ZHOO aV QHXURWURSKLQ-3 (NWI3), ZHUH aOO
UHdXcHd. H\dURVXOIXULc acLd SUHVHQWHd LWVHOI aV aQ HIIHcWLYH LQKLbLWRU RI WKH WKUHH SURWHLQV.
PKRVSKRU\OaWLRQ RI ERK1/2 dLVSOa\Hd a VLPLOaU WUHQd LQ LWV acWLYLW\ aV BRG1, PcQa, PdJIĮ, aQd
NWI3. TKH UHVXOWV RI WKLV VWXd\ LQdLcaWHd WKaW K\dURVXOIXULc acLd LV aQ HIIHcWLYH LQKLbLWRU RI VSMC
SUROLIHUaWLRQ WKURXJK WKH MAPK SaWKZa\ ZKHQ WKHUH LV a dRZQUHJXOaWLRQ RI BRG1.106

SWXdLHV KaYH VXJJHVWHd WKaW caVHLQ NLQaVH 2 (CKV) LV a PHdLaWRU RI BRG1 SKRVSKRU\OaWLRQ.
HRZHYHU, WKH HIIHcW RI CK2 SKRVSKRU\OaWLRQ RI BRG1 LV RQO\ VSHcXOaWRU\. OQH VWXd\ LQdLcaWHd
WKaW LW PRdLILHd WKH RUJaQL]aWLRQ RI WHORPHUHV aV ZHOO aV dHbLOLWaWLQJ WRSRORJLcaOO\ aVVRcLaWLQJ
dRPaLQ (TAD) bRXQdaULHV.107 AQRWKHU VWXd\ aVVHUWHd WKaW LW LQYROYHV BRG1 ZLWK WKH QXcOHaU
VWUXcWXUH aQd RYHUaOO JHQRPLc RUJaQL]aWLRQ.108 H\SHUSKRVSKRU\OaWLRQ RI BRG1 b\ CK2 LQ PLWRVLV
LV QRW WKH RQO\ VRXUcH RI LWV SKRVSKRU\OaWLRQ, aV QRWHd HaUOLHU LQ WKLV VHcWLRQ. MAPK aOVR VHUYHV
aV a SKRVSKRU\OaWLRQ PHdLaWRU RI BRG1 LQ PLWRVLV, WKXV acWLQJ aV a cRQWUROOHU RI LWV cKURPaWLQ
UHPRdHOLQJ IXQcWLRQ. IW LV LQIHUUHd WKaW WKH VLWHV RI SKRVSKRU\OaWLRQ b\ CK2 aQd MAPK aUH
dLIIHUHQW aQd WKXV Pa\ QRW bH WKH RQO\ acWLQJ NLQaVHV RQ BRG1.109 FXUWKHU LQYHVWLJaWLRQ LQWR WKH
H[LVWHQcH RI VXcK RWKHU NLQaVHV aQd ZKHWKHU WKHLU aVVRcLaWLRQ ZLWK BRG1 LV VLPLOaU RU dLIIHUHQW
ZRXOd bH bHQHILcLaO. AddLWLRQaOO\, bHVLdHV dHWHUPLQLQJ LI VXcK NLQaVHV acW LQdHSHQdHQWO\, WKH
SRVVLbLOLW\ RI WKHVH NLQaVHV acWLQJ LQ cRQMXQcWLRQ ZLWK HacK RWKHU VKRXOd bH H[SORUHd.
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TKHUH LV VLJQLILcaQW HYLdHQcH WKaW BRG1 LQWHUacWV ZLWK QXPHURXV cRPSRQHQWV RI WKH
RaV/RaI/MAPK/ERK1/2 SaWKZa\. FXUWKHUPRUH, BRG1 KaV bHHQ QRWHd WR UHVSRQd WR WUHaWPHQW LQ
cRQcHUW ZLWK WKH ERK1/2 caVcadH. AcWLYaWLRQ RI WKH ERK1/2 caVcadH KaV aOVR SUHVHQWHd LWVHOI WR
SURPRWH BRG1 LQWHUacWLRQ ZLWK RWKHU SURWHLQV. AVVRcLaWLRQV bHWZHHQ BRG1 aQd RWKHU SURWHLQV LQ
cRUUHOaWLRQ ZLWK cHOO PaOLJQaQc\ bH\RQd WKRVH QRWHd LQ WKLV aUWLcOH VKRXOd bH H[SORUHd IXUWKHU.

CRQFOXVLRQV
IQ cRQcOXVLRQ, RXU UHYLHZ HPSKaVL]HV WKH LPSRUWaQcH RI UHVHaUcK LQWR BRG1-UHOaWHd SaWKZa\V LQ
PaQ\ caQcHUV, aV ZHOO aV WKH SRVVLbLOLW\ RI VXccHVV RI BRG1 NQRcNdRZQ LQ cRQMXQcWLRQ ZLWK
aQRWKHU WUHaWPHQW. MXcK RI WKH HYLdHQcH VXJJHVWV BRG1 VXSSRUWV aXWRSKaJ\ aQd LQKLbLWV
aSRSWRVLV. TKHVH aUH WZR PHWKRdV b\ ZKLcK BRG1 VXSSRUWV caQcHU JURZWK aQd SUHYHQWV
WUHaWPHQW. BRG1 ZRUNV ZLWK caQcHU-VSHcLILc SURWHLQV WR LQKLbLW aSRSWRVLV, aQd WKH NQRcNdRZQ RI
BRG1 Pa\ VXSSRUW RWKHU WUHaWPHQWV VXcK aV cKHPRWKHUaS\. PRMT5 KaV dHPRQVWUaWHd LWVHOI WR
bRWK bLQd aQd aVVRcLaWH ZLWK BRG1 WR accRPSOLVK KLVWRQH PHWK\OaWLRQ. TKURXJK VXcK PHWKRdV,
BRG1 LV abOH WR IXQcWLRQ ZLWKLQ cRPSOH[HV WR UHJXOaWH bRWK JHQH acWLYaWLRQ aQd UHSUHVVLRQ.
NRWabO\, VHYHUaO RI WKRVH cRPSOH[HV UHJXOaWH WXPRU VXSSUHVVRU JHQHV. RHVHaUcK LQWR SURWHLQ
bLQdLQJ ZLWKLQ VXcK cRPSOH[HV Pa\ bH XVHIXO WR VSHcLI\ WaUJHWV IRU WUHaWPHQWV WR HLWKHU HQKaQcH
RU dLPLQLVK BRG1¶V aVVRcLaWLRQ dHSHQdLQJ RQ WKH WaUJHW JHQH aV a SUHYHQWaWLYH PHWKRd. BRG1
KaV dLVSOa\Hd a UROH LQ RQcRJHQLc KRAS-LQdXcHd caQcHUV ZLWK dLUHcWLRQaOLW\ VHHPLQJO\
dHSHQdHQW RQ caQcHU W\SH. BRG1 aVVRcLaWHV ZLWK VHYHUaO SURWHLQV ZLWKLQ WKH
RaV/RaI/MAPK/ERK1/2 SaWKZa\ aQd LV SURPRWHd WR IRUP cRPSOH[HV ZLWK RWKHU SURWHLQV ZKHQ
ERK1/2 LV acWLYaWHd. GLYHQ WKaW BRG1 aQd PRMT5 bRWK SOa\ a VLPLOaU UROH LQ aSRSWRVLV aQd
aXWRSKaJ\ aQd aUH bRWK LQYROYHd LQ WKH RAS/RAF SaWKZa\, IXUWKHU LQVLJKW LQWR WKH HIIHcWV RI
dXaO NQRcNdRZQ Pa\ VKRZ SURPLVLQJ UHVXOWV. TKLV SaSHU KRSHV WR HPSKaVL]H WKH SRVVLbLOLW\ RI
caQcHU WUHaWPHQWV bHQHILWLQJ IURP WKH cR-WUHaWPHQW RI BRG1.

45 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



RHIHUHQFHV

1 TURWWHU, K.W.; AUcKHU, T.K. TKH BRG1 WUaQVcULSWLRQaO cRUHJXOaWRU. NXcl. RecepW. Signal. 2008, 6, H004.
KWWSV://dRL.RUJ/10.1621/QUV.06004.

2 FHOVHQIHOd, G.; GURXdLQH, M. CRQWUROOLQJ WKH dRXbOH KHOL[. NaWXUe 2003, 421, 448±453.
KWWSV://dRL.RUJ/10.1038/QaWXUH01411.

3 JRKQVRQ, C.N.; AdNLQV, N.L.; GHRUJHO, P. CKURPaWLQ UHPRdHOLQJ cRPSOH[HV: ATP-dHSHQdHQW PacKLQHV LQ acWLRQ.
Biochem. Cell Biol. 2005, 83, 405±417. KWWSV://dRL.RUJ/10.1139/R05-115.

4 WX, S.; FaWNKXWdLQRY, N.; FXNXPRWR, T.; BLWOHU, B.G.; PaUN, P.H.; KRVVHQNRY, A.V.; TUL]]LQR, M.; TaQJ, H.-Y.; ZKaQJ,
L.; GaUdLQL, A.; HW aO. SWI/SNF caWaO\WLc VXbXQLWV¶ VZLWcK dULYHV UHVLVWaQcH WR EZH2 LQKLbLWRUV LQ ARID1A-PXWaWHd cHOOV. NaW.
CommXn. 2018, 9, 4116. KWWSV://dRL.RUJ/10.1038/V41467-018-06656-6.

5 EbHUKaUWHU, A.; BHcNHU, P. ATP-dHSHQdHQW QXcOHRVRPH UHPRdHOOLQJ: FacWRUV aQd IXQcWLRQV. J. Cell Sci. 2004, 117,
3707±3711. KWWSV://dRL.RUJ/10.1242/McV.01175.

6 SXdaUVaQaP, P.; WLQVWRQ, F. TKH SZL/SQI IaPLO\: NXcOHRVRPH-UHPRdHOLQJ cRPSOH[HV aQd WUaQVcULSWLRQaO cRQWURO.
TUendV GeneW. 2000, 16, 345±351. KWWSV://dRL.RUJ/10.1016/V0168-9525(00)02060-6.

7 KadaP, S.; McAOSLQH, G.S.; PKHOaQ, M.L.; KLQJVWRQ, R.E.; JRQHV, K.A.; EPHUVRQ, B.M. FXQcWLRQaO VHOHcWLYLW\ RI
UHcRPbLQaQW PaPPaOLaQ SWI/SNF VXbXQLWV. GeneV DeY. 2000, 14, 2441±2451. KWWSV://dRL.RUJ/10.1101/Jad.828000.

8 MXcKaUdW, C.; YaQLY, M. TKH PaPPaOLaQ SWI/SNF cRPSOH[ aQd WKH cRQWURO RI cHOO JURZWK. Semin. Cell DeY. Biol.
1999, 10, 189±195. KWWSV://dRL.RUJ/10.1006/Vcdb.1999.0300.

9 WRQJ, A.K.; SKaQaKaQ, F.; CKHQ, Y.; LLaQ, L.; Ha, P.; HHQdULcNV, K.; GKaIIaUL, S.; IOLHY, D.; PHQQ, B.; WRRdOaQd,
A.M.; HW aO. BRG1, a cRPSRQHQW RI WKH SWI-SNF cRPSOH[, LV PXWaWHd LQ PXOWLSOH KXPaQ WXPRU cHOO OLQHV.
CanceU ReV. 2000, 60, 6171±6177.

10 KORcKHQdOHU-YHLYLQ, A.; FLHWWH, L.; BaUUa, J.; MXcKaUdW, C.; BabLQHW, C.; YaQLY, M. TKH PXULQH SNF5/INI1 cKURPaWLQ
UHPRdHOLQJ IacWRU LV HVVHQWLaO IRU HPbU\RQLc dHYHORSPHQW aQd WXPRU VXSSUHVVLRQ. EMBO Rep. 2000, 1, 500±506.

11 LLQ, S.; JLaQJ, T.; YH, L.; HaQ, Z.; LLX, Y.; LLX, C.; YXaQ, C.; ZKaR, S.; CKHQ, J.; WaQJ, J.; HW aO. TKH
cKURPaWLQ-UHPRdHOLQJ HQ]\PH BRG1 SURPRWHV cRORQ caQcHU SURJUHVVLRQ YLa SRVLWLYH UHJXOaWLRQ RI WNT3A. OncoWaUgeW 2016, 7,
86051±86063. KWWSV://dRL.RUJ/10.18632/RQcRWaUJHW.13326.

12 MXWKXVZaPL, R.; BaLOH\, L.; RaNHVK, R.; IPbaO]aQR, A.N.; NLcNHUVRQ, J.A.; HRcNHQVPLWK, J.W. BRG1 LV a SURJQRVWLc
LQdLcaWRU aQd a SRWHQWLaO WKHUaSHXWLc WaUJHW IRU SURVWaWH caQcHU. J. Cell. Ph\Viol. 2019, 234, 15194±15205.
KWWSV://dRL.RUJ/10.1002/McS.28161.

13 PHQJ, L.; LL, J.; WX, J.; XX, B.; WaQJ, Z.; GLaPaV, G.; SWHbbLQJ, J.; YX, Z. A PaQ-CaQcHU AQaO\VLV RI SMARCA4
AOWHUaWLRQV LQ HXPaQ CaQcHUV. FUonW. ImmXnol. 2021, 12, 762598. KWWSV://dRL.RUJ/10.3389/ILPPX.2021.762598.

14 RR\, N.; MaOLN, S.; VLOOaQXHYa, K.E.; UUaQR, A.; LX, X.; VRQ FLJXUa, G.; SHHOH\, E.S.; DaZVRQ, D.W.; CROOLVVRQ,
E.A.; HHbURN, M. BUJ1 SURPRWHV bRWK WXPRU-VXSSUHVVLYH aQd RQcRJHQLc acWLYLWLHV aW dLVWLQcW VWaJHV RI SaQcUHaWLc caQcHU IRUPaWLRQ.
GeneV DeY. 2015, 29, 658±671. KWWSV://dRL.RUJ/10.1101/Jad.256628.114.

15 KLP, S.Y.; SKHQ, Q.; SRQ, K.; KLP, H.S.; YaQJ, H.D.; Na, M.J.; SKLQ, E.; YX, S.; KaQJ, K.; YRX, J.S.; HW aO.
SMARCA4 RQcRJHQLc SRWHQWLaO YLa IRAK1 HQKaQcHU WR acWLYaWH GaQN\ULQ aQd AKR1B10 LQ OLYHU caQcHU. Oncogene 2021, 40,
4652±4662. KWWSV://dRL.RUJ/10.1038/V41388-021-01875-6.

16 BaL, J.; MHL, P.; ZKaQJ, C.; CKHQ, F.; LL, C.; PaQ, Z.; LLX, H.; ZKHQJ, J. BRG1 IV a PURJQRVWLc MaUNHU aQd PRWHQWLaO
TKHUaSHXWLc TaUJHW LQ HXPaQ BUHaVW CaQcHU. PLoS ONE 2013, 8, H59772. KWWSV://dRL.RUJ/10.1371/MRXUQaO.SRQH.0059772.

17 DR, S.-I.; YRRQ, G.; KLP, H.-S.; KLP, K.; LHH, H.; DR, I.-G.; KLP, D.-H.; CKaH, S.W.; SRKQ, J.H. IQcUHaVHd
BUaKPa-UHOaWHd GHQH 1 E[SUHVVLRQ PUHdLcWV DLVWaQW MHWaVWaVLV aQd SKRUWHU SXUYLYaO LQ PaWLHQWV ZLWK IQYaVLYH DXcWaO CaUcLQRPa RI WKH
BUHaVW. AnWicanceU. ReV. 2016, 36, 4873±4882. KWWSV://dRL.RUJ/10.21873/aQWLcaQUHV.11051.

18 P\R, J.-S.; SRQ, B.K.; OK, D.; KLP, E.K. BRG1 LV cRUUHOaWHd ZLWK SRRU SURJQRVLV LQ cRORUHcWaO caQcHU. HXm. PaWhol.
2018, 73, 66±73. KWWSV://dRL.RUJ/10.1016/M.KXPSaWK.2017.12.013.

19 GLOHV, K.A.; GRXOd, C.M.; AcKLQJHU-KaZHcNa, J.; PaJH, S.G.; KaIHU, G.R.; RRJHUV, S.; LXX, P.-L.; CHVaUH, A.J.; COaUN,
S.J.; TabHUOa\, P.C. BRG1 NQRcNdRZQ LQKLbLWV SUROLIHUaWLRQ WKURXJK PXOWLSOH cHOOXOaU SaWKZa\V LQ SURVWaWH caQcHU. Clin. EpigeneW.
2021, 13, 37. KWWSV://dRL.RUJ/10.1186/V13148-021-01023-7.

20 YRVKLNaZa, T.; FXNXda, A.; OPaWVX, M.; NaPLNaZa, M.; SRQR, M.; FXNXQaJa, Y.; MaVXda, T.; AUaNL, O.; NaJaR, M.;
OJaZa, S.; HW aO. BUJ1 LV UHTXLUHd WR PaLQWaLQ cRORUHcWaO caQcHU VWHP cHOOV. J. PaWhol. 2021, 255, 257±269.
KWWSV://dRL.RUJ/10.1002/SaWK.5759.

21 RHLVPaQ, D.N.; ScLaUURWWa, J.; WaQJ, W.; FXQNKRXVHU, W.K.; WHLVVPaQ, B.E. LRVV RI BRG1/BRM LQ KXPaQ OXQJ
caQcHU cHOO OLQHV aQd SULPaU\ OXQJ caQcHUV: CRUUHOaWLRQ ZLWK SRRU SURJQRVLV. CanceU ReV. 2003, 63, 560±566.

22 WaQJ, G.; FX, Y.; HX, F.; LaQ, J.; XX, F.; YaQJ, X.; LXR, X.; WaQJ, J.; HX, J. LRVV RI BRG1 LQdXcHV CRC cHOO
VHQHVcHQcH b\ UHJXOaWLQJ S53/S21 SaWKZa\. Cell DeaWh DiV. 2017, 8, H2607.

23 WX, Q.; SKaUPa, S.; CXL, H.; LHBOaQc, S.E.; ZKaQJ, H.; MXWKXVZaPL, R.; NLcNHUVRQ, J.A.; IPbaO]aQR, A.N. TaUJHWLQJ
WKH cKURPaWLQ UHPRdHOLQJ HQ]\PH BRG1 LQcUHaVHV WKH HIILcac\ RI cKHPRWKHUaS\ dUXJV LQ bUHaVW caQcHU cHOOV. OncoWaUgeW 2016, 7,
27158±27175. KWWSV://dRL.RUJ/10.18632/RQcRWaUJHW.8384.

24 GOaURV, S.; CLUULQcLRQH, G.M.; PaOaQca, A.; MHW]JHU, D.; RHLVPaQ, D. TaUJHWHd KQRcNRXW RI BRG1 PRWHQWLaWHV LXQJ

46 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



CaQcHU DHYHORSPHQW. CanceU ReV. 2008, 68, 3689±3696. KWWSV://dRL.RUJ/10.1158/0008-5472.caQ-07-6652.
25 SKaQJ, L.; CKHQ, S.; DX, F.; LL, S.; ZKaR, L.; WaQJ, X. NXWULHQW VWaUYaWLRQ HOLcLWV aQ acXWH aXWRSKaJLc UHVSRQVH

PHdLaWHd b\ UON1 dHSKRVSKRU\OaWLRQ aQd LWV VXbVHTXHQW dLVVRcLaWLRQ IURP AMPK. PUoc. NaWl. Acad. Sci. USA 2011, 108, 4788±4793.
KWWSV://dRL.RUJ/10.1073/SQaV.1100844108.

26 ML]XVKLPa, N. AXWRSKaJ\: PURcHVV aQd IXQcWLRQ. GeneV DeY. 2007, 21, 2861±2873.
KWWSV://dRL.RUJ/10.1101/Jad.1599207.

27 ZacKaUL, M.; GaQOH\, I.G. TKH PaPPaOLaQ ULK1 cRPSOH[ aQd aXWRSKaJ\ LQLWLaWLRQ. EVVa\V Biochem. 2017, 61,
585±596. KWWSV://dRL.RUJ/10.1042/Hbc20170021.

28 LL, X.; HH, S.; Ma, B. AXWRSKaJ\ aQd aXWRSKaJ\-UHOaWHd SURWHLQV LQ caQcHU. Mol. CanceU 2020, 19, 12.
KWWSV://dRL.RUJ/10.1186/V12943-020-1138-4.

29 APaUaYadL, R.; KLPPHOPaQ, A.C.; WKLWH, E. RHcHQW LQVLJKWV LQWR WKH IXQcWLRQ RI aXWRSKaJ\ LQ caQcHU. GeneV DeY.
2016, 30, 1913±1930. KWWSV://dRL.RUJ/10.1101/Jad.287524.116.

30 EOPRUH, S. ASRSWRVLV: A UHYLHZ RI SURJUaPPHd cHOO dHaWK. To[icol. PaWhol. 2007, 35, 495±516.
KWWSV://dRL.RUJ/10.1080/01926230701320337.

31 LLX, M.; SXQ, T.; LL, N.; PHQJ, J.; FX, D.; LL, W.; LL, L.; GaR, W.-Q. BRG1 aWWHQXaWHV cRORQLc LQIOaPPaWLRQ aQd
WXPRULJHQHVLV WKURXJK aXWRSKaJ\-dHSHQdHQW R[LdaWLYH VWUHVV VHTXHVWUaWLRQ. NaW. CommXn. 2019, 10, 4614.
KWWSV://dRL.RUJ/10.1038/V41467-019-12573-].

32 FLPLa, G.M.; CRUa]]aUL, M.; AQWRQLROL, M.; PLacHQWLQL, M. APbUa1 aW WKH cURVVURad bHWZHHQ aXWRSKaJ\ aQd cHOO
dHaWK. Oncogene 2013, 32, 3311±3318. KWWSV://dRL.RUJ/10.1038/RQc.2012.455.

33 DRROH\, H.C.; WLOVRQ, M.I.; A TRR]H, S. WIPI2B OLQNV PWdIQV3P WR LC3 OLSLdaWLRQ WKURXJK bLQdLQJ ATG16L1.
AXWophag\ 2015, 11, 190±191. KWWSV://dRL.RUJ/10.1080/15548627.2014.996029.

34 SLQJK, A.P.; FROH\, J.F.; RXbLQR, M.; BR\OH, M.C.; TaQdRQ, A.; SKaK, R.; AUcKHU, T.K. BUJ1 EQabOHV RaSLd GURZWK RI
WKH EaUO\ EPbU\R b\ SXSSUHVVLQJ GHQHV TKaW RHJXOaWH ASRSWRVLV aQd CHOO GURZWK AUUHVW. Mol. Cell. Biol. 2016, 36, 1990±2010.
KWWSV://dRL.RUJ/10.1128/Pcb.01101-15.

35 GLacLQWL, C.; GLRUdaQR, A. RB aQd cHOO c\cOH SURJUHVVLRQ. Oncogene 2006, 25, 5220±5227.
KWWSV://dRL.RUJ/10.1038/VM.RQc.1209615.

36 TURXcKH, D.; LH CKaORQ\, C.; MXcKaUdW, C.; YaQLY, M.; KRX]aULdHV, T. RB aQd KbUP cRRSHUaWH WR UHSUHVV WKH
acWLYaWLRQ IXQcWLRQV RI E2F1. PUoc. NaWl. Acad. Sci. USA 1997, 94, 11268±11273. KWWSV://dRL.RUJ/10.1073/SQaV.94.21.11268.

37 JLaQJ, H.; MaUWLQ, V.; GRPH]-MaQ]aQR, C.; JRKQVRQ, D.G.; AORQVR, M.; WKLWH, E.; XX, J.; McDRQQHOO, T.J.;
SKLQRMLPa, N.; FXH\R, J. TKH RB-E2F1 PaWKZa\ RHJXOaWHV AXWRSKaJ\. CanceU ReV 2010, 70, 7882±7893.
KWWSV://dRL.RUJ/10.1158/0008-5472.caQ-10-1604.

38 SWURbHcN, M.W.; KQXdVHQ, K.E.; FULbRXUJ, A.F.; DHCULVWRIaUR, M.F.; WHLVVPaQ, B.E.; IPbaO]aQR, A.N.; KQXdVHQ,
E.S. BRG-1 LV UHTXLUHd IRU RB-PHdLaWHd cHOO c\cOH aUUHVW. PUoc. NaWl. Acad. Sci. USA 2000, 97, 7748±7753.
KWWSV://dRL.RUJ/10.1073/SQaV.97.14.7748.

39 BXOWPaQ, S.J.; HROOH\, D.W.; dH RLddHU, G.G.; PL]]R, S.V.; SLdRURYa, T.N.; MXUUa\, K.T.; JHQVHQ, B.C.; WaQJ, Z.;
BHYLOacTXa, A.; CKHQ, X.; HW aO. BRG1 aQd BRM SWI/SNF ATPaVHV UHdXQdaQWO\ PaLQWaLQ caUdLRP\Rc\WH KRPHRVWaVLV b\ UHJXOaWLQJ
caUdLRP\Rc\WH PLWRSKaJ\ aQd PLWRcKRQdULaO d\QaPLcV LQ YLYR. CaUdioYaVc. PaWhol. 2016, 25, 258±269.
KWWSV://dRL.RUJ/10.1016/M.caUSaWK.2016.02.004.

40 GRQJ, W.; LXR, C.; PHQJ, F.; XLaR, J.; ZHQJ, Y.; YLQ, B.; CKHQ, X.; LL, S.; HH, X.; LLX, Y.; HW aO. BUaKPa-UHOaWHd
JHQH-1 SURPRWHV WXbXOaU VHQHVcHQcH aQd UHQaO ILbURVLV WKURXJK WQW/bHWa-caWHQLQ/aXWRSKaJ\ a[LV. Clin. Sci. 2021, 135, 1873±1895.

41 TaNada, Y.; FXNXda, A.; CKLba, T.; SHQR, H. BUJ1 SOa\V aQ HVVHQWLaO UROH LQ dHYHORSPHQW aQd KRPHRVWaVLV RI WKH
dXRdHQXP WKURXJK UHJXOaWLRQ RI NRWcK VLJQaOLQJ. DeYelopmenW 2016, 143, 3532±3539. KWWSV://dRL.RUJ/10.1242/dHY.141549.

42 PaUN, J.-H.; PaUN, E.-J.; HXU, S.-K.; KLP, S.; KZRQ, J. MaPPaOLaQ SWI/SNF cKURPaWLQ UHPRdHOLQJ cRPSOH[HV aUH
UHTXLUHd WR SUHYHQW aSRSWRVLV aIWHU DNA daPaJH. DNA RepaiU 2009, 8, 29±39. KWWSV://dRL.RUJ/10.1016/M.dQaUHS.2008.08.011.

43 MaOLN, S.; OVKLPa, M.; RR\, N.; KaXVKLN, S.; KXYVKLQRYa, O.; WX, W.; GUHHU, J.E.; GUHHQ, S.; McMaKRQ, M.; JHQ,
K.-Y.; HW aO. SMARCA4 VXSSRUWV WKH RQcRJHQLc OaQdVcaSH RI KRAS-dULYHQ OXQJ WXPRUV. bioR[iY 2020.
KWWSV://dRL.RUJ/10.1101/2020.04.18.043927.

44 YRVKLNaZa, T.; FXNXda, A.; OPaWVX, M.; NaPLNaZa, M.; SRQR, M.; FXNXQaJa, Y.; MaVXda, T.; AUaNL, O.; NaJaR, M.;
OJaZa, S.; HW aO. JNK SaWKZa\ SOa\V a cULWLcaO UROH IRU H[SaQVLRQ RI KXPaQ cRORUHcWaO caQcHU LQ WKH cRQWH[W RI BRG1 VXSSUHVVLRQ.
CanceU Sci. 2022, 113, 3417±3427. KWWSV://dRL.RUJ/10.1111/caV.15520.

45 MaUTXH], R.T.; XX, L. BcO-2:BHcOLQ 1 cRPSOH[: MXOWLSOH, PHcKaQLVPV UHJXOaWLQJ aXWRSKaJ\/aSRSWRVLV WRJJOH VZLWcK.
Am. J. CanceU ReV. 2012, 2, 214±221.

46 LL, W.; XLRQJ, Y.; SKaQJ, C.; TZX, K.Y.; HaQJ, C.T.; YaQJ, J.; HaQ, P.; LLQ, C.-Y.; LLQ, C.-J.; TVaL, F.-C.; HW aO. BUJ1
JRYHUQV dLVWLQcW SaWKZa\V WR dLUHcW PXOWLSOH aVSHcWV RI PaPPaOLaQ QHXUaO cUHVW cHOO dHYHORSPHQW. PUoc. NaWl. Acad. Sci. USA 2013,
110, 1738±1743. KWWSV://dRL.RUJ/10.1073/SQaV.1218072110.

47 IcKLMR, H.; NLVKLda, E.; IULH, K.; WHQ DLMNH, P.; SaLWRK, M.; MRULJXcKL, T.; TaNaJL, M.; MaWVXPRWR, K.; ML\a]RQR, K.;
GRWRK, Y. IQdXcWLRQ RI ASRSWRVLV b\ ASK1, a MaPPaOLaQ MAPKKK TKaW AcWLYaWHV SAPK/JNK aQd S38 SLJQaOLQJ PaWKZa\V.
Science 1997, 275, 90±94. KWWSV://dRL.RUJ/10.1126/VcLHQcH.275.5296.90.

48 SaOadL, S.; WRQJ, P.G.; TULYHdL, A.R.; MaUaWKH, H.G.; KHHQHQ, B.; AUaV, S.; LLHZ, Z.; SHWaOXUL, V.; La SHUQa, I.L. BRG
1 SURPRWHV VXUYLYaO RI UV -LUUadLaWHd PHOaQRPa cHOOV b\ cRRSHUaWLQJ ZLWK MITF WR acWLYaWH WKH PHOaQRPa LQKLbLWRU RI aSRSWRVLV JHQH.
PLJPHQW. Cell Melanoma ReV. 2013, 26, 377±391. KWWSV://dRL.RUJ/10.1111/ScPU.12088.

47 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



49 SKaQJ, Z.; NLX, Y.; CaL, Q.; CKHQ, J.; TLaQ, J.; YHK, S.; LaL, K.-P.; CKaQJ, C. HXPaQ NaOOLNUHLQ 2 (KLK2) SURPRWHV
SURVWaWH caQcHU cHOO JURZWK YLa IXQcWLRQ aV a PRdXOaWRU WR SURPRWH WKH ARA70-HQKaQcHd aQdURJHQ UHcHSWRU WUaQVacWLYaWLRQ. TXmoU
Biol. 2014, 35, 1881±1890. KWWSV://dRL.RUJ/10.1007/V13277-013-1253-6.

50 TVXda, M.; FXNXda, A.; RR\, N.; HLUaPaWVX, Y.; LHRQKaUdW, L.; KaNLXcKL, N.; HR\HU, K.; OJaZa, S.; GRWR, N.; INXWa,
K.; HW aO. TKH BRG1/SOX9 a[LV LV cULWLcaO IRU acLQaU cHOO-dHULYHd SaQcUHaWLc WXPRULJHQHVLV. J. Clin. InYeVW. 2018, 128, 3475±3489.

51 GXR, Y.Z.; XLH, X.L.; FX, J.; XLQJ, G.L. SOX9 UHJXOaWHd SUROLIHUaWLRQ aQd aSRSWRVLV RI KXPaQ OXQJ caUcLQRPa cHOOV
b\ WKH WQW/ȕ-caWHQLQ VLJQaOLQJ SaWKZa\. EXU. ReY. Med. PhaUmacol. Sci. 2018, 22, 4898±4907.

52 CKaYH]-DRPLQJXH], R.; PHUH]-MHdLQa, M.; LRSH]-GRQ]aOH], J.S.; GaOLcLa-VHOaVcR, M.; AJXLOaU-Ca]aUHV, D. TKH
DRXbOH-EdJH SZRUd RI AXWRSKaJ\ LQ CaQcHU: FURP TXPRU SXSSUHVVLRQ WR PUR-WXPRU AcWLYLW\. FUonW. Oncol. 2020, 10, 578418.
KWWSV://dRL.RUJ/10.3389/IRQc.2020.578418.

53 LLX, C.; LL, F.; LL, X.; CaR, M.; FHQJ, G.; YXaQ, X.; SKL, X. WIPI2 dHSOHWLRQ LQKLbLWV WKH JURZWK RI KHSaWRcHOOXOaU
caUcLQRPa cHOOV WKURXJK WKH AMPK VLJQaOLQJ SaWKZa\. Oncol. Rep. 2020, 43, 1467±1478. KWWSV://dRL.RUJ/10.3892/RU.2020.7531.

54 BOaQc, R.S.; RLcKaUd, S. AUJLQLQH MHWK\OaWLRQ: TKH CRPLQJ RI AJH. Mol. Cell 2017, 65, 8±24.
KWWSV://dRL.RUJ/10.1016/M.PROcHO.2016.11.003.

55 GUHHQbOaWW, S.M.; LLX, F.; NLPHU, S.D. AUJLQLQH PHWK\OWUaQVIHUaVHV LQ QRUPaO aQd PaOLJQaQW KHPaWRSRLHVLV. E[p.
HemaWol. 2016, 44, 435±441. KWWSV://dRL.RUJ/10.1016/M.H[SKHP.2016.03.009.

56 KaUNKaQLV, V.; HX, Y.-J.; BaLRccKL, R.A.; IPbaO]aQR, A.N.; SLI, S. VHUVaWLOLW\ RI PRMT5-LQdXcHd PHWK\OaWLRQ LQ
JURZWK cRQWURO aQd dHYHORSPHQW. TUendV Biochem. Sci. 2011, 36, 633±641. KWWSV://dRL.RUJ/10.1016/M.WLbV.2011.09.001.

57 SKaLOHVK, H.; ZaNaULa, Z.Z.; BaLRccKL, R.; SLI, S. PURWHLQ aUJLQLQH PHWK\OWUaQVIHUaVH 5 (PRMT5) d\VUHJXOaWLRQ LQ
caQcHU. OncoWaUgeW 2018, 9, 36705±36718. KWWSV://dRL.RUJ/10.18632/RQcRWaUJHW.26404.

58 PaO, S.; YXQ, R.; DaWWa, A.; LacRPLV, L.; EUdMXPHQW-BURPaJH, H.; KXPaU, J.; THPSVW, P.; SLI, S. PSLQ3A/HLVWRQH
DHacHW\OaVH 2- aQd PRMT5-CRQWaLQLQJ BUJ1 CRPSOH[ IV IQYROYHd LQ TUaQVcULSWLRQaO RHSUHVVLRQ RI WKH M\c TaUJHW GHQH cad. Mol.
Cell. Biol. 2003, 23, 7475±7487. KWWSV://dRL.RUJ/10.1128/Pcb.23.21.7475-7487.2003.

59 NLVKLRNa, K.; CKXLNRY, S.; SaUPa, K.; EUdMXPHQW-BURPaJH, H.; AOOLV, C.D.; THPSVW, P.; RHLQbHUJ, D. SHW9, a QRYHO
KLVWRQH H3 PHWK\OWUaQVIHUaVH WKaW IacLOLWaWHV WUaQVcULSWLRQ b\ SUHcOXdLQJ KLVWRQH WaLO PRdLILcaWLRQV UHTXLUHd IRU KHWHURcKURPaWLQ
IRUPaWLRQ. GeneV DeY. 2002, 16, 479±489. KWWSV://dRL.RUJ/10.1101/Jad.967202.

60 PaO, S.; VLVKZaQaWK, S.N.; EUdMXPHQW-BURPaJH, H.; THPSVW, P.; SLI, S. HXPaQ SWI/SNF-AVVRcLaWHd PRMT5
MHWK\OaWHV HLVWRQH H3 AUJLQLQH 8 aQd NHJaWLYHO\ RHJXOaWHV E[SUHVVLRQ RI ST7 aQd NM23 TXPRU SXSSUHVVRU GHQHV. Mol. Cell. Biol.
2004, 24, 9630±9645. KWWSV://dRL.RUJ/10.1128/Pcb.24.21.9630-9645.2004.

61 YaQJ, M.; SXQ, J.; SXQ, X.; SKHQ, Q.; GaR, Z.; YaQJ, C. CaHQRUKabdLWLV HOHJaQV PURWHLQ AUJLQLQH MHWK\OWUaQVIHUaVH
PRMT-5 NHJaWLYHO\ RHJXOaWHV DNA DaPaJH-IQdXcHd ASRSWRVLV. PLoS GeneW. 2009, 5, H1000514.
KWWSV://dRL.RUJ/10.1371/MRXUQaO.SJHQ.1000514.

62 KRQJ, J.; WaQJ, Z.; ZKaQJ, Y.; WaQJ, T.; LLQJ, R. PURWHLQ aUJLQLQH PHWK\OWUaQVIHUaVHV 5 (PRMT5) aIIHcW PXOWLSOH
VWaJHV RI aXWRSKaJ\ aQd PRdXOaWH aXWRSKaJ\-UHOaWHd JHQHV LQ cRQWUROOLQJ bUHaVW caQcHU WXPRULJHQHVLV. CXUU. CanceU DUXg TaUgeWV
2022, 23, 242±250. KWWSV://dRL.RUJ/10.2174/1568009622666220922093059.

63 LXJHU, K.; MldHU, A.W.; RLcKPRQd, R.K.; SaUJHQW, D.F.; RLcKPRQd, T.J. CU\VWaO VWUXcWXUH RI WKH QXcOHRVRPH cRUH
SaUWLcOH aW 2.8 c UHVROXWLRQ. NaWXUe 1997, 389, 251±260. KWWSV://dRL.RUJ/10.1038/38444.

64 SWUaKO, B.D.; AOOLV, C.D. TKH OaQJXaJH RI cRYaOHQW KLVWRQH PRdLILcaWLRQV. NaWXUe 2000, 403, 41±45. ʛ
KWWSV://dRL.RUJ/10.1038/47412.

65 PHO]HO, H.R.; ScKOaPS, C.L.; NLcNHOOV, R.W. HLVWRQH H4 dHacHW\OaWLRQ SOa\V a cULWLcaO UROH LQ HaUO\ JHQH VLOHQcLQJ ʛ
dXULQJ QHXURQaO aSRSWRVLV. BMC NeXUoVci. 2010, 11, 62. KWWSV://dRL.RUJ/10.1186/1471-2202-11-62.

66 PaO, S.; BaLRccKL, R.A.; B\Ud, J.C.; GUHYHU, M.R.; JacRb, S.T.; SLI, S. LRZ OHYHOV RI PLR-92b/96 LQdXcH PRMT5
WUaQVOaWLRQ aQd H3R8/H4R3 PHWK\OaWLRQ LQ PaQWOH cHOO O\PSKRPa. EMBO J. 2007, 26, 3558±3569.

67 DHQJ, X.; SKaR, G.; ZKaQJ, H.-T.; LL, C.; ZKaQJ, D.; CKHQJ, L.; EO]H\, B.D.; PLOL, R.; RaWOLII, T.L.; HXaQJ, J.; HW aO.
PURWHLQ aUJLQLQH PHWK\OWUaQVIHUaVH 5 IXQcWLRQV aV aQ HSLJHQHWLc acWLYaWRU RI WKH aQdURJHQ UHcHSWRU WR SURPRWH SURVWaWH caQcHU cHOO
JURZWK. Oncogene 2017, 36, 1223±1231. KWWSV://dRL.RUJ/10.1038/RQc.2016.287.

68 dH Oa SHUQa, I.L.; CaUOVRQ, K.; IPbaO]aQR, A.N. MaPPaOLaQ SWI/SNF cRPSOH[HV SURPRWH M\RD-PHdLaWHd PXVcOH
dLIIHUHQWLaWLRQ. NaW. GeneW. 2001, 27, 187±190.

69 KRWa, S.K.; RRHQLQJ, C.; PaWHO, N.; KRWa, S.B.; BaURQ, R. PRMT5 LQKLbLWLRQ SURPRWHV RVWHRJHQLc dLIIHUHQWLaWLRQ RI
PHVHQcK\PaO VWURPaO cHOOV aQd UHSUHVVHV baVaO LQWHUIHURQ VWLPXOaWHd JHQH H[SUHVVLRQ. Bone 2018, 117, 37±46.

70 DacZaJ, C.S.; OKNaZa, Y.; PaO, S.; SLI, S.; IPbaO]aQR, A.N. TKH PURWHLQ AUJLQLQH MHWK\OWUaQVIHUaVH PUPW5 IV
RHTXLUHd IRU M\RJHQHVLV bHcaXVH IW FacLOLWaWHV ATP-DHSHQdHQW CKURPaWLQ RHPRdHOLQJ. Mol. Cell. Biol. 2007, 27, 384±394.
KWWSV://dRL.RUJ/10.1128/Pcb.01528-06.

71 W|OIHO, T.; HaXHU, M.; ScKQHLdHU, J.; SHUUaQR, M.; W|OIHO, C.; KOHKPaQQ-HLHb, E.; DH POaHQ, E.; HaQNHOQ, T.;
B�VcKHQIHOdH, K.-H.M.Z.; BHacK, D. A S16 INK4a -IQVHQVLWLYH CDK4 MXWaQW TaUJHWHd b\ C\WRO\WLc T L\PSKRc\WHV LQ a HXPaQ
MHOaQRPa. Science 1995, 269, 1281±1284. KWWSV://dRL.RUJ/10.1126/VcLHQcH.7652577.

72 M�OOHU-TLdRZ, C.; MHW]JHU, R.; K�JOHU, K.; DLHdHULcKV, S.; IdRV, G.; TKRPaV, M.; DRcNKRUQ-DZRUQLc]aN, B.;
ScKQHLdHU, P.M.; KRHIIOHU, H.P.; BHUdHO, W.E.; HW aO. C\cOLQ E LV WKH RQO\ c\cOLQ-dHSHQdHQW NLQaVH 2-aVVRcLaWHd c\cOLQ WKaW SUHdLcWV
PHWaVWaVLV aQd VXUYLYaO LQ HaUO\ VWaJH QRQ-VPaOO cHOO OXQJ caQcHU. CanceU ReV. 2001, 61, 647±653.

73 MaQVILHOd, P.; CRQVWaQWLQR, J.N.; BaOdULdJH, D. MYT1L: A V\VWHPaWLc UHYLHZ RI JHQHWLc YaULaWLRQ HQcRPSaVVLQJ

48 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



VcKL]RSKUHQLa aQd aXWLVP. AP. J. MHd GHQHW. PaUW B NHXURSV\cKLaWU. GeneW. 2020, 183, 227±233.
KWWSV://dRL.RUJ/10.1002/aMPJ.b.32781.

74 SWHHJ, P.S.; BHYLOacTXa, G.; KRSSHU, L.; TKRUJHLUVVRQ, U.P.; TaOPadJH, J.E.; LLRWWa, L.A.; SRbHO, M.E. EYLdHQcH IRU a
QRYHO JHQH aVVRcLaWHd ZLWK ORZ WXPRU PHWaVWaWLc SRWHQWLaO. J. NaWl. CanceU InVW. 1988, 80, 200±204.

75 NaUOLNaU, G.J.; FaQ, H.-Y.; KLQJVWRQ, R.E. CRRSHUaWLRQ bHWZHHQ CRPSOH[HV WKaW RHJXOaWH CKURPaWLQ SWUXcWXUH aQd
TUaQVcULSWLRQ. Cell 2002, 108, 475±487. KWWSV://dRL.RUJ/10.1016/V0092-8674(02)00654-2.

76 CRZOH\, S.M.; IULWaQL, B.M.; MHQdU\Va, S.M.; XX, T.; CKHQJ, P.F.; Yada, J.; LLJJLWW, H.D.; ELVHQPaQ, R.N. TKH
PSLQ3A CKURPaWLQ-MRdLI\LQJ CRPSOH[ IV EVVHQWLaO IRU EPbU\RJHQHVLV aQd T-CHOO DHYHORSPHQW. Mol. Cell. Biol. 2005, 25,
6990±7004. KWWSV://dRL.RUJ/10.1128/Pcb.25.16.6990-7004.2005.

77 PaO, S.; SLI, S. IQWHUSOa\ bHWZHHQ cKURPaWLQ UHPRdHOHUV aQd SURWHLQ aUJLQLQH PHWK\OWUaQVIHUaVHV. J. Cell. Ph\Viol.
2007, 213, 306±315. KWWSV://dRL.RUJ/10.1002/McS.21180.

78 LaKHUW\, C.D.; YaQJ, W.-M.; SXQ, J.-M.; DaYLH, J.R.; SHWR, E.; ELVHQPaQ, R.N. HLVWRQH DHacHW\OaVHV AVVRcLaWHd ZLWK
WKH PSLQ3 CRUHSUHVVRU MHdLaWH Mad TUaQVcULSWLRQaO RHSUHVVLRQ. Cell 1997, 89, 349±356.
KWWSV://dRL.RUJ/10.1016/V0092-8674(00)80215-9.

79 GUaQdRUL, C.; CRZOH\, S.M.; JaPHV, L.P.; ELVHQPaQ, R.N. TKH M\c/Ma[/Mad NHWZRUN aQd WKH TUaQVcULSWLRQaO
CRQWURO RI CHOO BHKaYLRU. AnnX. ReY. Cell DeY. Biol. 2000, 16, 653±699. KWWSV://dRL.RUJ/10.1146/aQQXUHY.cHOObLR.16.1.653.

80 CKHQJ, S.W.G.; DaYLHV, K.P.; YXQJ, E.; BHOWUaQ, R.J.; YX, J.; KaOSaQa, G.V. c-MYC LQWHUacWV ZLWK INI1/KSNF5 aQd
UHTXLUHV WKH SWI/SNF cRPSOH[ IRU WUaQVacWLYaWLRQ IXQcWLRQ. NaW. GeneW. 1999, 22, 102±105.

81 KUaQHQbXUJ, O. TKH KRAS RQcRJHQH: PaVW, SUHVHQW, aQd IXWXUH. Biochim. Bioph\V. AcWa 2005, 1756, 81±82.
KWWSV://dRL.RUJ/10.1016/M.bbcaQ.2005.10.001.

82 CaUJQHOOR, M.; RRX[, P.P. AcWLYaWLRQ aQd FXQcWLRQ RI WKH MAPKV aQd TKHLU SXbVWUaWHV, WKH MAPK-AcWLYaWHd PURWHLQ
KLQaVHV. MicUobiol. Mol. Biol. ReY. 2012, 76, 496. KWWSV://dRL.RUJ/10.1128/MMBR.00031-10.

83 KRQJ, T.; LLX, M.; JL, B.; BaL, B.; CKHQJ, B.; WaQJ, C. RROH RI WKH E[WUacHOOXOaU SLJQaO-RHJXOaWHd KLQaVH 1/2
SLJQaOLQJ PaWKZa\ LQ IVcKHPLa-RHSHUIXVLRQ IQMXU\. FUonW. Ph\Viol. 2019, 10, 1038.

84 GXR, Y.J.; PaQ, W.W.; LLX, S.B.; SKHQ, Z.F.; XX, Y.; HX, L.L. ERK/MAPK VLJQaOOLQJ SaWKZa\ aQd WXPRULJHQHVLV.
E[p. TheU. Med. 2020, 19, 1997±2007. KWWSV://dRL.RUJ/10.3892/HWP.2020.8454.

85 WRUW]HO, I.; SHJHU, R. TKH ERK CaVcadH: DLVWLQcW FXQcWLRQV ZLWKLQ VaULRXV SXbcHOOXOaU OUJaQHOOHV. GeneV CanceU
2011, 2, 195±209. KWWSV://dRL.RUJ/10.1177/1947601911407328.

86 SRXOa-RRWKKXW, M.; CRLVVaUd, C.; SaUWHOHW, H.; BRXdRW, C.; BHOORQ, G.; MaUWLQ\, L.; RRWKKXW, B. TKH WXPRU VXSSUHVVRU
PTEN LQKLbLWV EGF-LQdXcHd TSP-1 aQd TIMP-1 H[SUHVVLRQ LQ FTC-133 WK\URLd caUcLQRPa cHOOV. E[p. Cell
ReV. 2005, 304, 187±201. KWWSV://dRL.RUJ/10.1016/M.\H[cU.2004.10.026.

87 COaUN, A.; DHaQ, J.; TXdRU, C.; SaNOaWYaOa, J. PRVW-WUaQVcULSWLRQaO JHQH UHJXOaWLRQ b\ MAP NLQaVHV YLa AU-ULcK
HOHPHQWV. FUonW. BioVci. 2009, 14, 847±871.

88 SaSLU, T.; SKLIWHK, D.; PaKPHU, M.; GRHO, S.; MaLWUa, R. PURWHLQ AUJLQLQH MHWK\OWUaQVIHUaVH 5 (PRMT5) aQd WKH
ERK1/2 & PI3K PaWKZa\V: A CaVH IRU PRMT5 IQKLbLWLRQ aQd CRPbLQaWLRQ TKHUaSLHV LQ CaQcHU. Mol. CanceU ReV. 2021, 19,
388±394.

89 HH]HO, A.F.; KLPPHOPaQ, A.C.; SWaQJHU, B.Z.; BaUdHHV\, N.; DHPLQKR, R.A. GHQHWLcV aQd bLRORJ\ RI SaQcUHaWLc dXcWaO
adHQRcaUcLQRPa. GeneV DeY. 2006, 20, 1218±1249. KWWSV://dRL.RUJ/10.1101/Jad.1415606.

90 YRQ FLJXUa, G.; FXNXda, A.; RR\, N.; LLNX, M.E.; MRUULV IY, J.P.; KLP, G.E.; RXVV, H.A.; FLUSR, M.A.; MXOYLKLOO, S.J.;
DaZVRQ, D.W.; HW aO. TKH cKURPaWLQ UHJXOaWRU BUJ1 VXSSUHVVHV IRUPaWLRQ RI LQWUadXcWaO SaSLOOaU\ PXcLQRXV QHRSOaVP aQd SaQcUHaWLc
dXcWaO adHQRcaUcLQRPa. NaW. Cell Biol. 2014, 16, 255±267.

91 DHULbH, Y.L.; SXQ, Y.; THUUaQRYa, C.; KKaQ, F.; MaUWLQH]-LHdHVPa, J.; Ga\, J.; GaR, G.; MXOOLQa[, R.A.; KKRU, T.;
FHQJ, N.; HW aO. MXWaWLRQV LQ WKH SWI/SNF cRPSOH[ LQdXcH a WaUJHWabOH dHSHQdHQcH RQ R[LdaWLYH
SKRVSKRU\OaWLRQ LQ OXQJ caQcHU. NaW. Med. 2018, 24, 1047±1057. KWWSV://dRL.RUJ/10.1038/V41591-018-0019-5.

92 DaJRJR-JacN, I.; ScKURcN, A.B.; KHP, M.; JHVVRS, N.; LHH, J.; AOL, S.M.; RRVV, J.S.; LHQQHU], J.K.; SKaZ, A.T.;
MLQR-KHQXdVRQ, M. COLQLcRSaWKRORJLc CKaUacWHULVWLcV RI BRG1-DHILcLHQW NSCLC. J. ThoUac. Oncol. 2020, 15, 766±776.
KWWSV://dRL.RUJ/10.1016/M.MWKR.2020.01.002.

93 LLX, L.; AKPHd, T.; PHWW\, W.J.; GUaQW, S.; RXL], J.; L\caQ, T.W.; TRSaORJOX, U.; CKRX, P.-C.; MLOOHU, L.D.; HaZNLQV,
G.A.; HW aO. SMARCA4 PXWaWLRQV LQ KRAS-PXWaQW OXQJ adHQRcaUcLQRPa: A PXOWL-cRKRUW aQaO\VLV. Mol. Oncol. 2021, 15, 462±472.

94 TX, Z.; ZKXaQJ, X.; YaR, Y.-G.; ZKaQJ, R. BRG1 IV RHTXLUHd IRU FRUPaWLRQ RI SHQHVcHQcH-AVVRcLaWHd
HHWHURcKURPaWLQ FRcL IQdXcHd b\ OQcRJHQLc RAS RU BRCA1 LRVV. Mol. Cell. Biol. 2013, 33, 1819±1829.
KWWSV://dRL.RUJ/10.1128/Pcb.01744-12.

95 SLI, S.; SWXNHQbHUJ, P.T.; KLUVcKQHU, M.W.; KLQJVWRQ, R.E. MLWRWLc LQacWLYaWLRQ RI a KXPaQ SWI/SNF cKURPaWLQ
UHPRdHOLQJ cRPSOH[. GeneV DeY. 1998, 12, 2842±2851. KWWSV://dRL.RUJ/10.1101/Jad.12.18.2842.

96 TX, N.; HX, Y.; MLYHcKL, N.F. HHaW VKRcN WUaQVcULSWLRQ IacWRU (HVI)-4b UHcUXLWV BUJ1 dXULQJ WKH G1 SKaVH RI WKH cHOO
c\cOH aQd UHJXOaWHV WKH H[SUHVVLRQ RI KHaW VKRcN SURWHLQV. J. Cell. Biochem. 2006, 98, 1528±1542. KWWSV://dRL.RUJ/10.1002/Mcb.20865.

97 cNHUIHOW, M.; MRULPRWR, R.I.; SLVWRQHQ, L. HHaW VKRcN IacWRUV: IQWHJUaWRUV RI cHOO VWUHVV, dHYHORSPHQW aQd OLIHVSaQ.
NaW. ReY. Mol. Cell Biol. 2010, 11, 545±555. KWWSV://dRL.RUJ/10.1038/QUP2938.

98 PXXVWLQHQ, M.C.; SLVWRQHQ, L. MROHcXOaU MHcKaQLVPV RI HHaW SKRcN FacWRUV LQ CaQcHU. CellV 2020, 9, 1202.
KWWSV://dRL.RUJ/10.3390/cHOOV9051202.

99 Ma, P.; TaQJ, W.G.; HX, J.W.; HaR, Y.; XLRQJ, L.K.; WaQJ, M.M.; LLX, H.; BR, W.-H.; YX, K.-H. HSP4 WULJJHUV

49 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



HSLWKHOLaO-PHVHQcK\PaO WUaQVLWLRQ aQd SURPRWHV PRWLOLW\ caSacLWLHV RI KHSaWRcHOOXOaU caUcLQRPa cHOOV YLa acWLYaWLQJ AKT. LiYeU InW.
2020, 40, 1211±1223.

100 YaQJ, Y.; JLQ, L.; ZKaQJ, J.; WaQJ, J.; ZKaR, X.; WX, G.; YaR, H.; ZKaQJ, Z. HLJKHSF4H[SUHVVLRQ LV aQ LQdHSHQdHQW
LQdLcaWRU RI SRRU RYHUaOO VXUYLYaO aQd UHcXUUHQcH IUHH VXUYLYaO LQ SaWLHQWV ZLWK SULPaU\ cRORUHcWaO caQcHU. IUBMB Life 2017, 69,
956±961. KWWSV://dRL.RUJ/10.1002/LXb.1692.

101 TaNaNL, E.; FXMLPRWR, M.; SXJaKaUa, K.; NaNaKaUL, T.; YRQHPXUa, S.; TaQaNa, Y.; Ha\aVKLda, N.; IQRX\H, S.;
TaNHPRWR, T.; YaPaVKLWa, H.; HW aO. MaLQWHQaQcH RI OOIacWRU\ NHXURJHQHVLV RHTXLUHV HSF1, a MaMRU HHaW SKRcN TUaQVcULSWLRQ FacWRU
LQ MLcH. J. Biol. Chem. 2006, 281, 4931±4937. KWWSV://dRL.RUJ/10.1074/Mbc.P506911200.

102 BRJR\HYLWcK, M.A.; CRXUW, N.W. CRXQWLQJ RQ PLWRJHQ-acWLYaWHd SURWHLQ NLQaVHV²ERKV 3, 4, 5, 6, 7 aQd 8. Cell.
Signal 2004, 16, 1345±1354.

103 HX, Y.; MLYHcKL, N.F. AVVRcLaWLRQ aQd RHJXOaWLRQ RI HHaW SKRcN TUaQVcULSWLRQ FacWRU 4b ZLWK bRWK E[WUacHOOXOaU
SLJQaO-RHJXOaWHd KLQaVH MLWRJHQ-AcWLYaWHd PURWHLQ KLQaVH aQd DXaO-SSHcLILcLW\ T\URVLQH PKRVSKaWaVH DUSP26. Mol. Cell. Biol.
2006, 26, 3282±3294. KWWSV://dRL.RUJ/10.1128/Pcb.26.8.3282-3294.2006.

104 MacDRQaOd, T.J.; BURZQ, K.M.; LaFOHXU, B.; PHWHUVRQ, K.; LaZORU, C.; CKHQ, Y.; PacNHU, R.J.; CRJHQ, P.; SWHSKaQ,
D.A. E[SUHVVLRQ SURILOLQJ RI PHdXOORbOaVWRPa: PDGFRA aQd WKH RAS/MAPK SaWKZa\ aV WKHUaSHXWLc WaUJHWV IRU PHWaVWaWLc dLVHaVH.
NaW. GeneW. 2001, 29, 143±152. KWWSV://dRL.RUJ/10.1038/QJ731.

105 FXNXRNa, T.; KLWaPL, Y.; ONXUa, T.; HLZada, K. TUaQVcULSWLRQaO UHJXOaWLRQ RI WKH SOaWHOHW-dHULYHd JURZWK IacWRU aOSKa
UHcHSWRU JHQH YLa CCAAT/HQKaQcHU-bLQdLQJ SURWHLQ-dHOWa LQ YaVcXOaU VPRRWK PXVcOH cHOOV. J. Biol. Chem. 1999, 274, 25576±25582.

106 LL, L.; LLX, D.; BX, D.; CKHQ, S.; WX, J.; TaQJ, C.; DX, J.; JLQ, H. BUJ1-dHSHQdHQW HSLJHQHWLc cRQWURO RI YaVcXOaU
VPRRWK PXVcOH cHOO SUROLIHUaWLRQ b\ K\dURJHQ VXOILdH. Biochim. Bioph\V. AcWa. (BBA) Mol. Cell ReV. 2013, 1833, 1347±1355.

107 BaUXWcX, A.R.; LaMRLH, B.R.; FULW], A.J.; McCRUd, R.P.; NLcNHUVRQ, J.A.; YaQ WLMQHQ, A.J.; LLaQ, J.B.; SWHLQ, J.L.;
DHNNHU, J.; SWHLQ, G.S.; HW aO. SMARCA4 UHJXOaWHV JHQH H[SUHVVLRQ aQd KLJKHU-RUdHU cKURPaWLQ VWUXcWXUH LQ SUROLIHUaWLQJ PaPPaU\
HSLWKHOLaO cHOOV. Genome ReV. 2016, 26, 1188±1201. KWWSV://dRL.RUJ/10.1101/JU.201624.115.

108 IPbaO]aQR, A.; IPbaO]aQR, K.; NLcNHUVRQ, J.A. BRG1, a SWI/SNF cKURPaWLQ UHPRdHOLQJ HQ]\PH ATPaVH, LV
UHTXLUHd IRU PaLQWHQaQcH RI QXcOHaU VKaSH aQd LQWHJULW\. CommXn. InWegU. Biol. 2013, 6, H25153. KWWSV://dRL.RUJ/10.4161/cLb.25153.

109 PadLOOa-BHQaYLdHV, T.; HaRNLS, D.T.; YRRQ, Y.; RH\HV-GXWLHUUH], P.; RLYHUa-PpUH], J.A.; IPbaO]aQR, A.N.
CK2-DHSHQdHQW PKRVSKRU\OaWLRQ RI WKH BUJ1 CKURPaWLQ RHPRdHOLQJ EQ]\PH OccXUV dXULQJ MLWRVLV. InW. J. Mol. Sci. 2020, 21, 923.
KWWSV://dRL.RUJ/10.3390/LMPV21030923.

*TKLV SaSHU KaV bHHQ SUHYLRXVO\ SXbOLVKHd LQ WKH IQWHUQaWLRQaO JRXUQaO RI MROHcXOaU ScLHQcHV FHbUXaU\ 2023.

50 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



<HVKLYD UQLYHUVLW\ JRXUQDO RI MHGLFLQH DQG DHQWLVWU\

RHYLHZ

CO9ID-19 DQG WKH IPPXQH RHVSRQVH: A MXOWL-SKDVLF
ASSURDFK WR WKH TUHDWPHQW RI CO9ID-19
T]XULHO SDSLU, =DHOLJ AYHUFK, BULDQ LHUPDQ, AEUDKDP BRG]LQ, <HVKD\D FLVKPDQ,
DQG RDGKDVKUHH MDLWUD

AEVWUDFW
COVID-19 LV a YLUaO aJHQW caXVLQJ IOX-OLNH V\PSWRPV WKaW, ZKHQ H[acHUbaWHd, caQ KaYH
OLIH-WKUHaWHQLQJ cRQVHTXHQcHV. COVID-19 KaV aOVR bHHQ OLQNHd WR SHUVLVWHQW V\PSWRPV, VHTXHOaH,
aQd PHdLcaO cRPSOLcaWLRQV WKaW caQ OaVW PRQWKV aIWHU WKH LQLWLaO LQIHcWLRQ. TKLV V\VWHPaWLc UHYLHZ
aLPV WR HOXcLdaWH WKH LQQaWH aQd adaSWLYH LPPXQH PHcKaQLVPV LQYROYHd, LdHQWLI\ SRWHQWLaO
cKaUacWHULVWLcV RI COVID-19 SaWKRORJ\ WKaW Pa\ LQcUHaVH V\PSWRP dXUaWLRQ, aQd dHVcULbH WKH
dLIIHUHQW VWaJHV RI COVID-19 LQIHcWLRQ aV ZHOO aV HacK SKaVH¶V cRUUHVSRQdLQJ LPPXQH UHVSRQVH.
TKXV, b\ aSSURacKLQJ COVID-19 LQIHcWLRQ ZLWK a PXOWL-SKaVLc SHUVSHcWLYH, ZH HQcRXUaJH WKH
HPSOR\PHQW RI dLIIHUHQW WUHaWPHQWV aW VSHcLILc VWaJHV, WKHUHb\ IXOO\ cXUaWLQJ WKH WUHaWPHQW WR WKH
VWaJH RI dLVHaVH.

IQWURGXFWLRQ
CRURQaYLUXV dLVHaVH 2019 (COVID-19), a YLUaO LQIHcWLRXV dLVHaVH, LV caXVHd b\ WKH QRYHO VHYHUH
acXWH UHVSLUaWRU\ V\QdURPH cRURQaYLUXV 2 (SARS-CRV-2).1 AV RI ZULWLQJ, WKHUH KaYH bHHQ aQ
HVWLPaWHd 500 PLOOLRQ caVHV RI COVID-19 aQd PRUH WKaQ 6 PLOOLRQ dHaWKV.2 MRVW SaWLHQWV ZLWK
COVID-19 H[SHULHQcH PLQLPaO IOX-OLNH V\PSWRPV, RU HYHQ QRQH aW aOO. HRZHYHU, aSSUR[LPaWHO\
RQH ILIWK RI COVID-19 SaWLHQWV dR H[SHULHQcH VHYHUH dLVHaVH RU dLH.3 UQdHUO\LQJ PHdLcaO
cRQdLWLRQV aQd adYaQcHd aJH aUH NQRZQ WR bH ULVN IacWRUV IRU VHYHUH COVID-19.4

SARS-CRV-2 LV VLPLOaU WR RWKHU cRURQaYLUXVHV LQ WKaW LW LV aQ HQYHORSHd, VSKHULcaO YLUXV ZLWK a
VLQJOH-VWUaQdHd, SRVLWLYH-VHQVH RNA JHQRPH. TKHUHIRUH, WKH HQWLUH YLUaO OLIH c\cOH WaNHV SOacH
ZLWKLQ WKH KRVW cHOO ZKLcK KaV bHHQ LQIHcWHd. TKH YLUXV HQWHUV WKH KRVW cHOO b\ XVLQJ LWV YLUaO VSLNH
(S) JO\cRSURWHLQ WR LQWHUacW ZLWK aQJLRWHQVLQ-cRQYHUWLQJ HQ]\PH 2 (ACE2), a KRVW UHcHSWRU
SURWHLQ.1 TUaQVPHPbUaQH VHULQH SURWHaVH 2 (TMPRSS2), WKH VHcRQd SURWHLQ LQYROYHd LQ WKLV HQWU\
SURcHVV, IacLOLWaWHV WKH IXVLRQ RI YLUaO aQd KRVW PHPbUaQHV, aQd aOORZV WKH YLUXV WR bH UHOHaVHd
LQWR WKH KRVW c\WRSOaVP. AV VXcK, YLUaO WURSLVP RI SARS-CRV-2 LV dHWHUPLQHd b\ WKH SUHVHQcH RI
ACE2 aQd TMPRSS2 RQ WKH KRVW cHOO¶V SOaVPa PHPbUaQH, PHaQLQJ WKaW WLVVXHV OLNH QaVaO
HSLWKHOLaO cHOOV, OXQJV, aQd bURQcKLaO bUaQcKHV²ZKHUH cR-H[SUHVVLRQ RI bRWK LV KLJK²aUH
aIIHcWHd PRVW.3,5,6

TKH LQcXbaWLRQ SHULRd bHWZHHQ SARS-CRV-2 H[SRVXUH aQd V\PSWRP RQVHW LV abRXW ILYH da\V,
aOWKRXJK WKLV Pa\ YaU\.7 COVID-19 LQIHcWLRQ LV NQRZQ WR bH PXOWL-SKaVLc, PHaQLQJ WKaW WKHUH
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aUH VHYHUaO VWaJHV WR WKH LQIHcWLRQ SURcHVV. TKLV PaNHV SaWLHQWV ZLWK VHYHUH COVID-19 LQIHcWLRQ
dLIILcXOW WR WUHaW, aV dLIIHUHQW WKHUaSHXWLc aSSURacKHV aUH UHTXLUHd dHSHQdLQJ RQ WKH SaWLHQW¶V VWaJH
RI LQIHcWLRQ.8 FRU H[aPSOH, WKH ILUVW SKaVH RI COVID-19 LQIHcWLRQ LV a YLUaO UHSOLcaWLRQ SKaVH
dXULQJ ZKLcK LW LV PRVW bHQHILcLaO WR XVH dUXJV WKaW LQKLbLW YLUaO UHSOLcaWLRQ. HRZHYHU, dXULQJ WKH
VXbVHTXHQW SKaVH RI LQIOaPPaWLRQ, dXULQJ ZKLcK aQ RYHUZKHOPLQJ aQd SRWHQWLaOO\ KaUPIXO
LPPXQH UHVSRQVH WaNHV SOacH, RQO\ dUXJV WKaW UHdXcH WKH LPPXQH UHVSRQVH ZLOO bH KHOSIXO.9 FRU
WKLV UHaVRQ, LW LV LPSRUWaQW WR XQdHUVWaQd WKH LPPXQH V\VWHP¶V IXOO bUHadWK RI UHVSRQVH WR
COVID-19 LQIHcWLRQ.

TKH ILUVW SKaVH RI LQIHcWLRQ LQYROYHV a YLUaO UHSOLcaWLRQ SKaVH. IQ WKLV SKaVH, SARS-CRV-2
HVWabOLVKHV LWVHOI LQ WKH KRVW bRd\ aQd SURcHHdV WR UaSLdO\ dXSOLcaWH LWVHOI. IQ WKH IROORZLQJ WZR
VHcWLRQV ZH dHVcULbH WKH Za\V LQ ZKLcK WKH LQQaWH aQd adaSWLYH LPPXQH UHVSRQVHV bHKaYH dXULQJ
WKLV VWaJH. WH dHOLQHaWH WKH Za\V WKH YLUXV HVcaSHV LPPXQLW\ aQd dHVcULbH KRZ WKH LQLWLaO
LPPXQH UHVSRQVH bULQJV abRXW WKH VHcRQd VWaJH RI LQIHcWLRQ, WKaW RI LPPXQH K\SHUacWLYaWLRQ.
TKH IRXUWK VHcWLRQ RI WKLV SaSHU ORRNV aW WKaW VHcRQd SKaVH aORQJVLdH YLUaO cOHaUaQcH, ZKLOH WKH
ILIWK VHcWLRQ H[SORUHV a SKHQRP NQRZQ aV PRVW-AcXWH SHTXHOaH RI COVID-19²a SURSRVHd WKLUd
VWaJH RI COVID-19 LQIHcWLRQ. FLQaOO\, WKH VL[WK VHcWLRQ RI RXU UHYLHZ dHWaLOV cXUUHQW WUHaWPHQW
SUacWLcHV IRU COVID-19.

IQQDWH IPPXQH RHVSRQVH

ImmXne DeWecWion of SARS-CoV-2
IQ RUdHU WR LQLWLaWH WKH LPPXQH UHVSRQVH, LPPXQH cHOOV KaYH VHYHUaO W\SHV RI SaWWHUQ UHcRJQLWLRQ
UHcHSWRUV (PRRV) ZKLcK UHcRJQL]H bURad cKaUacWHULVWLcV RI SaWKRJHQV. TKHVH aUH caOOHd
SaWKRJHQ-aVVRcLaWHd PROHcXOaU SaWWHUQV (PAMPV), RU daPaJH-aVVRcLaWHd PROHcXOaU SaWWHUQV
(DAMPV). MaQ\ PRRV KaYH bHHQ VKRZQ WR acWLYaWH LQ UHVSRQVH WR SARS-CRV-2.

BRWK WKH abVHQcH RI, aQd LQWHUIHUHQcH ZLWK, WROO-OLNH UHcHSWRU 2 (TLR2) KaV bHHQ VKRZQ WR
dHcUHaVH SUR-LQIOaPPaWRU\ UHVSRQVH WR SARS-CRV-2, VXJJHVWLQJ WKaW TLR2 LV RQH RI WKH PRRV
WKaW UHcRJQL]H WKH YLUXV. SSHcLILcaOO\, LQKLbLWLRQ RI TLR2 dHcUHaVHd LQIOaPPaWRU\ UHVSRQVH aIWHU
LW Kad bHHQ LQdXcHd ZLWK SARS-CRV-2 HQYHORSH SURWHLQ (E SURWHLQ), VXJJHVWLQJ WKaW E SURWHLQ
Pa\ bH WKaW ZKLcK TLR2 UHcRJQL]HV RQ SARS-CRV-2.10 OWKHU TLRV aUH OHVV cORVHO\ VWXdLHd LQ
WKH cRQWH[W RI SARS-CRV-2. TLR3, ZKLcK UHcRJQL]HV dRXbOH-VWUaQdHd RNA (dVRNA), KaV bHHQ
VKRZQ WR bH acWLYaWHd b\ SARS-CRV-2 LQIHcWLRQ ZLWKLQ WKH ILUVW 24 KRXUV.11 TLR1, TLR4, aQd
TLR6 Pa\ bLQd SARS-CRV-2 VSLNH SURWHLQ.12 HRZHYHU, S SURWHLQ KaV bHHQ VKRZQ WR
SUHIHUHQWLaOO\ bLQd OLSRSRO\VaccKaULdH, a NQRZQ WaUJHW RI TLR4, caVWLQJ VRPH dRXbW RYHU WKHVH
ILQdLQJV, cRQVLdHULQJ WKH SRVVLbLOLW\ RI OLSRSRO\VaccKaULdH cRQWaPLQaWLRQ RI S SURWHLQ caXVLQJ a
TLR4-PHdLaWHd c\WRNLQH UHacWLRQ.13 TLR7 KaV aOVR bHHQ VKRZQ WR acWLYaWH LQ UHVSRQVH WR
SARS-CRV-2, aQd abQRUPaOLWLHV LQ WKH TLR7 JHQH cRUUHOaWH ZLWK VHYHUH COVID-19.11,14

52 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



SARS-CoV-2 AYoidV InnaWe ImmXniW\
SARS-CRV-2, LQ LWV LQWHUHVW RI VXccHVVIXOO\ LQIHcWLQJ, KaV VWUaWHJLHV WR aYRLd bHLQJ dHWHcWHd RU
acWHd XSRQ b\ WKH LPPXQH V\VWHP. SHYHUaO VWXdLHV KaYH WRJHWKHU VKRZQ WKaW WKH SARS-CRV-2
LPPXQH HYaVLRQ VWUaWHJ\ LQYROYHV UHVWULcWLQJ WKH LQWHUIHURQ (IFN) V\VWHP, UHVXOWLQJ LQ ORZ W\SH I
aQd II IFN UHVSRQVHV, aV ZHOO aV ORZ IFN-VWLPXOaWHd JHQHV (ISGV) dXULQJ WKH HaUO\ VWaJHV RI
COVID-19.15,16 TKH SARS-CRV-2 SURWHLQV UHVSRQVLbOH IRU WKLV LQcOXdH QRQ-VWUXcWXUaO SURWHLQ 1
(NSP1), NSP8, NSP9, NSP13, NSP15, ORF9b, aQd ORF6.17,18,19 TKLV SURYLdHV IRU SARS-CRV-2
WR HVWabOLVK LWVHOI LQ WKH bRd\ ZLWKRXW aV PXcK a WKUHaW IURP HaUO\ LPPXQH UHVSRQVH.

ComplemenW AcWiYaWion
TKH bRd\¶V PRVW LPPHdLaWH OLQH RI dHIHQVH, WKH cRPSOHPHQW V\VWHP, LV XVXaOO\ YLWaO IRU TXLcN
aQd HIIHcWLYH LPPXQH UHVSRQVH, bXW LQ cRURQaYLUXVHV Pa\ VRPHWLPHV caXVH PRUH KaUP WKaQ
JRRd. WKLOH cRPSOHPHQW acWLYaWLRQ dXULQJ WKH ILUVW ZHHN aIWHU LQIHcWLRQ caQ VXccHVVIXOO\ ILJKW
COVID-19, SURORQJHd cRPSOHPHQW acWLYaWLRQ caQ OHad WR a SRVLWLYH IHHdbacN ORRS LQ
LQIOaPPaWLRQ WKaW cRQWULbXWHV WR PXOWL-RUJaQ IaLOXUH LQ VHYHUH caVHV RI COVID-19.20 IQ PRXVH
VWXdLHV RI WKH cORVHO\ UHOaWHd SARS-CRV, LW ZaV IRXQd WKaW SURdXcWV RI C3 acWLYaWLRQ VXcK aV
C3a, C3b, aQd LC3b ZHUH dHWHcWabOH LQ WKH OXQJV a VLQJOH da\ aIWHU LQIHcWLRQ, aQd WKaW C3-/- PLcH
Kad OHVV VHYHUH OXQJ LQMXU\, Kad IHZHU QHXWURSKLOV aQd LQIOaPPaWRU\ PRQRc\WHV, aQd Kad UHdXcHd
c\WRNLQH aQd cKHPRNLQH OHYHOV. AddLWLRQaOO\, C3-/-, IacWRU B-/-, aQd C4-/- PLcH ORVW OHVV ZHLJKW RYHU
WKH cRXUVH RI LQIHcWLRQ WKaQ ZLOd W\SH PLcH.21 FXUWKHUPRUH, H[SHULPHQWV bORcNLQJ C3 RU C5 KaYH
bHHQ IRXQd WR UHdXcH dLVHaVH VHYHULW\, UHVSLUaWRU\ LPSaLUPHQW, aQd c\WRNLQH UHVSRQVH.22

RHcHQWO\, LW KaV aOVR bHHQ UHSRUWHd WKaW SARS-CRV-2 QXcOHRSURWHLQ (N SURWHLQ) dLPHUV acWLYaWH
PaQQRVH-bLQdLQJ SURWHLQ-aVVRcLaWHd VHULQH SURWHaVH 2 (MASP-2), ZKLcK LV WKH PaLQ WULJJHU IRU
acWLYaWLRQ RI WKH OHcWLQ SaWKZa\ RI WKH cRPSOHPHQW V\VWHP. TKLV LQ WXUQ \LHOdV C3 cRQYHUWaVH aQd
WKH PHPbUaQH aWWacN cRPSOH[ (MAC).23 CRQYHUVHO\, VXSSUHVVLQJ HLWKHU WKH N SURWHLQ-MASP-2
LQWHUacWLRQ RU cRPSOHPHQW acWLYaWLRQ OHd WR OHVV OXQJ LQMXU\.23 SARS-CRV-2 WKXV VWLPXOaWHV WKH
cRPSOHPHQW V\VWHP, UHVXOWLQJ LQ H[WHQdHd cRPSOHPHQW acWLYaWLRQ aQd LQIOaPPaWLRQ.

TKHVH ILQdLQJV aUH IXUWKHU VXbVWaQWLaWHd. FRU H[aPSOH, SaWLHQWV ZLWK PacXOaU dHJHQHUaWLRQ, a
cRPSOHPHQW-PHdLaWHd dLVHaVH, ZHUH IRXQd WR KaYH a PXcK KLJKHU ULVN RI dHYHORSLQJ VHYHUH
COVID-19, VXJJHVWLQJ a SRVVLbOH cRQQHcWLRQ bHWZHHQ WKH LQcUHaVHd SUHVHQcH RI cRPSOHPHQW
SURWHLQV aQd ZRUVH COVID-19 RXWcRPH.24 AddLWLRQaOO\, SaWLHQWV ZLWK COVID-19 aUH IRXQd WR
KaYH UaLVHd OHYHOV RI cRPSOHPHQW SURWHLQV LQ WKHLU SOaVPa aQd cRPSOHPHQW IUaJPHQW dHSRVLWLRQ
LQ cHUWaLQ RUJaQV.25,26 TKH\ aUH aOVR IRXQd WR H[SHULHQcH QHXWURSKLOLa, WKH RYHU-abXQdaQcH RI
QHXWURSKLOV LQ WKH bORRd, WR WKH H[WHQW WKaW WKH QHXWURSKLO:OHXNRc\WH UaWLR KaV bHHQ VKRZQ WR bH aQ
LQdHSHQdHQW ULVN IacWRU IRU VHULRXV COVID-19.27,28 AcWLYaWHd QHXWURSKLOV aQd QHXWURSKLO
H[WUacHOOXOaU WUaSV (NETV) cRQWaLQ cRPSOHPHQW SURWHLQV QHcHVVaU\ IRU WKH aOWHUQaWLYH C3
cRQYHUWaVH, SURYLdLQJ \HW aQRWKHU Za\ IRU COVID-19 WR LQdXcH SURORQJHd cRPSOHPHQW
acWLYaWLRQ.20,29
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IFN and IL ReVponVe
SLPLOaU WR ZKaW KaV bHHQ VXJJHVWHd LQ WKH cRPSOHPHQW V\VWHP, WKH LQdXcHd LQQaWH LPPXQH
UHVSRQVH WR COVID-19 LV bRWK QHcHVVaU\ IRU HIIHcWLYH dLVHaVH VXSSUHVVLRQ, aV LQ RWKHU dLVHaVHV,
aQd caSabOH RI caXVLQJ VHYHUH daPaJH WR WKH KRVW. IQ WKHLU LQWHQdHd UROH, IFNV KHOS cOHaU
LQIHcWLRQ IURP WKH KRVW bRd\ b\ SURPRWLQJ WKH SURdXcWLRQ RI aQWLYLUaO cRPSRXQdV b\
WUaQVcULSWLRQ RI ISGV aQd c\WRNLQHV. HRZHYHU, LQ VHYHUH COVID-19, SRVLWLYH IHHdbacN ORRSV LQ
c\WRNLQHV aQd IFNV caQ OHad WR c\WRNLQH VWRUP²WKH d\VUHJXOaWHd UHOHaVH RI c\WRNLQHV²OHadLQJ
WR K\SHULQIOaPPaWLRQ, PXOWLRUJaQ IaLOXUH, aQd dHaWK.

USRQ dHWHcWLRQ b\ PRRV, LPPXQH cHOOV VXcK aV PacURSKaJHV (MQV), dHQdULWLc cHOOV (DCV), aQd
QaWXUaO NLOOHU cHOOV (NK cHOOV) UHOHaVH IFNV aQd SURLQIOaPPaWRU\ c\WRNLQHV LQcOXdLQJ IL-1�,
IL-6, TNF-𝛼, IL-12, aQd IFN-𝛄.30 TNF-𝛼 aQd IFN-𝛄 WRJHWKHU VWLPXOaWH PANRSWRVLV²aQ LQQaWH
LPPXQH SURJUaPPHd cHOO dHaWK SaWKZa\ VHSaUaWH IURP aSRSWRVLV, S\URSWRVLV (LQIOaPPaWRU\
SURJUaPPHd cHOO dHaWK), RU QHcURVLV (SURJUaPPHd cHOO dHaWK b\ QHcURVLV)²ZKLcK LQ WXUQ
VWLPXOaWHV IXUWKHU SURLQIOaPPaWRU\ c\WRNLQH UHOHaVH, UHVXOWLQJ LQ c\WRNLQH VWRUP (FLJXUH 1).31 TKH
SURORQJHd LQIOaPPaWLRQ aQd aVVRcLaWHd HQdRWKHOLaO cHOO daPaJH caQ HYHQWXaOO\ cRQWULbXWH WR
V\PSWRPV RI VHYHUH COVID-19 VXcK aV OXQJ daPaJH, acXWH UHVSLUaWRU\ dLVWUHVV V\QdURPH
(ARDS), RUJaQ IaLOXUH, RU HYHQ dHaWK.32 TKLV SaWKZa\ LV HVSHcLaOO\ VHHQ LQ WKH VHcRQd ZHHN aIWHU
dLVHaVH RQVHW, IROORZLQJ WKH dHcOLQH LQ IFN VHHQ LQ WKH HaUOLHVW SKaVH RI dLVHaVH. RHJXOaWLRQ RI WKH
IFN V\VWHP LV WKHQ RI JUHaW LPSRUWaQcH WR COVID-19 RXWcRPHV, VHHLQJ aV KRZ XQdHU acWLYaWLRQ
LQ WKH HaUO\ VWaJHV aOORZV SARS-CRV-2 LQWR WKH bRd\ ZLWKRXW dHWHcWLRQ, aQd RYHUacWLYaWLRQ LQ
OaWHU VWaJHV UHVXOWV LQ VHULRXV daPaJH WR WKH KRVW.

FLJXUH 1. InflammaWoU\ c\WokineV aUe pUeVenW in boWh c\Wokine VWoUm and pUocoagXlanW feedback
loopV.
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TKHVH LQIOaPPaWRU\ UHVSRQVHV caQ caXVH IXUWKHU daPaJH b\ cRQWULbXWLQJ WR
WKURPbRLQIOaPPaWLRQ, a cRaJXOaWRU\ UHVSRQVH WR V\VWHPLc LQIOaPPaWLRQ WKURXJK WKURPbLQ
JHQHUaWLRQ. OQ LQIHcWLRQ, PRQRc\WHV aQd VXbHQdRWKHOLaO cHOOV UHOHaVH IacWRU VIIa aQd IacWRU Xa.
LHXNRc\WHV, HQdRWKHOLaO cHOOV, aQd SOaWHOHWV UHOHaVH SURLQIOaPPaWRU\ c\WRNLQHV aQd SURcRaJXOaQW
PLcURSaUWLcOHV, SURPRWLQJ LQcUHaVHd OHXNRc\WH adKHVLRQ aQd dHcUHaVHd YaVcXOR-SURWHcWLYH
PROHcXOHV. TKHVH UHVXOW LQ NETRVLV, WKH acWLYaWLRQ aQd UHOHaVH RI QHXWURSKLO H[WUacHOOXOaU WUaSV
(NETV), ZKLcK UHcUXLW \HW PRUH LQIOaPPaWRU\ OHXNRc\WHV aQd c\WRNLQHV (FLJXUH 1). EYHQWXaOO\
WKLV caQ OHad WR a ORVV RI KRPHRVWaVLV aQd daPaJHd PLcURYaVcXOaWXUH, caOOHd dLVVHPLQaWHd
LQWUaYaVcXOaU cRaJXOaWLRQ (DIC).33 TKXV, VHYHUaO SRVLWLYH IHHdbacN ORRSV HQcRXUaJH WKH UHOHaVH RI
SURLQIOaPPaWRU\ c\WRNLQHV aQd caQ UHVXOW LQ VHULRXV daPaJH WR WKH KRVW.

AGDSWLYH IPPXQH RHVSRQVH DXULQJ CRYLG

AdapWiYe ImmXne ReVponVe Time Wo COVID-19
TKH adaSWLYH LPPXQH UHVSRQVH WaNHV aW OHaVW ILYH da\V WR WaNH HIIHcW.7 FRU COVID-19 LW ZaV
IRXQd WKaW aQWLbRdLHV aUH dHWHcWabOH aSSUR[LPaWHO\ VL[ da\V aIWHU RT-PCR dHWHcWLRQ RI YLUaO
LQIHcWLRQ.34 TKH PLOdHU caVHV RI COVID-19 JHQHUaOO\ KaYH ORQJHU UHVSRQVH WLPHV IRU VKRZLQJ
dHWHcWabOH OHYHOV RI aQWLbRdLHV, ZLWK VRPH bHLQJ XS WR 28 da\V SRVW RT-PCR cRQILUPaWLRQ RI YLUaO
LQIHcWLRQ.34 TKH dHadO\ c\WRNLQH VWRUP WKaW VRPH VHYHUH caVHV RI COVID-19 SaWLHQWV Kad ZaV
JHQHUaOO\ WULJJHUHd abRXW RQH ZHHN SRVW LQIHcWLRQ.34 FLQaOO\, LW ZaV IRXQd WKaW aQWLbRdLHV OaVW
ORQJHU LQ SaWLHQWV ZKR Kad VHYHUH caVHV RI COVID-19, JHQHUaOO\ OaVWLQJ aW OHaVW VL[ PRQWKV,
ZKLOH PRUH PLOd caVHV Kad aQWLbRd\ OHYHOV WKaW IadHd b\ 2-4 PRQWKV SRVW YLUaO cOHaUaQcH.34

AnWibodieV foU COVID-19
AQWLbRd\ UHVSRQVHV WR COVID-19 aUH HVVHQWLaO IRU YLUaO cOHaUaQcH. AQWLbRd\ PaWXUaWLRQ
LQcUHaVHV WKH bRd\¶V abLOLW\ WR dHIHQd aJaLQVW SARS-CRV-2 LQIHcWLRQV.35,36,37 WKHQ WHVWHd VHYHUaO
PRQWKV aIWHU LQIHcWLRQ, VHUa ZaV dLVcRYHUHd WR KaYH ORZ aQWLbRd\ OHYHOV VSHcLILc IRU VLQJOH
YaULaQWV RI SARS-CRV-2, bXW KLJK OHYHOV RI aQWLbRdLHV caSabOH RI UHcRJQL]LQJ WKH cRPPRQ
HSLWRSH RI VHYHUaO YaULaQWV.35 AddLWLRQaOO\, HYHQ PRUH aQWLbRd\ YaULaQcH ZaV SURPSWHd b\
UHSHaWHd H[SRVXUH WR VOLJKWO\ dLIIHUHQW YaULaQWV RI WKH cRURQaYLUXV.35

AQRWKHU VWXd\ XVLQJ SOaVPa WaNHQ IURP 1-10 PRQWKV SRVW SARS-CRV-2 LQIHcWLRQ VKRZHd WKaW
LQLWLaOO\ WKH aQWLbRdLHV RQO\ SURWHcWHd ZHOO aJaLQVW WKH RULJLQaO YaULaQW WKaW WKH SaWLHQW ZaV
LQIHcWHd ZLWK, bXW SOaVPa WaNHQ IXUWKHU IURP LQLWLaO LQIHcWLRQ VKRZHd KLJKHU SURWHcWLRQ aJaLQVW
YaULaQWV RI cRQcHUQ (VOCV). TKLV LQdLcaWHV WKaW aOWKRXJK WKH WRWaO aPRXQW RI aQWLbRd\ LQ VHUa
Pa\ bH dHcOLQLQJ, WKH SURWHcWLRQ RIIHUHd aJaLQVW dLIIHUHQW YaULaQWV RI SARS-CRV-2 LQIHcWLRQ Pa\
QRW bH dHcOLQLQJ PXcK, LI aW aOO.37

HRZHYHU, aQRWKHU VWXd\ VKRZHd WKaW SURWHcWLRQ RIIHUHd IURP YaccLQHV aJaLQVW dLIIHUHQW YaULaQWV
RI SARS-CRV-2 ZaV QRW JXaUaQWHHd.38 TKLV VWXd\ IRXQd WKaW a UHOaWLYHO\ VPaOO QXPbHU RI
PXWaWLRQV cRXOd OHad WR aQ HVcaSH IURP LPPXQH QHXWUaOL]aWLRQ. HRZHYHU, LW LV LPSRUWaQW WR NHHS

55 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



LQ PLQd WKaW WKLV VWXd\ ZaV SHUIRUPHd RQO\ a IHZ ZHHNV aIWHU YaccLQaWLRQ, QRW JLYLQJ WKH
aQWLbRdLHV aV PXcK WLPH WR PaWXUH. AddLWLRQaOO\, QRW aOO SaUWLcLSaQWV UHcHLYHd WKH IXOO VcKHdXOH RI
YaccLQH dRVHV WKaW LV UHcRPPHQdHd, aQd RQO\ KaOI RI WKH VOCV WHVWHd ZHUH HYHQ abOH WR SaUWLaOO\
HVcaSH QHXWUaOL]aWLRQ IURP WKH YaccLQH LQdXcHd KXPRUaO LPPXQLW\.38 TabOH 1 VXPPaUL]HV WKH
UHVXOWV RI VHYHUaO VWXdLHV ZKLcK cRQcOXdHd WKaW WKH SURWHcWLRQ aJaLQVW YaULaQWV RI cRQcHUQ
IROORZLQJ LQIHcWLRQ ZLWK SARS-CRV-2 LV LQcUHaVHd LQ WKH PRQWKV IROORZLQJ LQIHcWLRQ aV
aQWLbRdLHV PaWXUH, aQd aQWLbRdLHV WKaW WaUJHW PRUH bURad HSLWRSHV IRXQd RQ cRURQaYLUXVHV KaYH
IaYRUHd SURSaJaWLRQ RYHU VSHcLILc HSLWRSH bLQdLQJ aQWLbRdLHV.

7DEOH 1. PURWHcWLRQ AJaLQVW VaULaQWV RI CRQcHUQ (VOCV) RI SARS-CRV-2.

FLQaOO\, RQH PRUH KRSHIXO VWXd\ VKRZHd WKaW IROORZLQJ UHcHLSW RI a WKLUd dRVH RI WKH BNT162b2
PRNA COVID-19 YaccLQH, WKH OLNHOLKRRd RI a VHYHUH RXWcRPH IURP aQ\ RI WKH YaULaQWV RI
COVID-19 ZaV KLJKO\ UHdXcHd.39

CD8+ & CD4+ T-Cell ReVponVe foU COVID-19
OQH VWXd\ H[aPLQHd WKH HIIHcW SULRU COVID-19 LQIHcWLRQ KaV RQ CD4+ aQd CD8+ T-CHOO
UHVSRQVHV WR COVID-19 YaccLQaWLRQ.40 RHJaUdOHVV RI LQIHcWLRQ VWaWXV, XSRQ YaccLQaWLRQ, CD4+

T-CHOOV LPPHdLaWHO\ URVH WR KLJKHU OHYHOV. HRZHYHU, WKH c\WRWR[Lc T-cHOOV RQO\ URVH WR KLJK OHYHOV
aIWHU a VLQJOH dRVH IRU LQdLYLdXaOV WKaW aOUHad\ Kad a SARS-CRV-2 LQIHcWLRQ, ZKLOH WKRVH ZKR
ZHUH QaLYH RQO\ Kad a bRRVW LQ c\WRWR[Lc T-CHOOV IROORZLQJ a VHcRQd dRVH VHYHUaO ZHHNV aIWHU WKH
LQLWLaO YaccLQaWLRQ.40 TKLV SURYLdHV HYLdHQcH RI VWURQJ PHPRU\ T-cHOOV aQd SURORQJHd LPPXQLW\
HYHQ IROORZLQJ WKH ORVV RI VHUXP aQWLbRdLHV IRU COVID-19.41

TKH LPSRUWaQcH RI PHPRU\ B aQd T cHOOV LQ SURORQJHd LPPXQLW\ WR COVID ZaV IXUWKHU VKRZQ
LQ a VWXd\ b\ CR[ HW aO.42 TKHUH, LW ZaV VKRZQ WKaW, aOWKRXJK aQWLbRdLHV SURdXcHd LQ UHVSRQVH WR
PLOd COVID-19 LQIHcWLRQ RQO\ KaYH a 21-da\ KaOI-OLIH, WKH PHPRU\ T aQd B cHOOV IRUPHd
PaLQWaLQ WKHLU SURWHcWLYH caSabLOLWLHV IURP VLPLOaU VWUaLQV RI SARS-CRV-2 IRU PXcK ORQJHU.
RHVHaUcK IURP VLPLOaU KXPaQ cRURQaYLUXVHV KaV VKRZQ WKaW PHPRU\ T aQd B cHOO UHVSRQVHV OaVW
IRU VHYHUaO \HaUV aIWHU LQIHcWLRQ, aQd WKaW PHPRU\ T cHOOV aUH HVVHQWLaO LQ WKH TXLcN UHVSRQVH RI B
cHOOV LQ aQWLbRd\ PaNLQJ aQd LQ WKH IRUPaWLRQ RI c\WRWR[Lc T cHOOV.42
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NaWXUal KilleU CellV¶ ReVponVe Wo COVID-19
NK cHOOV SOa\ a NH\ UROH LQ WKH LPPXQH UHVSRQVH WR COVID-19. NaWXUaO NLOOHU cHOOV ZRUN WR
aWWacN aQd O\VH LQIHcWHd bRd\ cHOOV cRQWaLQLQJ COVID-19 YLUaO RNA aQd WKHUHb\ aOORZ WKH
aQWLJHQV LQWR WKH bORRdVWUHaP WR bH dHWHcWHd b\ RWKHU SaUWV RI WKH adaSWLYH LPPXQH V\VWHP. TKLV
IRUPV a WaUJHWHd UHVSRQVH WR WKH COVID-19 YLUaO RNA, VSLNH SURWHLQ, aQd RWKHU aQWLJHQV. IQ a
UHcHQW VWXd\, WKH LPPXQH cHOO cRXQW WKaW cRUUHOaWHd WKH PRVW ZLWK VXUYLYaO UaWH aQd OHaVW ZLWK
VHYHULW\ RI dLVHaVH ZaV WKH NK cHOO cRXQW.43

IPPXQH COHDUDQFH RI CO9ID-19

ImmXne CellV ThUoXgh InfecWion

TKH HIILcLHQc\ RI YLUaO cOHaUaQcH IRU COVID-19 LV VLJQLILcaQWO\ aIIHcWHd b\ CD4+ aQd CD8+ T
cHOOV. VLUXV-VSHcLILc CD8+ T cHOOV KaYH bHHQ aVVRcLaWHd ZLWK bHWWHU RXWcRPHV LQ COVID-19
LQIHcWLRQV, aV WKH\ NLOO LQIHcWHd cHOOV ZLWK WKHLU c\WRWR[LQV. CD8+ T cHOOV aUH cUXcLaO IRU cOHaUaQcH
RI PaQ\ YLUaO LQIHcWLRQV.44 COVID-19 YLUXV cOHaUaQcH UHTXLUHV bRWK adaSWLYH aQd LQQaWH LPPXQH
UHVSRQVHV, bXW LQ LQQaWH LPPXQLW\, PacURSKaJHV caQ cRQWULbXWH WR dLVHaVH SURJUHVVLRQ. A
VLJQLILcaQW aPRXQW RI WKH c\WRWR[LQ IL-6 LV SURdXcHd b\ PacURSKaJHV dXULQJ COVID-19,
VXJJHVWLQJ WKH\ Pa\ cRQWULbXWH WR H[cHVVLYH LQIOaPPaWLRQ.45 TKH LQQaWH LPPXQH V\VWHP
dRPLQaWHV WKH HaUO\ LPPXQH UHVSRQVHV WR YLUXVHV. WLWKLQ WKLV HaUO\ UHVSRQVH, PaQ\ OHXNRc\WHV
aUH VHcUHWHd LQcOXdLQJ QHXWURSKLOV, PRQRc\WHV, SOaVPac\WRLd dHQdULWLc cHOOV (SDCV), aQd QaWXUaO
NLOOHU (NK) cHOOV. OQcH aQ adaSWLYH LPPXQH UHVSRQVH LV WULJJHUHd, T aQd B cHOOV bHcRPH cULWLcaO
IRU YLUaO cOHaUaQcH ZKLcK dHYHORSV RYHU da\V WR ZHHNV.46

APRQJ WKH IacWRUV WKaW Pa\ LPSHdH YLUaO cOHaUaQcH RI COVID-19 aUH dHcUHaVHV LQ WKH QXPbHU RI
cLUcXOaWLQJ NK cHOOV, TK1 CD4+ T cHOOV, SDCV, SKaJRc\WLc QHXWURSKLOV aQd PRQRc\WHV, aV ZHOO aV
WKH LPPXQRPRdXOaWRU\ SURSHUWLHV RI SURJHVWHURQH, ZKLcK LV HOHYaWHd LQ SUHJQaQc\. FacWRUV WKaW
Pa\ H[acHUbaWH COVID-19 PRUbLdLW\ WKURXJK K\SHULQIOaPPaWRU\ VWaWHV LQcOXdH LQcUHaVHV LQ WKH
cRPSOHPHQW V\VWHP, LQcUHaVHV LQ TLR-1 aQd TLR-7, aQd LQcUHaVHd SUR-LQIOaPPaWRU\ c\WRNLQHV
VXcK aV IL-6 aQd TNFĮ. IQcUHaVHV LQ cRPSOHPHQW V\VWHP acWLYLW\ aUH OLQNHd WR JUHaWHU OXQJ
LQMXU\.47 IW KaV bHHQ ZHOO VWXdLHd WKaW dXULQJ YLUaO LQIHcWLRQV, a dHcUHaVH LQ TK1 UHacWLYLW\ caQ
UHVXOW LQ OHVV HIILcLHQW cOHaUaQcH RI LQIHcWHd cHOOV. HRZHYHU, aQ RYHUW TK1 aQd TK2 UHVSRQVH WR
COVID-19 KaV bHHQ LPSOLcaWHd LQ WKH SaWKRJHQHVLV RI VHYHUH COVID-19.48

EaUl\ InfecWion YV. LaWe InfecWion
AQRWKHU IacWRU WKaW UHPaLQV XQcOHaU LQ YLUaO cOHaUaQcH RI COVID-19 LV ACE2. ACE2 LV a NH\
cRPSRQHQW RI WKH UHQLQ-aQJLRWHQVLQ V\VWHP, ZKLcK cOHaYHV aQJLRWHQVLQ II WR JHQHUaWH aQJ1-7.
IQcUHaVHV LQ YaVcXOaU SHUPHabLOLW\ aQd LPPXQH cHOO LQILOWUaWLRQ LV aVVRcLaWHd ZLWK OXQJ HdHPa dXH
WR aQJLRWHQVLQ II accXPXOaWLRQ LQ WKH OXQJV, aQd WKH UHdXcWLRQ RI ACE2 H[SUHVVLRQ KaV
cRQWULbXWHd WR acXWH OXQJ IaLOXUH WKURXJK PRdXOaWLRQ RI WKH UHQLQ-aQJLRWHQVLQ V\VWHP.49 IW KaV
bHHQ UHSRUWHd WKaW WKH H[SUHVVLRQ OHYHOV RI ACE2 SOa\Hd aQ LPSRUWaQW UROH LQ dHWHUPLQLQJ WKH

57 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



RXWcRPHV RI COVID-19 LQIHcWLRQV. DXULQJ WKH HaUO\ VWaJH, ORZHU OHYHOV RI ACE2 LQ WKH OXQJ LV
bHQHILcLaO IRU WKH KRVW WR cRQWURO YLUaO WUaQVPLVVLRQ aQd UHSOLcaWLRQ. HRZHYHU, LW LV SRVVLbOH WKaW LI
QRW HQRXJK ACE2 LV SUHVHQW IRU a SURORQJHd SHULRd, WKH UHVXOWLQJ OacN RI ACE2 cRXOd caXVH
aQJLRWHQVLQ II WR bH cRQYHUWHd OHVV HIIHcWLYHO\ WR aQJ1-7. CRQVHTXHQWO\, WKH accXPXOaWHd
aQJLRWHQVLQ II PLJKW caXVH LQcUHaVHd LPPXQH acWLYLW\ aQd HYHQWXaOO\ OXQJ dLVHaVH.49

IQ RUdHU WR cOHaU aQ LQIHcWLRQ HIIHcWLYHO\, SaWLHQWV PXVW SRVVHVV CD8+ HIIHcWRU T cHOOV WKaW caQ NLOO
YLUaOO\ LQIHcWHd cHOOV, aV ZHOO aV CD4+ T cHOOV WKaW caQ HQKaQcH WKH CD8+ aQd B cHOO UHVSRQVHV.
HRZHYHU, c\WRNLQH UHOHaVH b\ T cHOOV caQ aOVR cRQWULbXWH WR VHYHUH WLVVXH LQIOaPPaWLRQ aQd
WR[LcLW\, UHVXOWLQJ LQ PRUWaOLW\.50 WKLOH c\WRNLQHV aUH cULWLcaO IRU WKH LQQaWH LPPXQH UHVSRQVH aQd
VXccHVVIXO cOHaUaQcH RI YLUaO LQIHcWLRQV, WKHLU UHOHaVH PXVW bH cRQWUROOHd WR SUHYHQW V\VWHPLc
c\WRNLQH VWRUP aQd KaUPIXO LQIOaPPaWLRQ dXULQJ COVID-19 LQIHcWLRQ.51 TKHUHIRUH, LPPXQH
cKHcNSRLQWV aUH VLJQLILcaQW bHcaXVH WKH\ KHOS UHJXOaWH HIIHcWRU T cHOO UHVSRQVHV. II VKRUW WHUP
YLUaO cOHaUaQcH LV acKLHYHd, WKH PaMRULW\ RI YLUXV-VSHcLILc T cHOOV XQdHUJR aSRSWRVLV, bXW IRU ORQJ
WHUP YLUaO cOHaUaQcH, WKH UHWHQWLRQ RI WKH YLUXV-VSHcLILc PHPRU\ T cHOO SRSXOaWLRQ LV QHcHVVaU\.50

FacWoUV NeceVVaU\ foU ViUal CleaUance
IW KaV bHHQ VKRZQ WKaW KXPRUaO LPPXQLW\ LV QRW YLWaO LQ cOHaULQJ acXWH COVID-19 LI WKHUH aUH
VXIILcLHQW aPRXQWV RI CD8+ T cHOOV, aQd WKaW WKH PaMRU UROH RI CD4+ T cHOOV LQ WKH cOHaUaQcH RI
COVID-19 LV WR LQVWUXcW KXPRUaO LPPXQLW\ ZLWK a PXcK OLJKWHU UROH LQ aPSOLI\LQJ cHOOXOaU
LPPXQLW\.52 IQ VWXdLHV ZLWK B cHOO-dHILcLHQW PLcH, aQWLbRdLHV aORQH ZHUH VXccHVVIXO LQ cOHaULQJ
COVID-19, aObHLW VORZHU WKaQ ZKHQ SaLUHd ZLWK a IXOO\ cRPSHWHQW adaSWLYH LPPXQH UHVSRQVH.
HRZHYHU, YLUaO cOHaUaQcH ZaV LPSRVVLbOH LI QHLWKHU CD4+ QRU CD8+ T cHOOV ZHUH SUHVHQW. IQ OLQH
ZLWK WKHVH ILQdLQJV, aQWLJHQ-VSHcLILc CD4+ T cHOO SURILOLQJ RI acXWH aQd cRQYaOHVcHQW COVID-19
SaWLHQWV LQdLcaWHd WKaW cLUcXOaWLQJ T IROOLcXOaU KHOSHU cHOOV SOa\ a UROH LQ UHdXcHd dLVHaVH VHYHULW\,
IXUWKHU SURYLQJ WKaW aQWLbRd\ SURPRWLRQ RI CD4+ cOHaUaQcH LV LPSRUWaQW.52 MRUHRYHU, VWXdLHV RQ
COVID-19 SaWLHQWV VKRZHd WKaW aQWLJHQ-VSHcLILc CD4+ T cHOOV cRXOd bH dHWHcWHd aV HaUO\ aV 2 WR
4 da\V IROORZLQJ V\PSWRP RQVHW, aQd WKLV HaUO\ dHWHcWLRQ ZaV aVVRcLaWHd ZLWK LPSURYHd
RXWcRPHV. IW aSSHaUV WKaW bRWK KXPRUaO aQd cHOOXOaU LPPXQLW\ cRQWULbXWH WR COVID-19 cOHaUaQcH
dXULQJ SULPaU\ LQIHcWLRQ, ZKLcK LV LQ aJUHHPHQW ZLWK SaWLHQW VWXdLHV VKRZLQJ a cRQQHcWLRQ
bHWZHHQ cOLQLcaO RXWcRPHV aQd a URbXVW cRRUdLQaWHd adaSWLYH UHVSRQVH LQ ZKLcK CD4+ T cHOOV,
CD8+ T cHOOV, aQd aQWLbRdLHV aUH RIWHQ UHTXLUHd.52

IQdLYLdXaOV ZLWK PRdHUaWH COVID-19 VKRZHd HYLdHQcH RI SURdXcWLYH LQQaWH aQd adaSWLYH
LPPXQLW\, cKaUacWHUL]Hd b\ HaUO\ WUaQVLHQW LQcUHaVHV LQ PRQRc\WHV aQd NK cHOOV, IROORZHd b\
VXVWaLQHd LQcUHaVHV LQ PHPRU\ T aQd B cHOOV. IQdLYLdXaOV ZLWK VHYHUH dLVHaVH KaYH H[KLbLWHd
V\PSWRPV VXJJHVWLYH RI aQ LPPXQH UHVSRQVH d\VUHJXOaWHd b\ dHOa\Hd aQd SURORQJHd LQcUHaVHV
LQ TIK cHOOV, HLA-DROR PRQRc\WHV, aQd acWLYaWHd CD8+ T cHOOV.46

AdHTXaWH T cHOO KRPHRVWaVLV LV UHTXLUHd IRU VXccHVVIXO YLUaO cOHaUaQcH aQd cOLQLcaO
LPSURYHPHQW.50 CKURQLc YLUaO LQIHcWLRQV KaYH bHHQ cOHaUHd ZLWK WKH XVH RI WUHaWPHQWV aLPHd aW
UHdXcLQJ T cHOO H[KaXVWLRQ RU dHaWK. SWXdLHV KaYH VKRZQ WKaW bRWK IL-7, ZKLcK LQcUHaVHV T cHOO
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VHOI-UHQHZaO, aQd bORcNLQJ RI WKH LQKLbLWRU\ LPPXQRUHcHSWRU-PHdLaWHd LQWHUacWLRQ WKaW
VXSSUHVVHV T cHOO SUROLIHUaWLRQ, VXcK aV PD-1/PD-L1, caQ SURPRWH aQWLYLUaO LPPXQLW\.50 CD4+ T
cHOOV VSHcLILc WR COVID-19 ZHUH UaSLdO\ LQdXcHd LQ SaWLHQWV ZLWK acXWH COVID-19 aQd UHVXOWHd
LQ accHOHUaWHd YLUaO cOHaUaQcH.53

TKH UROH RI OHXNRPRQRc\WHV LQ COVID-19 YLUaO cOHaUaQcH LV QRW \HW cOHaUO\ dHILQHd, aOWKRXJK
SUHYLRXV VWXdLHV KaYH SRLQWHd RXW WKaW VXbRSWLPaO T cHOO aQd B cHOO UHVSRQVHV caQ VORZ dRZQ
YLUaO cOHaUaQcH LQ SaWLHQWV LQIHcWHd ZLWK MERS-CRV aQd SARS-CRV. L\PSKRSHQLa ZaV
cRPPRQ LQ 25 COVID-19 SaWLHQWV, bXW aIWHU 2 ZHHNV, WKH SaWLHQWV WKaW cOHaUHd WKHLU LQIHcWLRQV
SUHVHQWHd UHVWRUHd QXPbHUV RI CD3+, CD4+, CD8+ T cHOOV aQd B cHOOV. TKH UHcRYHUHd SaWLHQWV Kad
a KLJKHU cRXQW RI OHXNRPRQRc\WHV.54

IQ addLWLRQ WR T cHOO KRPHRVWaVLV, WKH c\WRO\WLc HIIHcWV RI NK cHOO IXQcWLRQ SOa\ aQ LPSRUWaQW UROH
LQ COVID-19 cOHaUaQcH. NK cHOOV WKaW H[SUHVVHd UHcHSWRU DNAM1 KaYH bHHQ OLQNHd WR PRUH
UaSLd UHcRYHU\.55 AV NK cHOOV SOa\ a NH\ UROH LQ WKH LQQaWH LPPXQH V\VWHP¶V YLUaO cOHaUaQcH, a
dHcUHaVH LQ WKHLU SRSXOaWLRQV Pa\ OHad WR a UHdXcWLRQ LQ COVID-19 YLUaO cOHaUaQcH.54

FXWXUe ReVeaUch
AV VKRZQ LQ QXPHURXV VWXdLHV, WKH UROH RI T cHOO SHUIRUPaQcH LQ COVID-19 LV cUXcLaO WR YLUaO
cOHaUaQcH. TUaQVIXVLRQV RI CD4+ aQd CD8+ T cHOOV Pa\ SURYH YHU\ UHZaUdLQJ LQ cOHaULQJ
COVID-19. AddLWLRQaOO\, TK1 OHYHOV aUH LPSRUWaQW WR UHJXOaWH LQ a cOLQLcaO VHWWLQJ bHcaXVH WRR
KLJK RU WRR ORZ OHYHOV RI TK1 Pa\ cRQWULbXWH WR COVID-19 SaWKRJHQHVLV. TR dHcUHaVH PRUbLdLW\
dXH WR K\SHULQIOaPPaWRU\ VWaWHV IURP LQcUHaVHd H[SUHVVLRQ RI TLR-1, TLR-7, aQd LQcUHaVHd
SUR-LQIOaPPaWRU\ c\WRNLQHV VXcK aV IL-6 aQd TNFĮ, WKHVH IacWRUV Pa\ QHHd PRQLWRULQJ aQd HYHQ
SaUWLaO LQKLbLWLRQ. MaQ\ IacWRUV RI COVID-19 UHPaLQ XQcOHaU aQd IXUWKHU VWXdLHV LQWR VSHcLILc
LPPXQH UHVSRQVHV ZRXOd bH KHOSIXO LQ ILQdLQJ HIIHcWLYH WUHaWPHQWV IRU YLUaO cOHaUaQcH.

PRVW-AFXWH SHTXHODH RI CO9ID-19
SKRUWO\ aIWHU WKH bHJLQQLQJ RI WKH COVID-19 SaQdHPLc, a SKHQRPHQRQ NQRZQ aV
³ORQJ-COVID,´ RU PRVW-AcXWH SHTXHOaH RI COVID-19 (PASC), aSSHaUHd WR PHdLcaO
SURIHVVLRQaOV.56 OQ aYHUaJH, COVID-19 V\PSWRPV aUH UHVROYHd LQ 1-4 ZHHNV, PaNLQJ SaWLHQWV
ZLWK V\PSWRPV OaVWLQJ ORQJHU WKaQ 28 da\V caQdLdaWHV IRU PASC dLaJQRVLV. MaQ\ VWXdLHV KaYH
IRXQd WKaW a OaUJH QXPbHU RI COVID SaWLHQWV UHSRUW V\PSWRPV OaVWLQJ ORQJHU WKaQ 28 da\V.

OQH VWXd\ SHUIRUPHd LQ HaUO\ 2021 baVHd RXW RI WKH UQLYHUVLW\ RI WaVKLQJWRQ VXUYH\Hd 177
COVID-19 SRVLWLYH LQdLYLdXaOV bHWZHHQ 3 aQd 9 PRQWKV aIWHU V\PSWRP RQVHW.56 IW ZaV IRXQd WKaW
abRXW 30% RI RXWSaWLHQWV UHSRUWHd SHUVLVWHQW V\PSWRPV, cRUURbRUaWLQJ aQ HaUOLHU VWXd\ WKaW IRXQd
WKaW 36% RI RXWSaWLHQWV Kad QRW UHWXUQHd WR baVHOLQH KHaOWK b\ 14 WR 21 da\V aIWHU LQIHcWLRQ.57
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TKHVH HaUO\ VWXdLHV ZHUH OLPLWHd b\ VPaOO SRSXOaWLRQ VL]HV. A OaWHU LQWHUQaWLRQaO VWXd\ aQaO\]LQJ
VHOI-UHSRUWHd COVID-19 V\PSWRPV IURP 4,182 SaWLHQWV IRXQd WKaW 13.3% RI SaUWLcLSaQWV
UHSRUWHd V\PSWRPV OaVWLQJ 28 da\V RU ORQJHU; 4.5% UHSRUWHd V\PSWRPV OaVWLQJ ORQJHU WKaQ 56
da\V; aQd 2.6% UHSRUWHd V\PSWRPV ORQJHU WKaQ 84 da\V.58 TKH VaPH VWXd\ IRXQd WKaW PASC ZaV
cKaUacWHUL]Hd SULPaULO\ b\ V\PSWRPV LQcOXdLQJ IaWLJXH, KHadacKH, d\VSQHa, aQd aQRVPLa; aQd
WKaW HaUO\ dLVHaVH IHaWXUHV ZHUH JHQHUaOO\ SUHdLcWLYH RI WKH dXUaWLRQ RI V\PSWRPV.

OYHUaOO, WKHVH VWXdLHV VXSSRUW WKH bHOLHI WKaW PASC V\PSWRPV ZHUH OLQNHd VSHcLILcaOO\ WR SaVW
COVID-19 dLaJQRVHV. AOWKRXJK WKH\ dLVaJUHH VRPHZKaW abRXW WKH SURSRUWLRQ RI COVID-19
SaWLHQWV WKaW dHYHORS PASC V\PSWRPV, LW LV cOHaU WKaW WKH H[SHULHQcH RI ³ORQJ-COVID´ LV
SUHYaOHQW LQ aW OHaVW VRPH QRWabOH SHUcHQWaJH RI COVID-19 SaWLHQWV. SLQcH WKHQ, PaQ\ IXUWKHU
UHWURVSHcWLYH VWXdLHV KaYH bHHQ SXbOLVKHd WKaW KLJKOLJKW a KLJK LQcLdHQcH RI PASC V\PSWRPV LQ
abRXW RQH WKLUd RI COVID-19 SaWLHQWV (VHH TabOH 1).

7DEOH 2. SWXdLHV RHSRUWLQJ LRQJ-COVID DaWa aQd WKH PHUcHQW RI OXWSaWLHQWV ZLWK PHUVLVWLQJ
S\PSWRPV.

PoWenWial CaXVeV
TKH SUR[LPaO caXVH RI PASC LV XQNQRZQ aQd VWXdLHV dLVaJUHH abRXW WKH PRVW OLNHO\ WULJJHUV.
SRPH VWXdLHV VXJJHVW WKaW a c\WRNLQH VWRUP RI LQIOaPPaWRU\ c\WRNLQHV caXVHV WLVVXH daPaJH WR
PaMRU RUJaQV, caXVLQJ PASC V\PSWRPV. OQ WKH RWKHU KaQd, RQH VWXd\ dRQH RQ SaWLHQWV ZLWK
SQHXPRQLa VHcRQdaU\ WR COVID-19 LQIHcWLRQ VXJJHVWV WKaW SHUVLVWHQW V\PSWRPV Pa\ bH
aWWULbXWabOH WR ³bLRSV\cKRVRcLaO´ HIIHcWV RI COVID-19.62 SWLOO, PaQ\ VWXdLHV dLVSXWH WKH
SRVVLbLOLW\ WKaW PASC KaV a VLQJOH SUR[LPaO caXVH aQd LQVWHad aWWULbXWH WKH UaQJH RI PASC
V\PSWRPV WR a P\ULad RI dLIIHULQJ SaWKRORJLcaO WUaLWV RI WKH YLUXV.63
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The C\Wokine SWoUm and H\peUinflammaWion
TKH SKHQRPHQRQ RI WKH c\WRNLQH VWRUP, RU K\SHUc\WRNLQHPLa, LV QRW XQLTXH WR COVID-19
LQIHcWLRQV, aOWKRXJK LW LV a cRPPRQO\ cLWHd caXVH RI COVID-UHOaWHd PRUWaOLW\.64,65 IQ HVVHQcH,
K\SHUc\WRNLQHPLa LV cKaUacWHUL]Hd b\ WKUHH PaUNHUV:66

1. PHUSHWXaWHd acWLYaWLRQ RI O\PSKRc\WHV aQd PacURSKaJHV caXVLQJ LPPXQH d\VUHJXOaWLRQ
2. LaUJH VHcUHWLRQV RI c\WRNLQHV caXVHd b\ VXcK SHUSHWXaWHd acWLYaWLRQ
3. OYHUZKHOPLQJ V\VWHPLc LQIOaPPaWLRQ aQd PXOWL-RUJaQ IaLOXUH ZLWK KLJK PRUWaOLW\

EaUO\ LQ WKH SaQdHPLc, KLJK OHYHOV RI LQIOaPPaWRU\ c\WRNLQHV ZHUH RbVHUYHd LQ SaWLHQWV ZLWK
SRRU RXWcRPHV. EVSHcLaOO\ QRWHZRUWK\ LV WKH XSUHJXOaWLRQ RI IL-6, ZKLcK KaV bHHQ cRUUHOaWHd
ZLWK SRRU COVID-19 SURJQRVLV LQ a OaUJH VWXd\ RI 1,473 SaWLHQWV.67 IQ IacW, VHUXP cRQcHQWUaWLRQV
RI IL-6 abRYH a WKUHVKROd UaQJH IURP 35 WR 80 SJ/PL KaYH bHHQ cRUUHOaWHd ZLWK a VXbVWaQWLaOO\
KLJKHU OLNHOLKRRd RI PRUWaOLW\ (FLJXUH 2).68,69 ICU SaWLHQWV ZHUH aOVR IRXQd WR KaYH KLJKHU SOaVPa
cRQcHQWUaWLRQV RI WKH SURLQIOaPPaWRU\ c\WRNLQHV IL-2, IL-7, IL-10, GSCF, IP-10, MCP1,
MIP1A, aQd TNFĮ, cRPSaUHd WR QRQ-ICU SaWLHQWV.30 TKLV, cRXSOHd ZLWK a VSLNH LQ RWKHU
LQIOaPPaWRU\ PaUNHUV VXcK aV HQKaQcHd cRQcHQWUaWLRQV RI C-UHacWLYH SURWHLQ, KaYH OHd PaQ\
UHVHaUcKHUV WR cRQcOXdH WKaW COVID-19 PRUWaOLW\ LV VWURQJO\ cRUUHOaWHd ZLWK
K\SHULQIOaPPaWLRQ.70

FLJXUH 2. DiVpUopoUWionaWe XpUegXlaWion of IL-6 iV coUUelaWed ZiWh pooU paWienW oXWcomeV.

AddLWLRQaOO\, PaQ\ PASC V\PSWRPV aUH cRQVLVWHQW ZLWK LQIOaPPaWRU\ RUJaQ daPaJH. FRU
H[aPSOH, RQH VWXd\ b\ WKH CDC VXUYH\Hd PRUH WKaQ 900 KRVSLWaOV aQd IRXQd WKaW WKH ULVN RI
P\RcaUdLWLV IRU COVID-19 SaWLHQWV ZaV, RQ aYHUaJH, 15.7 WLPHV KLJKHU WKaQ IRU SaWLHQWV ZLWKRXW
COVID-19.71 AQRWKHU VWXd\ cRQdXcWHd LQ GHUPaQ\ RQ 100 LQdLYLdXaOV UHcRYHULQJ IURP
COVID-19 (PHdLaQ 71 da\V aIWHU dLaJQRVLV) IRXQd WKaW 71% RI WKHVH SaWLHQWV Kad HOHYaWHd OHYHOV
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RI WURSRQLQ LQ WKHLU KHaUW WLVVXH.72 TKH VaPH VWXd\ IRXQd WKaW 78% RI SaWLHQWV Kad abQRUPaO
UHVXOWV IURP caUdLRYaVcXOaU PaJQHWLc UHVRQaQcH LPaJLQJ.

IdHQWLI\LQJ K\SHUc\WRNLQHPLa aV WKH SUR[LPaWH caXVH RI PASC H[SOaLQV WKH P\ULad RI V\PSWRPV
aVVRcLaWHd ZLWK LRQJ-COVID. SLQcH c\WRNLQHV aUH SUHYaOHQW LQ cLUcXOaWLRQ, WKH\ aUH abOH WR
accHVV PaQ\ dLIIHUHQW RUJaQ V\VWHPV. AV a UHVXOW, a K\SHUc\WRNLQHPLa-UHOaWHd SURJQRVLV Pa\
UHVXOW LQ a YaULHW\ RI V\PSWRPV dHSHQdLQJ RQ WKH SaWLHQW'V RZQ SK\VLRORJ\. SXSSRUWLYH RI WKLV LV a
UHOaWLYHO\ UaUH cRPSOLcaWLRQ RI COVID-19 LQIHcWLRQ; PXOWLV\VWHP LQIOaPPaWRU\ V\QdURPH (MIS).
COVID-UHOaWHd MIS LV cKaUacWHUL]Hd b\ a c\WRNLQH VWRUP VHcRQdaU\ WR COVID-19 H[SRVXUH.73

M\algic Encephalom\eliWiV
A JURZLQJ bRd\ RI HYLdHQcH VXJJHVWV WKaW WKH SKHQRPHQRQ RI LRQJ-COVID Pa\ bH cORVHO\
UHOaWHd WR aQRWKHU cRQdLWLRQ; P\aOJLc HQcHSKaORP\HOLWLV (ME). AOVR NQRZQ aV cKURQLc IaWLJXH
V\QdURPH (CFS), ME LV a dHbLOLWaWLQJ LOOQHVV WKaW KaV bHHQ ZHOO dRcXPHQWHd WR aIIHcW PLOOLRQV
ZRUOdZLdH. EVSHcLaOO\ QRWHZRUWK\ LV WKH IacW WKaW YLUaO LQIHcWLRQV aUH RQH RI WKH OHadLQJ NQRZQ
caXVHV RI ME.74 AOWKRXJK WKH H[acW SaWKRORJ\ RI ME LV SRRUO\ XQdHUVWRRd, LW KaV bHHQ SURSRVHd
WKaW WKH PHcKaQLVP LQYROYHV PaQ\ dLIIHUHQW bRd\ V\VWHPV LQ UHVSRQVH WR WKH VWUHVV RI VHYHUH
LQIHcWLRQ.75 PaUWLcXOaUO\ ZHOO dRcXPHQWHd aUH WKH LQWHUOLQNHd HIIHcWV RQ WKH YaVcXOaU V\VWHP,
LQWHVWLQHV, HQdRcULQH a[HV, aQd WK\URLd KRUPRQH IXQcWLRQ (FLJXUH 3).

FLJXUH 3. VaVcXlaU and endocUine ³YicioXV c\cleV´ aVVociaWed ZiWh m\algic encephalom\eliWiV.

RHVHaUcK dRQH RQ WKHVH LQWHUOLQNaJHV KLJKOLJKW WKH UROH RI c\WRNLQHV aQd LQIOaPPaWLRQ LQ cUHaWLQJ
³YLcLRXV c\cOHV´ WKaW Pa\ H[SOaLQ WKH cKURQLc QaWXUH RI ME. FRU H[aPSOH, YaVcXOaU SHUPHabLOLW\
LV VXbMHcW WR aQ IL-6 PHdLaWHd SRVLWLYH IHHdbacN ORRS cKaUacWHULVWLc RI VHSWLc K\SRSHUIXVLRQ.76

SLPLOaUO\, SLWXLWaU\ acWLYLW\ LV VXSSUHVVHd b\ c\WRNLQH acWLYLW\. APRQJ RWKHU HIIHcWV, c\WRNLQHV
VXSSUHVV WKH SLWXLWaU\ UHOHaVH RI adUHQRcRUWLcRWURSLc KRUPRQH (ACTH).77 SLQcH ACTH VWLPXOaWHV
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adUHQaO IXQcWLRQ, SURORQJHd c\WRNLQH acWLYLW\ RQ WKH SLWXLWaU\ UHVXOWV LQ H[cHVVLYH LQIOaPPaWRU\
UHVSRQVHV.78

FXQdaPHQWaOO\, P\aOJLc HQcHSKaORP\HOLWLV LV a PXOWL-RUJaQ V\VWHP cRQdLWLRQ SHUSHWXaWHd b\
SRVLWLYH IHHdbacN ORRSV LQYROYLQJ c\WRNLQH-PHdLaWHd LQIOaPPaWRU\ UHacWLRQV. TKLV dHVcULSWLRQ
dUaZV cORVH SaUaOOHOV ZLWK SRVW-COVID MIS. TKH VLPLOaULWLHV RI PASC WR ME aUH VWULNLQJ, ZLWK a
VLJQLILcaQW RYHUOaS LQ V\PSWRPV LQcOXdLQJ OaVWLQJ IaWLJXH, XQUHIUHVKLQJ VOHHS, aQd bUaLQ IRJ.
FXUWKHU VWUHQJWKHQLQJ WKLV cRPSaULVRQ LV aQ RSHQ OHWWHU SXbOLVKHd LQ WKH BULWLVK MHdLcaO JRXUQaO
LQ AXJXVW 2021 KLJKOLJKWLQJ WKaW aSSUR[LPaWHO\ 25% RI COVID SaWLHQWV dHYHORSHd RQJRLQJ
V\PSWRPV WKaW PHHW WKH dLaJQRVWLc cULWHULa IRU ME.79

OWheU E[planaWionV
AQRWKHU K\SRWKHVLV LV WKaW K\SHUc\WRNLQHPLa caQQRW bH WKH dULYLQJ caXVH RI PASC VLQcH a
c\WRNLQH VWRUP Pa\ bH QHcHVVaU\ IRU YLUaO cOHaUaQcH. TKLV LV VXbVWaQWLaWHd b\ WKH IacW WKaW IL-6
OHYHOV aUH ORZHU LQ COVID SaWLHQWV WKaQ LQ RWKHU LQIOaPPaWRU\ cRQdLWLRQV OLNH acXWH UHVSLUaWRU\
dLVWUHVV V\QdURPH RU bacWHULaO VHSVLV.80 AddLWLRQaOO\, K\SHUc\WRNLQHPLa²aV LQdLcaWHd b\ HOHYaWHd
OHYHOV RI IFN-𝛄, IL-6, IL-1, aQd TNF-𝛼²LV a dRcXPHQWHd V\PSWRP RI RWKHU YLUaO cRQdLWLRQV,
LQcOXdLQJ H1N1 LQIOXHQ]a.81 IQ IacW, WKH H1N1 c\WRNLQH VWRUP ZaV aVVRcLaWHd ZLWK LQIOaPPaWRU\
SXOPRQaU\ cRPSURPLVH aQd PRUWaOLW\, VLPLOaU WR COVID-19 SaWKRORJ\.81 TKH NH\ dLIIHUHQcH LV
WKaW UHcRYHUHd H1N1 SaWLHQWV UHSRUWHd SHUVLVWLQJ V\PSWRPV LQIUHTXHQWO\ cRPSaUHd ZLWK WKaW RI
UHcRYHUHd COVID-19 SaWLHQWV.82

AQRWKHU K\SRWKHVLV dLVSXWHV WKH dHVLJQaWLRQ RI PASC aV a cRQdLWLRQ aW aOO. OQH aUWLcOH aWWULbXWHd
WKH SKHQRPHQRQ RI LRQJ-COVID WR WKH ³bLRSV\cKRVRcLaO´ HIIHcWV RI COVID-19.62 TKLV VWXd\
IRXQd WKaW aOWKRXJK 86% RI 134 COVID-19 SQHXPRQLa SaWLHQWV dLVcKaUJHd IURP WKH KRVSLWaO
UHSRUWHd UHVLdXaO V\PSWRPV RQ IROORZ XS, QRQH RI WKHVH SaWLHQWV Kad dHWHcWabOH UadLRJUaSKLc
abQRUPaOLWLHV aW WKaW WLPH. EVVHQWLaOO\, WKHVH UHVHaUcKHUV cRQcOXdHd WKaW LRQJ-COVID ZaV a
SV\cKRVRPaWLc cRQdLWLRQ.

TKHVH H[SOaQaWLRQV aUH OLPLWHd LQ WKHLU VcRSH. TKH VWXd\ cRQcOXdLQJ WKaW PASC V\PSWRPV aUH dXH
WR bLRSV\cKRVRcLaO HIIHcWV RI WKH COVID-19 SaQdHPLc PadH WKaW aVVHUWLRQ dHVSLWH WKH IacW WKaW
RQO\ COVID-19 SQHXPRQLa SaWLHQWV ZHUH LQcOXdHd LQ WKH VWXd\. AV a UHVXOW, WKH OacN RI
UadLRJUaSKLc abQRUPaOLWLHV dRHV QRW HOLPLQaWH WKH SRVVLbLOLW\ RI PASC V\PSWRPV UHVXOWLQJ IURP
RWKHU RUJaQ V\VWHP abQRUPaOLWLHV. TKH SRVLWLRQ WKaW K\SHUc\WRNLQHPLa LV QHcHVVaU\ IRU YLUaO
cOHaUaQcH UHOLHV XSRQ WKH aVVXPSWLRQ WKaW c\WRNLQH VWRUPV Pa\ QRW bRWK bH QHcHVVaU\ IRU
cOHaUaQcH aQd SRWHQWLaOO\ dHWULPHQWaO WR SaWLHQW RXWcRPHV. MRUH UHVHaUcK LV QHHdHd LQ WKLV aUHa WR
IXOO\ HOXcLdaWH WKH HWLRORJ\ RI PASC.

WLWK WKLV LQ PLQd, PRVW HYLdHQcH dRHV VXJJHVW WKaW K\SHUc\WRNLQHPLa SOa\V a SURPLQHQW UROH LQ
aQ LQIOaPPaWRU\ UHacWLRQ UHVXOWLQJ LQ PXOWL-RUJaQ daPaJH WKaW KaV bHHQ aVVRcLaWHd ZLWK WKH
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LRQJ-COVID SKHQRPHQRQ. ME aQd COVID-UHOaWHd MIS aUH VWULNLQJO\ VLPLOaU, VXSSRUWLQJ WKH
OLNHOLKRRd WKaW PASC VHcRQdaU\ WR PXOWLV\VWHP RUJaQ daPaJH LV WULJJHUHd b\ PHcKaQLVPV
VLPLOaU WR ME. TKH cRUUHOaWLRQ LV cORVH HQRXJK WR VXJJHVW WKaW PASC VKRXOd bH dHVLJQaWHd aV a
SaUWLcXOaUO\ YLUXOHQW VXbcaWHJRU\ RI ME V\PSWRPV WKaW aUH VSHcLILc WR COVID-19 SaWKRORJ\.

7UHDWPHQWV RI CO9ID-19

TUeaWmenWV of AcXWe COVID-19

TKHUH aUH VHYHUaO dLIIHUHQW WUHaWPHQW RSWLRQV IRU COVID-19, aQd WKHVH IaOO LQWR WKUHH PaMRU
caWHJRULHV: dUXJ UHSXUSRVLQJ, PRQRcORQaO aQWLbRd\ WUHaWPHQW, aQd QHZ dUXJ dHYHORSPHQW.4 TKLV,
RI cRXUVH, dRHV QRW LQcOXdH LQdLUHcW WUHaWPHQW PHWKRdV ZLWK ZKLcK COVID-19 LV bHLQJ WUHaWHd,
LQcOXdLQJ R[\JHQ WKHUaS\, VWHURLdV, LPPXQRVXSSUHVVRUV, RU YaccLQHV ZKLcK UHdXcH WKH VSUHad RI
LQIHcWLRQ.83

DUXJ UHSXUSRVLQJ, aOVR WHUPHd UHSRVLWLRQLQJ, LV WKH XVH RI dUXJV aSSURYHd WR WUHaW RQH dLVHaVH IRU
WKH SXUSRVH RI WUHaWLQJ aQRWKHU.84 SLQcH dUXJ UHSXUSRVLQJ XWLOL]HV VXbVWaQcHV ZKLcK KaYH bHHQ
WKRURXJKO\ VWXdLHd, ZLWK ZHOO-NQRZQ SUH-cOLQLcaO, SKaUPacRNLQHWLc, aQd SKaUPacRd\QaPLc
SURILOHV, WKH dUXJ caQ bH IaVW-WUacNHd WKURXJK WR SKaVH 3 KXPaQ cOLQLcaO WULaOV.85 TKLV PaNHV WKH
dUXJ dLVcRYHU\ aQd aSSURYaO SURcHVV IaVWHU, cKHaSHU, aQd OaUJHO\ PRUH UHOLabOH. RHPdHVLYLU LV RQH
VXcK dUXJ ZKLcK KaV bHHQ UHSXUSRVHd WRZaUdV WKH WUHaWPHQW RI COVID-19.86 RHPdHVLYLU LV aQ
aQWLYLUaO dUXJ RULJLQaOO\ dHYHORSHd aV a WUHaWPHQW IRU EbROa YLUXV dLVHaVH aQd ZKLcK IXQcWLRQV b\
LQWHUIHULQJ ZLWK YLUaO RNA-dHSHQdHQW RNA SRO\PHUaVH acWLYLW\.87 COLQLcaO WULaOV KaYH VKRZQ
UHPdHVLYLU WR bH HIIHcWLYH IRU WKH WUHaWPHQW RI COVID-19, aQd, aOWKRXJK WKH IXOO HIILcac\ RI WKLV
WUHaWPHQW LV VWLOO bHLQJ LQYHVWLJaWHd, WKH FDA JUaQWHd HPHUJHQc\ XVH aXWKRUL]aWLRQ RI UHPdHVLYLU
IRU SaWLHQWV ZLWK VHYHUH COVID-19 aQd PRVW UHcHQWO\ H[SaQdHd XVH RI UHPdHVLYLU WUHaWPHQW WR
RXWSaWLHQWV ZLWK PLOd-WR-PRdHUaWH COVID-19 dLVHaVH.88 FXUWKHU LQYHVWLJaWLRQ LQWR WKH XVH RI
UHPdHVLYLU, aV ZHOO aV RI RWKHU UHSXUSRVHd dUXJV VXcK aV LYHUPHcWLQ, ORSLQaYLU/ULWRQaYLU, aQd
cKORURTXLQH (K\dUR[\cKORURTXLQH) IRU WKH WUHaWPHQW IRU COVID-19 LV RQJRLQJ.4,88,89

AQRWKHU SURPLVLQJ W\SH RI WUHaWPHQW IRU COVID-19 LQYROYHV WKH XVH RI PRQRcORQaO aQWLbRdLHV.
SHYHUaO PRQRcORQaO aQWLbRdLHV KaYH aOUHad\ bHHQ dHYHORSHd, LQcOXdLQJ WKRVH ZKLcK WaUJHW WKH
VSLNH SURWHLQ RQ WKH YLUXV aQd WKH UHcHSWRU bLQdLQJ dRPaLQ (RBD), ZKLcK LV XVHd b\ WKH YLUXV WR
bLQd WR KRVW ACE2 aQd HQWHU WKH KRVW cHOO.1,91 TKHVH LQcOXdH VRWURYLPab, baPOaQLYLPab,
HWHVHYLPab, aVLULYLaPb, aQd LPdHYLPab, aPRQJ PaQ\ RWKHUV.91 MRQRcORQaO aQWLbRdLHV Pa\ aOVR
bH XVHd WR cRQWURO WKH c\WRNLQH VWRUP, aQd WKHVH LQcOXdH cOa]aNL]XPab, VLOWX[LPab, OHYLOLPab, aQd
adaOLPXPab, aPRQJ PaQ\ RWKHUV.91 TKH IXOO HIILcac\ RI PRQRcORQaO aQWLbRd\ WUHaWPHQW LV \HW WR
bH IXOO\ HOXcLdaWHd, aV WKHUH aUH VHYHUaO cRQcHUQV ZLWK WKLV WUHaWPHQW PRdaOLW\. TKHVH LQcOXdH
SURdXcWLRQ cRQVWUaLQWV aQd VXVcHSWLbLOLW\ RI WKH WUHaWPHQW WR YLUXV PXWaWLRQ.4 HRZHYHU, ZLWK
RQJRLQJ UHVHaUcK aQd WKH cRQWLQXaO ILQH WXQLQJ RI WUHaWPHQW cULWHULa RU LQdLcaWLRQV, WKHUH LV PXcK
SURPLVH WKaW WKLV ZLOO cRQWLQXH bHLQJ a VXccHVVIXO WUHaWPHQW RSWLRQ.
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TKH dHYHORSPHQW RI aQ RUaO dUXJ WKaW SaWLHQWV Pa\ WaNH aW KRPH LV aQRWKHU aYHQXH VKRZLQJ JUHaW
SURPLVH. TKH abLOLW\ WR WaNH a dUXJ aW KRPH ZRXOd aOORZ SaWLHQWV WR UHcHLYH WUHaWPHQW aW WKH HaUO\
VWaJHV RI LQIHcWLRQ, aQd WKXV UHdXcH WKH QXPbHU RI KRVSLWaOL]aWLRQV aQd VXbVHTXHQW PRUWaOLW\.4 IQ
IacW, WKHVH aUH WKH H[acW UHVXOWV VHHQ LQ a SKaVH 3 cOLQLcaO WULaO RI PROQXSLUaYLU (EIDD-2801), aQ
RUaO dUXJ SURdXcHd b\ MHUcN ZKLcK IXQcWLRQV VLPLOaUO\ WR UHPdHVLYLU b\ dLVWXUbLQJ WKH acWLYLW\
RI YLUaO RNA SRO\PHUaVH.92,93 PIL]HU SURdXcHV WKH VHcRQd cOaVV RI RUaO dUXJ ZKLcK LV bHcRPLQJ
aYaLOabOH LQ WKH WUHaWPHQW RI COVID-19, caOOHd Sa[ORYLd (QLUPaWUHOYLU-ULWRQaYLU).94 Pa[ORYLd
IXQcWLRQV dLIIHUHQWO\ WKaQ PROQXSLUaYLU, bHKaYLQJ aV a SURWHaVH LQKLbLWRU ZKLcK dLVUXSWV YLUXV
UHSOLcaWLRQ.95 TKHVH WZR RUaO PHdLcaWLRQV ZLOO cRQWLQXH bHLQJ VWXdLHd LQWHQVLYHO\ aV WKHLU XVH
bHcRPHV PRUH ZLdHVSUHad.

TUeaWmenW of PoVW-AcXWe SeTXelae of COVID-19
TKH OLNHO\ LPSOLcaWLRQ RI K\SHUc\WRNLQHPLa LQ LRQJ-COVID KaV OHd SK\VLcLaQV WR aWWHPSW WR
WUHaW WKHVH cRQdLWLRQV ZLWK LPPXQRVXSSUHVVLYH aJHQWV. IQ SaUWLcXOaU, TRcLOL]XPab KaV bHHQ XVHd
LQ WUHaWPHQW bHcaXVH RI LWV HIIHcWV aV aQ IL-6 aQWaJRQLVW.68 TRcLOL]XPab WUHaWPHQWV KaYH SURYHQ WR
LPSURYH cOLQLcaO RXWcRPHV IRU SaWLHQWV ZLWK VHYHUH COVID-19.67,96

TKH VXccHVV RI WRcLOL]XPab WKHUaS\ PXVW bH WHPSHUHd b\ acNQRZOHdJLQJ WKH daQJHUV aVVRcLaWHd
ZLWK LPPXQRVXSSUHVVLYH WUHaWPHQWV. IQ ZHaNHQLQJ WKH LPPXQH UHVSRQVH WR COVID-19,
LPPXQRVXSSUHVVLYH WUHaWPHQWV Pa\ RSHQ WKH dRRU WR addLWLRQaO LQIHcWLRQ. AV a UHVXOW, WKLV
WUHaWPHQW LV cXUUHQWO\ RQO\ aSSURYHd IRU SaWLHQWV ZLWK VHYHUH caVHV RI COVID-19 LQ ZKLcK
UHcRYHU\ LV XQOLNHO\ ZLWKRXW H[WUHPH LQWHUYHQWLRQV.

CRQYaOHVcHQW SOaVPa WKHUaS\ (CPT) LV aQRWKHU WUHaWPHQW WKaW KaV SURYHQ VXccHVVIXO LQ WKH
PaQaJHPHQW RI VHYHUH COVID-19 caVHV.97 IQ cRPbLQaWLRQ ZLWK WRcLOL]XPab WKHUaS\, CPT ZaV
IRXQd WR UHdXcH SOaVPa IL-6 OHYHOV PXcK IaVWHU WKaQ HLWKHU WKHUaS\ RQ LWV RZQ.

OQH RI WKH dRZQVLdHV WR WKH VLPLOaULW\ RI ME aQd PASC SaWKRORJ\ LV WKaW WKHUH aUH OLNHO\ QR
WUHaWPHQW SRVVLbLOLWLHV RWKHU WKaQ V\PSWRP PaQaJHPHQW. IQVWHad, HPSKaVLV VKRXOd bH SOacHd RQ
WUHaWLQJ VHULRXVO\ LOO COVID SaWLHQWV ZLWK SUHYHQWaWLYH LPPXQRVXSSUHVVLYH WKHUaSLHV OLNH
WRcLOL]XPab LQ WKH PRVW VHYHUH caVHV, RU OHVV LQYaVLYH CPT WUHaWPHQWV ZKHQ aYaLOabOH.
UQIRUWXQaWHO\, PaQ\ QRQ-ICU SaWLHQWV WKaW ZRXOd QRW bH HOLJLbOH IRU WRcLOL]XPab WUHaWPHQW UHSRUW
PASC V\PSWRPV. SLPLOaUO\, CPT VKRXOd bH UHVHUYHd IRU VHYHUH caVHV bHcaXVH RYHUXVH RI CPT
Pa\ KaYH WKH HIIHcW RI IRUcLQJ WKH PXWaWLRQ RI QHZ COVID-19 VWUaLQV.

CRQFOXVLRQV
IQ cRQcOXVLRQ, RXU UHYLHZ dHPRQVWUaWHV WKaW COVID-19 LV a PXOWL-SKaVLc dLVHaVH, ZLWK PXOWLSOH
SKaVHV RI LQIHcWLRQ dUaZLQJ UHVSRQVHV IURP WKH KRVW LPPXQH V\VWHP cRUUHVSRQdLQJ WR WKH VWaJH
RI LQIHcWLRQ. TKLV dHWaLO KaV bHHQ SaUaPRXQW LQ WKH WaLORULQJ RI WUHaWPHQW RSWLRQV IRU SaWLHQWV ZLWK
COVID-19 aQd ZLOO cRQWLQXH bHLQJ SaUaPRXQW aV PRUH WUHaWPHQWV aUH dHYHORSHd aQd bURXJKW
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LQWR cOLQLcaO SUacWLcH. OXU UHYLHZ aOVR dHVcULbHV aUHaV ZKHUH IXWXUH UHVHaUcK LV QHHdHd aQd ZLOO
bHcRPH IXQdaPHQWaO WR XQdHUVWaQdLQJ WKH bRd\¶V LPPXQH UHVSRQVH WR COVID-19.
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<HVKLYD UQLYHUVLW\ JRXUQDO RI MHGLFLQH DQG DHQWLVWU\

RHYLHZ
TKH AGYDQWDJHV, MDQXIDFWXUH, DQG ASSOLFDWLRQV RI
BLVSHFLILF AQWLERGLHV
RDFKHO KDSODQ

AEVWUDFW
BLVSHcLILc aQWLbRdLHV (BVAbV) aUH aQWLbRdLHV WKaW KaYH WZR bLQdLQJ VLWHV ZLWK dLIIHUHQW
VSHcLILcLWLHV. BVAbV SURYLdH adYaQWaJHV RYHU PRQRVSHcLILc aQWLbRdLHV, VXcK aV LQcUHaVHd bLQdLQJ
VLWH VSHcLILcLW\, bHWWHU UHcRJQLWLRQ RI VLQJOH aQWLJHQV ZLWK PXOWLSOH HSLWRSHV, aQd WKH abLOLW\ WR
bORcN WZR dLIIHUHQW aQWLJHQV VLPXOWaQHRXVO\. TKH\ addUHVV WKH LVVXH RI SaWLHQWV dHYHORSLQJ
UHVLVWaQcH WR aQWLbRd\ WUHaWPHQW aQd caQ UHdXcH H[SHQVHV aVVRcLaWHd ZLWK PXOWLSOH PRQRVSHcLILc
aQWLJHQV. BVAbV caQ aOVR UHcUXLW RQH cHOO W\SH WR aQRWKHU, cUHaWLQJ a SRZHUIXO WRRO IRU
LPPXQRWKHUaS\. BLVSHcLILc aQWLbRdLHV ZHUH ILUVW cUHaWHd LQ WKH 1960V b\ NLVRQRII aQd KLV
cROOabRUaWRUV, aQd RYHU WLPH, a PXOWLWXdH RI PHWKRdV ZHUH dHYHORSHd WR HQJLQHHU BVAbV. TKH
PaQXIacWXUH RI BVAbV LV SaUWLcXOaUO\ dLIILcXOW dXH WR WKH YaULabLOLWLHV LQ UHcRPbLQaWLRQ RI WKHLU
IRXU SRO\SHSWLdH cKaLQV. TKH NQRb-LQ-KROH WHcKQLTXH LV RQH RI WKH PRVW ZHOO-NQRZQ PHWKRdV IRU
BVAb HQJLQHHULQJ, bXW LW KaV OLPLWaWLRQV. TKH SEED PHWKRd, aORQJ ZLWK RWKHU WHcKQLTXHV,
addUHVV VRPH RI WKHVH OLPLWaWLRQV. TKUHH W\SHV RI BVAbV aUH cRPPHUcLaOO\ aYaLOabOH WRda\ WR
WUHaW caQcHUV, \HW UHVHaUcK LQ WKLV ILHOd cRQWLQXHV WR adYaQcH.

IQWURGXFWLRQ
AQWLbRdLHV aUH cUXcLaO cRPSRQHQWV RI WKH LPPXQH V\VWHP. TKHVH VSHcLaOL]Hd, Y-VKaSHd SURWHLQV
aUH H[cHOOHQW ³VcRXWV´ IRU SRWHQWLaO SaWKRJHQV. TKH\ VHaUcK IRU aQd HLWKHU dHVWUR\ aQWLJHQV
dLUHcWO\ RU WaJ WKH aQWLJHQV WKURXJK WKH XVH RI XQLTXH bLQdLQJ VLWHV. WKLOH QaWXUaOO\ RccXUULQJ
aQWLbRdLHV KaYH aQ H[WHQVLYH UaQJH RI aQWLJHQ-bLQdLQJ cHQWHU YaULaQWV, HacK LQdLYLdXaO aQWLbRd\
LV PRQRVSHcLILc. IQ RWKHU ZRUdV, WKH WZR bLQdLQJ VLWHV ORcaWHd RQ WKH WLSV RI aQWLbRdLHV aUH
LdHQWLcaO.1 BLVSHcLILc aQWLbRdLHV, RU BVAbV, aUH aUWLILcLaOO\ PaQXIacWXUHd aQWLbRdLHV WKaW cRQWaLQ
WZR bLQdLQJ VLWHV ZLWK dLIIHUHQW VSHcLILcLWLHV, ZKHWKHU WKaW bH WR dLIIHUHQW aQWLJHQV RU WR dLIIHUHQW
HSLWRSHV RQ WKH VaPH aQWLJHQ.

AGYDQWDJHV RI BLVSHFLILF AQWLERGLHV
BLVSHcLILc aQWLbRdLHV SURYLdH a QXPbHU RI adYaQWaJHV RYHU PRQRVSHcLILc aQWLbRdLHV, aV WKH\
SURYLdH PRUH bLQdLQJ VLWH VSHcLILcLW\ dXH WR WKHLU abLOLW\ WR UHcRJQL]H aQd bLQd WR WZR dLIIHUHQW
VXUIacH aQWLJHQV. IW KaV bHHQ IRXQd WKaW PaQ\ WXPRUV cRH[SUHVV PRUH WKaQ RQH VXUIacH aQWLJHQ,
UHTXLULQJ PRUH WKaQ RQH PRQRVSHcLILc aQWLbRd\. OIWHQWLPHV, WR aSSURacK WKHVH W\SHV RI
SaWKRJHQV PRUH HIILcLHQWO\, RQH bLVSHcLILc aQWLbRd\ caQ bH XVHd.2 FXUWKHU, LI a VLQJOH aQWLJHQ KaV
PRUH WKaQ RQH HSLWRSH, bLVSHcLILc aQWLbRdLHV caQ aOORZ IRU PRUH HIIHcWLYH UHcRJQLWLRQ RI WKaW
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aQWLJHQ. IW LV NQRZQ WKaW VLQJOH-WaUJHW aQWLbRdLHV dR QRW VXIILcLHQWO\ dHVWUR\ WXPRU cHOOV dXH WR WKH
cRPSOH[ VLJQaOLQJ SaWKZa\V aQd PHcKaQLVPV aVVRcLaWHd ZLWK PaQ\ caQcHUV. BVAbV caQ SRVH a
VROXWLRQ WR WKLV LVVXH bHcaXVH RI WKHLU abLOLW\ WR bORcN WZR dLIIHUHQW aQWLJHQV LQYROYHd LQ
SaWKRJHQHVLV VLPXOWaQHRXVO\.3 BLVSHcLILc aQWLbRdLHV aUH HVSHcLaOO\ cRPSHOOLQJ bHcaXVH RI WKHLU
abLOLW\ WR UHcUXLW RQH cHOO W\SH WR aQRWKHU, VXcK aV WKHLU abLOLW\ WR WaUJHW SURWHLQV RQ caQcHURXV
B-cHOOV ZKLOH WKH RWKHU UHcRJQLWLRQ VLWH caQ UHcUXLW LPPXQH cHOOV, VXcK aV NLOOHU T-cHOOV LQ RUdHU WR
dHWHcW aQd dHVWUR\ WKH caQcHU (FLJXUH 1). BVAbV aOVR addUHVV WKH LVVXH RI SaWLHQWV dHYHORSLQJ
UHVLVWaQcH WR aQWLbRd\ WUHaWPHQW. DXH WR WKHLU LQcUHaVHd VSHcLILcLW\, BVAbV caQ KHOS WR aYRLd WKH
dHYHORSPHQW RI LPPXQLW\ WR WUHaWPHQW.4 TKH XVH RI BVAbV caQ SRWHQWLaOO\ UHdXcH H[SHQVHV
aVVRcLaWHd ZLWK aQd HQKaQcH WKH dHYHORSPHQW RI cOLQLcaO WULaOV WKaW PLJKW RWKHUZLVH XVH PXOWLSOH
PRQRVSHcLILc aQWLJHQV.2 BVAbV caQ aOVR bH XVHIXO LQ cUHaWLQJ bULdJHV WR cRPbLQH WZR SURWHLQ
cRPSOH[HV, ZKLcK H[SaQdV WKHLU UHOHYaQcH bH\RQd LPPXQRWKHUaS\.5

FLJXUH 1. BiVpecific anWibod\ UecUXiWing T-cellV and WaUgeWing WXmoU cellV.

EDUO\ DHYHORSPHQW RI AQWLERG\ EQJLQHHULQJ
BLVSHcLILc aQWLbRdLHV ZHUH ILUVW cUHaWHd LQ WKH 1960V b\ NLVRQRII aQd KLV cROOabRUaWRUV. TKH\
cRPbLQHd aQWLJHQ-bLQdLQJ IUaJPHQWV IURP WZR dLIIHUHQW LPPXQH cHOO PL[WXUHV LQ VROXWLRQ aQd
IRXQd WKaW WKH\ UHaVVRcLaWHd LQWR ³K\bULd´ aQWLJHQ-bLQdLQJ IUaJPHQW cRPSOH[HV.6

IQ 1975, MLOVWHLQ aQd K|KOHU dHYHORSHd a WHcKQLTXH IRU WKH SURdXcWLRQ RI OaUJH aPRXQWV RI
PRQRcORQaO aQWLbRdLHV WKURXJK WKH XVH RI K\bULdRPaV, ZKLcK ZaV OaWHU aSSOLHd WR WKH V\QWKHVLV
RI bLVSHcLILc aQWLbRdLHV (FLJXUH 2). B\ IXVLQJ P\HORPaV, RU caQcHURXV IRUPV RI SOaVPa cHOOV WKaW
dR QRW SURdXcH aQWLbRdLHV, ZLWK ZLOd-W\SH SOaVPa cHOOV WKaW caQ SURdXcH aQWLbRdLHV, K\bULdRPaV
aUH IRUPHd. TKHVH µIXVLRQ cHOOV¶ cRPbLQH WKH ORQJHYLW\ RI P\HORPaV ZLWK WKH
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aQWLbRd\-SURdXcLQJ SURSHUWLHV RI SOaVPa cHOOV WR aOORZ IRU H[WHQVLYH SURdXcWLRQ RI aQWLbRdLHV.7

TKURXJK WKH IXVLRQ RI WZR VHSaUaWH K\bULdRPaV WR IRUP a TXadURPa, LdHQWLcaO, bLVSHcLILc
aQWLbRdLHV caQ bH IRUPHd LQ H[WHQVLYH aPRXQWV.8 IW ZaV aOVR dLVcRYHUHd WKaW WKHVH K\bULd
aQWLbRdLHV caQ bH aUWLILcLaOO\ V\QWKHVL]Hd b\ dLUHcWO\ cKHPLcaOO\ cRQMXJaWLQJ WZR PRQRVSHcLILc
aQWLbRdLHV. OYHU WLPH, a PXOWLWXdH RI PHWKRdV ZHUH dHYHORSHd WR HQJLQHHU bLVSHcLILc aQWLbRdLHV
ZLWK XQLTXH bLRcKHPLcaO SURSHUWLHV, ZKLcK aOORZHd IRU a SOaWIRUP WR cUHaWH SRWHQWLaO
LPPXQRWKHUaSLHV WKaW bH cXUaWHd WR ILW VSHcLILc SKaUPacRORJLcaO QHHdV.6

FLJXUH 2. PUodXcWion pUoceVV of cUeaWing biVpecific anWibodieV WhUoXgh Whe XVe of h\bUidomaV.

LLPLWDWLRQV RI BLVSHFLILF AQWLERG\ DHYHORSPHQW
TKH dHYHORSPHQW RI bLVSHcLILc aQWLbRdLHV SRVHV a cHUWaLQ cKaOOHQJH dXH WR WKHLU PROHcXOaU
PaNHXS aQd WKH YaULabLOLWLHV LQ WKH UHcRPbLQaWLRQ RI WKHLU IRXU SRO\SHSWLdH cKaLQV. SWaQdaUd,
QaWXUaOO\ RccXUULQJ aQWLbRdLHV aUH PadH XS RI WZR LdHQWLcaO KHaY\ SRO\SHSWLdH cKaLQV aQd WZR
LdHQWLcaO OLJKW SRO\SHSWLdH cKaLQV. TKHVH cKaLQV aUH KHOd WRJHWKHU ZLWK dLVXOILdH bRQdV. AW WKH
HQdV RI WKH Y-VKaSHd VWUXcWXUH, WKHUH aUH WZR LdHQWLcaO aQWLJHQ bLQdLQJ IUaJPHQWV, UHIHUUHd WR aV
WKH Fab UHJLRQ.9 NaWXUaOO\ RccXUULQJ aQWLbRdLHV aUH PRQRVSHcLILc, bLYaOHQW, aQd V\PPHWULcaO, dXH
WR WKHLU PaNHXS RI WZR LdHQWLcaO KHaY\ cKaLQV aQd WZR LdHQWLcaO OLJKW cKaLQV. IQ RUdHU WR cUHaWH
bLVSHcLILc aQWLbRdLHV, RQH KHaY\ aQd RQH OLJKW SRO\SHSWLdH cKaLQ IURP RQH W\SH RI aQWLbRd\ PXVW
bH cKHPLcaOO\ cRPbLQHd ZLWK a KHaY\ aQd OLJKW cKaLQ IURP aQRWKHU aQWLbRd\. UQIRUWXQaWHO\, WKLV
UHcRPbLQaWLRQ SURcHVV UHVXOWV LQ WKH IRUPaWLRQ RI XQdHVLUabOH SURWHLQ cRPSOH[HV. TKHRUHWLcaOO\,
WKH UHcRPbLQaWLRQ RI KHaY\ aQd OLJKW cKaLQV IURP WZR dLIIHUHQW aQWLbRdLHV caQ UHVXOW LQ 16
dLIIHUHQW cRPSOH[HV, RQO\ RQH RI ZKLcK LV bLVSHcLILc ZLWK WKH RWKHUV HLWKHU PRQRVSHcLILc RU
QRQIXQcWLRQaO.10 EYHQ WKH K\bULdRPa WHcKQLTXH UHVXOWV LQ QXPHURXV, QRQ-IXQcWLRQaO VLdH
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SURdXcWV, aV WKH K\bULdRPa cHOOV SURdXcH WZR dLIIHUHQW KHaY\ aQd WZR dLIIHUHQW OLJKW cKaLQV,
aOORZLQJ IRU WKH SRO\SHSWLdH cKaLQV WR aVVRcLaWH LQ a YaULHW\ RI Za\V.6 PXULILcaWLRQ RI WKH
bLVSHcLILc aQWLbRdLHV IURP WKHVH UHcRPbLQaQWV LV QRW UHadLO\ aYaLOabOH aV LV dLIILcXOW aQd
H[SHQVLYH.11 TR cRPbaW WKLV LVVXH, PaQ\ bLRcKHPLcaO WHcKQLTXHV KaYH bHHQ HQJLQHHUHd WR aOORZ
IRU SUHIHUHQWLaO IRUPaWLRQ RI IXQcWLRQaO, bLVSHcLILc aQWLbRdLHV.

MHWKRGV RI BLVSHFLILF AQWLERG\ DHYHORSPHQW
OQH RI WKH PRVW ZHOO-NQRZQ PHWKRdV IRU bLVSHcLILc aQWLbRd\ HQJLQHHULQJ LV WKH NQRb-LQ-KROH
WHcKQLTXH. TKLV WHcKQLTXH ZaV RULJLQaOO\ dHYHORSHd b\ CULcN LQ 1952 LQ RUdHU WR SacN aPLQR acLd
VLdH cKaLQV ZLWKLQ aOSKa KHOL[ VWUXcWXUHV. IQ 1996, JRKQ B. RLdJZa\ aQd KLV cROOHaJXHV aSSOLHd
WKH NQRb-LQ-KROH PHWKRd IRU WKH adMXVWPHQW RI SURWHLQ VWUXcWXUH WR WKH PaQXIacWXUH RI
KHWHURdLPHU aQWLbRd\ SURWHLQV. EVVHQWLaOO\, WKLV WHcKQLTXH UHSOacHV a VPaOO aPLQR acLd LQ WKH CH3
UHJLRQ RI WKH KHaY\ cKaLQ ZLWK a OaUJHU aPLQR acLd, cUHaWLQJ a SURWUXVLRQ LQ WKH SURWHLQ dLPHU, RU
a ³NQRb´. IQ WKH RWKHU KHaY\ cKaLQ (ZLWK dLIIHUHQW aQWLbRd\ VSHcLILcLW\), a OaUJH aPLQR acLd LQ WKH
CH3 UHJLRQ LV UHSOacHd ZLWK a VPaOO aPLQR acLd, cUHaWLQJ a ³KROH´. TKLV PHWKRd VWUXcWXUaOO\
IacLOLWaWHV WKH SRO\SHSWLdH cKaLQV ZLWK SURSHU UHcRPbLQaWLRQ. TKLV WHcKQLTXH aOORZV IRU a
UHcRPbLQaWLRQ HIILcLHQc\ RI 57%. TKH NQRb-LQ-KROH WHcKQLTXH LV aQ LQcUHdLbO\ QRYHO PHWKRd WR
HQKaQcH WKH IRUPaWLRQ RI BVAbV (FLJXUH 1). SWLOO, LW KaV LWV OLPLWaWLRQV. DXH WR WKH cKaQJH LQ
aPLQR acLdV, WKH VWabLOLW\ RI WKH SURWHLQ VWUXcWXUH LV QHJaWLYHO\ aIIHcWHd. TKHUHIRUH, RWKHU PHWKRdV
WR cUHaWH WKHVH bLVSHcLILc aQWLbRdLHV ZHUH LQYHVWLJaWHd.12

IQ 2009, JRQaWKaQ H. DaYLV aQd KLV cROOHaJXHV cUHaWHd IXVLRQ aQWLbRd\ SURWHLQV XVLQJ a PHWKRd
caOOHd VWUaQd-H[cKaQJH HQJLQHHUHd dRPaLQ (SEED). TKLV WHaP aLPHd WR LPSURYH XSRQ WKH cOaVVLc
NQRb-LQ-KROH aSSURacK, aV LW ZaV IRXQd WKaW WR RSWLPL]H WKH VWabLOLW\ RI BVAbV PadH ZLWK WKLV
WHcKQLTXH, a QRQ-QaWLYH dLVXOILdH bULdJH bHWZHHQ WKH KHWHURdLPHUV ZaV UHTXLUHd.13 TR aYRLd WKH
LQWURdXcWLRQ RI aQ H[WHUQaO dLVXOILdH bRQd, WKH SEED WHcKQLTXH WR cUHaWH a PRUH VWabOH
KHWHURdLPHU SURdXcW ZaV LQYHVWLJaWHd. TZR SURWHLQ dHULYaWLYHV ZHUH PaQXIacWXUHd IURP
IPPXQRJORbLQ G aQd IPPXQRJORbLQ A CH3 dRPaLQV. TKH WZR dHULYaWLYHV RI WKHVH SaUHQW
SRO\SHSWLdHV ZHUH caOOHd AG aQd GA SEED CH3 dRPaLQV. TKLV SaLU RI SEED CH3 dRPaLQV
SUHIHUHQWLaOO\ cRPbLQH WR SURdXcH KHWHURdLPHU aQWLbRd\ SURWHLQV. DaYLV aQd KLV WHaP cUHaWHd WZR
dLIIHUHQW bLVSHcLILc aQWLbRdLHV XVLQJ WKH SEED PHWKRd aV PRdHOV.11 TKLV PHWKRd LV SaUWLcXOaUO\
VLJQLILcaQW aV LW PaLQWaLQV WKH bLQdLQJ aIILQLW\ RI bLVSHcLILc aQWLbRdLHV LQ cRPSaULVRQ WR WKHLU
SaUHQW, KRPRdLPHU SURWHLQV aQd aOORZV IRU WKH PaQXIacWXULQJ RI bLRcKHPLcaOO\ VWabOH SURdXcWV.14

ASSOLFDWLRQV LQ MHGLFLQH DQG IPPXQRWKHUDS\
TRda\, WKUHH W\SHV RI bLVSHcLILc aQWLbRdLHV aUH cRPPHUcLaOO\ aYaLOabOH IRU WUHaWPHQW15 aQd RYHU 90
BVAbV aUH cXUUHQWO\ bHLQJ LQYHVWLJaWHd LQ SUH-cOLQLcaO aQd cOLQLcaO WULaOV.2 CaWXPa[RPab, RQH RI
WKHVH cRPPHUcLaOO\ aYaLOabOH BVAbV, WUHaWV WXPRU cHOOV b\ UHcRJQL]LQJ WKH ESCAM aQWLJHQ. IW
aOVR KaV VSHcLILcLW\ IRU WKH CD3 aQWLJHQ RQ T cHOOV, ZKLcK, XSRQ bLQdLQJ, VWLPXOaWHV T cHOOV WR
VHcUHWH c\WRNLQHV aQd SURPRWHV WKH HOLPLQaWLRQ RI WXPRU cHOOV. EVVHQWLaOO\, WKLV BVAb UHcUXLWV
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SaWKRJHQ-ILJKWLQJ T cHOOV dLUHcWO\ WR WKH VLWH RI WKH caQcHURXV cHOO. BOLQaWXPRPab, aQRWKHU
cRPPHUcLaOO\ aYaLOabOH BVAb, KHOSV WR WUHaW SUHcXUVRU B ALL OHXNHPLa dXH WR WKH PKLOadHOSKLa
cKURPRVRPH, ZKLcK LV QRWRULRXV IRU LWV cRPSOLcaWLRQV aQd dLIILcXOWLHV LQ WUHaWPHQW. PaWLHQWV ZLWK
WKLV W\SH RI OHXNHPLa aOZa\V KaYH VRPH PHaVXUabOH UHVLdXaO dLVHaVH HYHQ aIWHU H[WHQVLYH
WUHaWPHQW, ZKLcK RIWHQ caXVHV UHOaSVH. TKH BOLQaWXPRPab K\bULd, b\ UHcUXLWLQJ T cHOOV WR WKH
aQWLJHQ, KaV bHHQ VKRZQ WR caXVH VRPH dHJUHH RI cRPSOHWH UHPLVVLRQ LQ SaWLHQWV. TKLV LV
HVSHcLaOO\ VLJQLILcaQW aV OHXNHPLa LV UHIHUUHd WR aV a OLTXLd WXPRU, ZKLcK PHaQV WKaW WKH
caQcHURXV JURZWK caQ QRW bH VXUJLcaOO\ UHPRYHd RU HaVLO\ LdHQWLILHd. TKH BOLQaWXPRPab LV
KHOSIXO LQ cRPbaWLQJ WKLV dLVHaVH aV LW LV abOH WR ORcaWH aQd WaJ caQcHURXV cHOOV WR SURPRWH
aQWLbRd\-dLUHcWHd c\WRWR[LcLW\. TKH WKLUd W\SH RI BVAb cRPPHUcLaOO\ aYaLOabOH LV caOOHd
EPLcL]XPab, ZKLcK LV XVHd WR WUHaW SaWLHQWV ZLWK cRQJHQLWaO IacWRU VIII dHILcLHQc\, RU
KHPRSKLOLa. PHRSOH ZLWKRXW WKLV dLVHaVH aUH abOH WR SURdXcH WKUHH cORWWLQJ IacWRUV: IacWRU FIXa,
IacWRU FX aQd IacWRU VIII. FacWRU VIII, ZKLcK KHPRSKLOLc SaWLHQWV OacN WKH abLOLW\ WR SURdXcH, ZLOO
JaWKHU IacWRUV FIXa aQd FX WR IRUP a cRaJXOaWLRQ cRPSOH[ SURWHLQ aQd VWRS bORRd IORZ.
EPLcL]XPab KaV VSHcLILcLW\ IRU bRWK IacWRUV FIXa aQd FX aQd OLQNV WKHVH WZR SURWHLQV WRJHWKHU,
ZKLcK LV HIIHcWLYH aW cUHaWLQJ a SURWHLQ cRPSOH[ WKaW caXVHV bORRd cORWWLQJ. EPLcL]XPab LV
HVSHcLaOO\ LQWHUHVWLQJ aV LW acWV aV a SURWHLQ OLQNHU WR SURYLdH WUHaWPHQW LQVWHad RI LQWHUacWLQJ ZLWK
LPPXQH V\VWHP cHOOV.15

CRQFOXVLRQ
BLVSHcLILc aQWLbRdLHV KaYH HPHUJHd aV SURPLVLQJ WKHUaSHXWLc WRROV IRU WKH WUHaWPHQW RI YaULRXV
dLVHaVHV, LQcOXdLQJ caQcHU, aXWRLPPXQH dLVRUdHUV, aQd LQIHcWLRXV dLVHaVHV. TKHLU abLOLW\ WR bH
PaQXIacWXUHd WR PHHW WKH QHHdV RI a SaUWLcXOaU dLVHaVH RU PaWcK WKH VSHcLILcLW\ RI a PXOWLWXdH RI
aQWLJHQV aQd RWKHU SURWHLQV aOORZV WKHP WR bH LQcUHdLbO\ YHUVaWLOH. TKH\ RIIHU VHYHUaO adYaQWaJHV
RYHU WUadLWLRQaO PRQRVSHcLILc aQWLbRdLHV, VXcK aV WKH abLOLW\ WR VLPXOWaQHRXVO\ WaUJHW WZR
dLIIHUHQW aQWLJHQV, WKHLU HQKaQcHd UHVLVWaQcH WR LPPXQLW\, aQd WKH abLOLW\ WR WUHaW cRPSOH[
dLVHaVHV ZLWK PXOWLSOH SaWKRJHQLc SaWKZa\V. AV UHVHaUcK LQ WKLV ILHOd cRQWLQXHV WR adYaQcH, LW LV
OLNHO\ WKaW bLVSHcLILc aQWLbRdLHV ZLOO SOa\ aQ LQcUHaVLQJO\ LPSRUWaQW UROH LQ WKH dHYHORSPHQW RI
QHZ aQd HIIHcWLYH WUHaWPHQWV IRU a ZLdH UaQJH RI dLVHaVHV.

75 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



RHIHUHQFHV

1 AUQROd A. WKaW aUH aQWLbRdLHV aQd KRZ dR WKH\ ZRUN? H7 HHaOWK.
KWWSV://ZZZ.H7KHaOWK.cRP/SRVW/253/ZKaW-aUH-aQWLbRdLHV-aQd-KRZ-dR-WKH\-ZRUN/. PXbOLVKHd MaUcK 23,
2022. AccHVVHd MaUcK 29, 2023.

2 SHd\NK SE, PULQ] VV, BXQHYa VN, NHYLQVN\ GA. BLVSHcLILc aQWLbRdLHV: dHVLJQ, WKHUaS\, SHUVSHcWLYHV. DUXJ DHV
DHYHO TKHU. 2018;12:195-208 KWWSV://dRL.RUJ/10.2147/DDDT.S151282

3 FaQ G, WaQJ Z, HaR M, LL J. BLVSHcLILc aQWLbRdLHV aQd WKHLU aSSOLcaWLRQV. J HHPaWRO OQcRO. 2015;8:130.
dRL:10.1186/V13045-015-0227-0

4 KRQWHUPaQQ R. DXaO WaUJHWLQJ VWUaWHJLHV ZLWK bLVSHcLILc aQWLbRdLHV. PAbV. 2012;4(2):182-197.
dRL:10.4161/PabV.4.2.19000

5 CaUWHU P. A bLVSHcLILc UHYROXWLRQ. GHQHQWHcK: BUHaNWKURXJK VcLHQcH. OQH PRPHQW, RQH da\, RQH SHUVRQ aW a WLPH.
KWWSV://ZZZ.JHQH.cRP/VWRULHV/a-bLVSHcLILc-UHYROXWLRQ. PXbOLVKHd DHcHPbHU 8, 2017. AccHVVHd MaUcK 29,
2023.

6 BULQNPaQQ U, KRQWHUPaQQ RE. TKH PaNLQJ RI bLVSHcLILc aQWLbRdLHV. PAbV. 2017;9:2, 182-212, dRL:
10.1080/19420862.2016.1268307

7 CpVaU MLOVWHLQ. EQc\cORS dLa BULWaQQLca. KWWSV://ZZZ.bULWaQQLca.cRP/bLRJUaSK\/CHVaU-MLOVWHLQ#UHI700490.
PXbOLVKHd MaUcK 20, 2023. AccHVVHd MaUcK 29, 2023.

8 MLOVWHLQ C, CXHOOR AC. H\bULd K\bULdRPaV aQd WKHLU XVH LQ LPPXQRKLVWRcKHPLVWU\. NaWXUH.
1983;305(5934):537-540. dRL:10.1038/305537a0

9 AObHUWV B, JRKQVRQ A, LHZLV J, HW aO. MROHcXOaU BLRORJ\ RI WKH CHOO. 4WK HdLWLRQ. NHZ YRUN: GaUOaQd ScLHQcH; 2002.
B CHOOV aQd AQWLbRdLHV. AYaLOabOH IURP: KWWSV://ZZZ.QcbL.QOP.QLK.JRY/bRRNV/NBK26884/

10 ScKaHIHU W, HW aO. HHaY\ aQd OLJKW cKaLQ SaLULQJ RI bLYaOHQW TXadURPa aQd
NQRbV-LQWR-KROHV aQWLbRdLHV aQaO\]Hd b\ UHR-ESI-QTOF PaVV VSHcWURPHWU\. MAbV 2016; 8:49-55;
PMID:26496506; KWWS://d[.dRL.RUJ/10.1080/19420862.2015.1111498

11 DaYLV JH, ASHUOR C, LL Y, HW aO. SHHdbRdLHV: FXVLRQ SURWHLQV baVHd RQ SWUaQd-H[cKaQJH HQJLQHHUHd dRPaLQ
(SEED) CH3 KHWHURdLPHUV LQ aQ FC aQaORJXH SOaWIRUP IRU aV\PPHWULc bLQdHUV RU LPPXQRIXVLRQV aQd
bLVSHcLILc aQWLbRdLHV�. PURWHLQ EQJLQHHULQJ, DHVLJQ aQd SHOHcWLRQ. 2010;23(4):195-202.
dRL:10.1093/SURWHLQ/J]S094

12 RLdJZa\ JBB, PUHVWa LG, CaUWHU P. µKQRbV-LQWR-KROHV¶ SURYLdHV a UaWLRQaO dHVLJQ VWUaWHJ\ IRU HQJLQHHULQJ aQWLbRd\
CH3 dRPaLQV IRU KHaY\ cKaLQ KHWHURdLPHUL]aWLRQ. ImmXnoWechnolog\. 1996;2(1):73.
dRL:10.1016/1380-2933(96)80685-3

13 MHUcKaQW AM, ZKX Z, YXaQ JQ, HW aO. AQ HIILcLHQW URXWH WR KXPaQ bLVSHcLILc IGG. NaWXUH BLRWHcKQRORJ\.
1998;16(7):677-681. dRL:10.1038/QbW0798-677

14 MXda M, GURVV AW, DaZVRQ JP, HW aO. TKHUaSHXWLc aVVHVVPHQW RI VHHd: A QHZ HQJLQHHUHd aQWLbRd\ SOaWIRUP
dHVLJQHd WR JHQHUaWH PRQR- aQd bLVSHcLILc aQWLbRdLHV. PURWHLQ EQJLQHHULQJ DHVLJQ aQd SHOHcWLRQ.
2011;24(5):447-454. dRL:10.1093/SURWHLQ/J]T123

15 Ma J, MR Y, TaQJ M, HW aO. BLVSHcLILc aQWLbRdLHV: FURP UHVHaUcK WR cOLQLcaO aSSOLcaWLRQ. FURQWLHUV LQ IPPXQRORJ\.
2021;12. dRL:10.3389/ILPPX.2021.626616

76 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



<HVKLYD UQLYHUVLW\ JRXUQDO RI MHGLFLQH DQG DHQWLVWU\

RHYLHZ

TKH RLVNV DQG BHQHILWV RI TLWDQLXPMHGLFDO IPSODQWV
TKURXJK WKH CRQVFLRXV PUHYHQWLRQ RI OVWHRSRURVLV
NRD DH LRX\D

AEVWUDFW
TLWaQLXP PHdLcaO LPSOaQWV KaYH cKaQJHd WKH OLYHV RI PaQ\ LQdLYLdXaOV VXIIHULQJ IURP
RVWHRaUWKULWLV, PLVVLQJ WHHWK, VSLQaO LQMXU\, VcROLRVLV, KLS LQMXULHV, NQHH LQMXULHV, aQd PaQ\ RWKHU
bRQH IUacWXUHV RU bRQH UHOaWHd dLVHaVHV. HRZHYHU, VWXdLHV KaYH VKRZQ WKaW RVWHRSRURVLV LQ
SaWLHQWV dLVcRXUaJHV PaQ\ SK\VLcLaQV IURP SURcHHdLQJ ZLWK VXUJHULHV LQYROYLQJ WLWaQLXP PHdLcaO
LPSOaQWV dXH WR WKH KLJK ULVN RI bRQH IUacWXUH SRVW VXUJHU\ aQd ORZ RVWHRSHURWLc bRQH UHVRUSWLRQ.

TKLV cRPSOLcaWLRQ LV HVSHcLaOO\ UHOHYaQW aV QXPHURXV IacWRUV, LQcOXdLQJ ORQJHYLW\ dXH WR
H[SRQHQWLaO PHdLcaO adYaQcHPHQWV, XQKHaOWK\ ILWQHVV cXOWXUHV aQd JHQHUaWLRQaO LdHaOV, caQ
LQcUHaVH YXOQHUabLOLW\ WR RVWHRSRURVLV. IQ WXUQ, LI VRcLHW\ LV cRQVcLRXV abRXW WKHVH IacWRUV aQd
acWLYHO\ LPSOHPHQWV Za\V WR SUHYHQW RVWHRSRURVLV, SaWLHQWV caQ WaNH adYaQWaJH RI WKHVH PHWaO
PHdLcaO LPSOaQWV. NHYHUWKHOHVV, VRPH cRQcHUQV KaYH bHHQ UaLVHd abRXW WLWaQLXP PHdLcaO
LPSOaQWV aQd WKH HIIHcWV WKH\ Pa\ KaYH RQ DNA YLa cRUURVLRQ. TKLV cHUWaLQO\ dRHV QRW PHaQ
dLVcRQWLQXLQJ WKH XVH RI WKHVH LPSOaQWV, bXW HdXcaWLQJ SaWLHQWV RQ WKH SRWHQWLaO ULVNV aOORZV IRU aQ
LQIRUPHd dLVcXVVLRQ ZLWK WKH SK\VLcLaQ RQ ZKHWKHU WKH LPSOaQW LV QHHdHd RU LI WKHUH aUH VXLWabOH
aOWHUQaWLYHV. AddLWLRQaOO\, WHacKLQJ WKH SaWLHQW WKH QHcHVVaU\ SUHcaXWLRQV WR LPSURYH WKHLU bRQH
KHaOWK IacLOLWaWHV WKH SK\VLcLaQ¶V dHcLVLRQ aQd aOORZV KLP WR bH PRUH HIILcLHQW ZLWK KLV WLPH.
FXUWKHUPRUH, RQJRLQJ UHVHaUcK RQ WKHVH SRSXOaU LPSOaQWV, bULQJV WKH PHdLcaO cRPPXQLW\ RQH
VWHS cORVHU WR ILQdLQJ PRUH HIIHcWLYH VWUaWHJLHV IRU SUHYHQWLQJ WKH SRWHQWLaO ULVNV RI WLWaQLXP PHWaO
aV ZHOO aV LdHQWLI\LQJ PRUH VXLWabOH PaWHULaOV. FROORZLQJ WKH dLVcXVVLRQ RQ RVWHRSRURVLV
UHOHYaQcH, WKLV UHYLHZ ZLOO H[aPLQH WKH WR[LcRORJLcaO HIIHcWV RI WLWaQLXP PHdLcaO LPSOaQWV aQd
aVVHVV ZKHWKHU OLWHUaWXUH cRQVLdHUV WKHP WR bH QHJOLJLbOH LQ WKH OaUJHU cRQWH[W. RRbXVW UHVHaUcK
VWXdLHV KaYH cRQcOXdHd WKaW WKH bHQHILWV RI PHWaO PHdLcaO LPSOaQWV RXWZHLJK WKH ULVNV aQd VKRXOd
LQVSLUH SHRSOH WR bH SUHcaXWLRXV RI WKHLU bRQH KHaOWK LQ RUdHU WR WaNH adYaQWaJH RI ZKaW WKHVH
LPSOaQWV KaYH WR RIIHU.

IQWURGXFWLRQ
OVWHRSRURVLV LV a dHJHQHUaWLYH bRQH dLVHaVH WKaW RccXUV ZKHQ bRQH dHQVLW\ dHcUHaVHV, OHadLQJ WR
bULWWOH aQd ZHaN bRQH WKaW LV PRUH VXVcHSWLbOH WR IUacWXUHV.1 WKLOH a P\ULad RI IacWRUV caQ
cRQWULbXWH WR WKH dHYHORSPHQW RI WKLV dLVHaVH2, WKLV UHYLHZ IRcXVHV RQ WKH LPSacW RI aJH, dLHW aQd
SK\VLcaO acWLYLW\, JHQdHU (LQ WHUPV RI KRUPRQaO cKaQJHV), aQd dUXJ PLVXVH.
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Age
WLWK WKH H[SRQHQWLaO PHdLcaO adYaQcHPHQWV, LQcOXdLQJ YaccLQHV, aQWLbLRWLcV aQd PHdLcaO
WHcKQRORJ\, ORQJHYLW\ KaV VLJQLILcaQWO\ LQcUHaVHd. UQIRUWXQaWHO\, a ORQJHU OLIH dRHV QRW VORZ
dRZQ WKH QaWXUaO dHJHQHUaWLRQ RI bRQH, WKXV RQH Pa\ bH PRUH VXVcHSWLbOH WR RVWHRSRURVLV.3

GendeU/hoUmonal changeV and lifeVW\le (ph\Vical acWiYiW\, dieW, dUXg miVXVe, alcohol)
WRPHQ aUH QaWXUaOO\ PRUH YXOQHUabOH WR RVWHRSRURVLV dXH WR PHQRSaXVH, dXULQJ ZKLcK HVWURJHQ
OHYHOV aUH VLJQLILcaQWO\ ORZHU OHadLQJ WR dHJHQHUaWLRQ RI WKH bRQH.1 OQ WKH RWKHU KaQd, aOWKRXJK LW
LV SRVVLbOH IRU PHQ WR VXIIHU IURP RVWHRSRURVLV ZLWK WLPH, LW LV JHQHUaOO\ PRUH SURPLQHQW ZKHQ LW
LV VHOI-LQdXcHd. IQ UHcHQW \HaUV, PHQ Pa\ KaYH bHcRPH PRUH VXVcHSWLbOH WR RVWHRSRURVLV dXH WR
WKH KXJH VXUJH LQ ³ILWQHVV cXOWXUH´, ³ZHLJKWOLIWLQJ cXOWXUH´ aQd cRQVcLRXVQHVV RI bRd\ LPaJH.
AOWKRXJK WKHUH KaV bHHQ a KHaOWK\ LQcUHaVH LQ aZaUHQHVV RI SK\VLcaO KHaOWK aIWHU COVID-19,
VRcLaO PHdLa SOaWIRUPV KaYH aOORZHd PaQ\ LQH[SHULHQcHd LQdLYLdXaOV WR SURPRWH
RYHU-H[HUcLVLQJ2 aQd XQaWWaLQabOH SK\VLcaO JRaOV WKaW UHTXLUH XQKHaOWK\ KabLWV, OLNH VWHURLd
XSWaNH,1 ZKLcK KaV aOVR bHHQ VKRZQ WR LQcUHaVH VXVcHSWLbLOLW\ WR RVWHRSRURVLV. RHVHaUcK cRQILUPV
WKaW WRR OLWWOH H[HUcLVH RU RYHU-H[HUcLVLQJ4 LQ KLJK cRQWacW VSRUWV RU ZRUNRXWV caQ bH KLJKO\
daPaJLQJ WR bRQHV aQd MRLQWV.2 HRZHYHU, cRUUHcW aQd ZHOO SUacWLcHd H[HUcLVH caQ, RQ WKH cRQWUaU\,
bH bHQHILcLaO aQd UHSaUaWLYH IRU LQdLYLdXaOV ZLWK RVWHRSRURVLV.4 AddLWLRQaOO\, VPRNLQJ aQd
dULQNLQJ (IacWRUV cRQWULbXWLQJ WR RVWHRSRURVLV)3 KaYH bHcRPH PRUH QRUPaOL]Hd WKURXJK VRcLaO
PHdLa SOaWIRUPV ZKLcK RIIHU a PRUH HIILcLHQW aQd aWWUacWLYH Za\ WR SURPRWH WKHVH acWLYLWLHV, WR
aOO aJH UaQJHV.

OVWeopoUoViV and meWal-bone UeplacemenW VXUgeU\
WKHQ a PHWaO LPSOaQW LV SOacHd ZLWKLQ a bRQH, LW PXVW ILUVW bH VWabLOL]Hd b\ WKH bRQH LWVHOI aQd
SURcHHd ZLWK RVVHRLQWHJUaWLRQ5, ZKLcK LV ZKHQ WKH bRQH WLVVXH IXVHV RQWR WKH PHWaO LPSOaQW
aQcKRULQJ LW LQWR WKH RULJLQaO bRQH, aQRWKHU WHUP IRU WKLV SKHQRPHQRQ LV ³bLRORJLcaO IL[aWLRQ.´6

HRZHYHU, ZKHQ WKH bRQH LV RVWHRSRURWLc, WKHUH LV a 25% bRQH PaVV dHcUHaVH aQd LWV
UHJHQHUaWLRQ7 aQd RVVHRLQWHJUaWLRQ abLOLWLHV SOXPPHW.8 TKLV UHVXOWV LQ a PaMRU LQcUHaVH LQ PaUURZ
VSacH ZKLcK PaNHV WKH bRQH IUaJLOH aQd LW LV QR ORQJHU VWURQJ HQRXJK WR VXSSRUW a PHWaO LPSOaQW.7

UQIRUWXQaWHO\, IUacWXUH UHcRQVWUXcWLYH KabLOLWaWLRQ KaV bHcRPH a JUHaW cKaOOHQJH IRU VXUJHRQV.9

IQ WKH caVH RI KLS LPSOaQWV, WKH PHWaO VKHOO ILWV LQWR WKH SHOYLV aQd a cHUaPLc baOO WKaW LV aWWacKHd
WR a PHWaO SLHcH LV LQVHUWHd LQWR WKH WKLJK bRQH.10 A VWXd\ dRQH b\ BRWWaL, VaQQa HW aO. WHVWHd WKH
WKUHH SRWHQWLaO cRPSOLcaWLRQV: ³SHULRSHUaWLYH IUacWXUH, aQ LQcUHaVHd ULVN RI SHULSURVWKHWLc IUacWXUH,
aQd OaWH aVHSWLc ORRVHQLQJ´ LQ SaWLHQWV QHHdLQJ a WRWaO KLS aUWKURSOaVW\ aIWHU XQVXccHVVIXO PHdLcaO
WKHUaS\.5 OQH RI WKHVH SaWLHQWV Kad RVWHRaUWKULWLV ZKLcK LV a dLVHaVH WKaW dHVWUR\V WKH MRLQWV. AV
RVWHRaUWKULWLV LV SUHVHQW LQ ROdHU SaWLHQWV, WKH aJLQJ SURcHVV OHd WR RVWHRSRURVLV aV ZHOO. IQ IacW,
74% RI IHPaOH OA SaWLHQWV KaYH RVWHRSRURVLV VLPXOWaQHRXVO\.5 CRQVHTXHQWO\, WKH VXUJHRQ LV
XQabOH WR SURcHHd ZLWK WKH VXUJHU\ aQd KaV WR ZaLW XQWLO WKH SaWLHQW UHJaLQV bRQH KHaOWK. TKLV WLPH
LQWHUYaO RIIHUV PRUH RSSRUWXQLW\ IRU IXUWKHU cRPSOLcaWLRQV. FLJXUH 1 dHSLcWV aQ X-Ua\ RI a
SHULSURVWKHWLc IUacWXUH LQ aQ RVWHRSRURVLV SaWLHQW.
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FLJXUH 1. PeUipUoVWheWic fUacWXUe in an oVWeopoUoViV paWienW.5

TKH IUacWXUH caQ bH QRWLcHd RQ WKH ORZHU ULJKW RI WKH IHPXU bRQH. TKLV ZaV caXVHd b\ WKH OacN RI
VXSSRUW RI WKH PHWaO LPSOaQW b\ WKH IUaJLOH IHPXU bRQH.5 AddLWLRQaOO\, FLJXUH 2 bHORZ dHSLcWV WKH
aVHSWLc ORRVHQLQJ RI WKH LPSOaQW dXH WR H[cHVV PaUURZ VSacH.
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FLJXUH 2. AVepWic looVening in paWienW ZiWh h\peUpaUaWh\UoidiVm.5

TKH VWXd\ cRQcOXdHV b\ OLVWLQJ VRPH RI WKH IacWRUV WKaW caQ OHad WR RVWHRSRURVLV OLNH cKURQLc dUXJ
XVH, aOcRKRO abXVH, ORZ caOcLXP LQWaNH, HcW. TKH UHVXOWV VWURQJO\ LQdLcaWH WKaW SK\VLcLaQV VKRXOd
cRQdXcW a WKRURXJK aQaO\VLV RI WKH SaWLHQW¶V bRQH KHaOWK bHIRUH VXUJHU\,11 VXcK aV dRLQJ
dHQVLWRPHWULc VcaQQLQJ aQd bRQH dHQVLW\ WHVWLQJ.8 TKHUH VKRXOd aOVR bH UHJXOaU UadLRORJLcaO
VXUYHLOOaQcH RI RVWHRSRURVLV aQd cRQVcLRXV HIIRUW WR LPSURYH LW. AOWHUQaWLYHO\, LI WKH SK\VLcLaQ
MXdJHV WKaW aOWKRXJK WKH bRQH LV RVWHRSHURWLc, VXUJHU\ LV SRVVLbOH, WKHQ a ORQJHU LPSOaQW LV XVHd.12

AV dLVcXVVHd, RVWHRSRURVLV caQ bH a caXVH RI LPSOaQW IaLOXUH, \HW aUH WKHUH JHQRWR[Lc aQd
c\WRWR[Lc HIIHcWV RQ WKH PROHcXOaU OHYHO? DRHV WLWaQLXP PHWaO aOVR aIIHcW WKH bRQH aQd LWV
VXUURXQdLQJ WLVVXHV?

MHWDO MHGLFDO IPSODQW DQG ASSOLFDWLRQ
MHdLcaO LPSOaQWV aUH dHYLcHV RU WLVVXHV WKaW aUH LQVHUWHd LQVLdH RI WKH bRd\ XVHd WR LPSURYH RQH¶V
KHaOWK aQd/RU UHSOacH a IXQcWLRQ ORVW dXH WR bRd\ PaOIXQcWLRQV RU accLdHQWV.13 TKHVH PHdLcaO
dHYLcHV VKRXOd bH cRUURVLRQ UHVLVWaQW, bLRcRPSaWLbOH, bLR-adKHVLYH, bLR-IXQcWLRQaO, SURcHVVabOH
aQd aYaLOabOH WR bH LQQRcXRXV LQ bRdLO\ IOXLdV.13 SRPH cRPPRQ PaWHULaOV aUH PHWaOV, cHUaPLcV,
SRO\PHUV, aQd cRPSRVLWHV. TKHVH PaWHULaOV aUH IUHTXHQWO\ XVHd IRU cRVPHWLc aQd KHaOWK SXUSRVHV.

80 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



AQRWKHU cRPPRQ PHWaO PHdLcaO LPSOaQW LV WKH WLWaQLXP KLS LPSOaQW. TKHVH LPSOaQWV aUH XVHd aV a
UHSOacHPHQW IRU daPaJHd RU ZRUQ RXW KLS MRLQWV. JXVW OLNH a KXPaQ KLS MRLQW, WKH WLWaQLXP LPSOaQW
cRQVLVWV RI a WLWaQLXP VWHP ZKLcK LV LQVHUWHd LQWR WKH IHPXU ZLWK a PHWaO baOO aW WKH WRS WKaW ILWV
LQWR a WLWaQLXP VRcNHW WKaW LV LPSOaQWHd LQWR WKH SHOYLV, ULJKW ZKHUH WKH baOO-aQd-VRcNHW RI a
KHaOWK\ LQdLYLdXaO MRLQW ZRXOd W\SLcaOO\ PHHW.9 TKH LPSOaQW WKXV KaV dLUHcW cRQWacW ZLWK WKH bRQH
aQd WKH VXUURXQdLQJ WLVVXHV, OLNH PXVcOH aQd cRQQHcWLYH WLVVXH.14

MHWDO DV D MHGLFDO IPSODQW MDWHULDO
TLWaQLXP PHWaO LV a SRSXOaU PaWHULaO XVHd LQ PHdLcaO LPSOaQWV VLQcH LW abLdHV WR WKH aSSURSULaWH
cKaUacWHULVWLcV PHQWLRQHd HaUOLHU ZKLcK LV VXSSRVHdO\ KaUPOHVV LQ bRdLO\ IOXLdV. TKLV PHWaO LV
HVSHcLaOO\ cRUURVLRQ UHVLVWaQW aQd KaV H[cHOOHQW bLRcRPSaWLbLOLW\. HRZHYHU, WLWaQLXP LV a UaUH aQd
cRVWO\ PaWHULaO LQ LWV SXUH IRUP, WKXV WLWaQLXP aOOR\V, OLNH TL-6AI-4V aUH PRVWO\ XVHd LQ WKH PHWaO
PHdLcaO LPSOaQW LQdXVWU\. TKHVH aOOR\V aUH cRPSRVHd RI 90% WLWaQLXP aQd 6% aOXPLQXP, 4%
YaQadLXP aQd WUacHV RI R[\JHQ.15 RHJaUdLQJ WLWaQLXP MRLQW UHSOacHPHQWV OLNH KLS LPSOaQWV,
UHVHaUcK aOVR VXJJHVWV VLPLOaU SRWHQWLaO ULVNV aV dLVcXVVHd. A VWXd\ dRQH b\ GaMVNL HW aO., VXJJHVW
WKaW WKH ZHaU RI KLS LPSOaQWV cRPSRVHd RI TL6AO4V aQd CRCUMR caQ OHad WR dHbULV WKaW caQ
accXPXOaWH LQ bRQH PaUURZ aQd caXVH cKURPRVRPH abHUUaWLRQV, JLYHQ WKaW WKH URd LV HPbHddHd
LQ WKH IHPXU aQd WKH UHVW RI WKH LPSOaQWV LV adMacHQW WR VRIW WLVVXHV.16 TKH H[cHVV PaUURZ VSacH LQ
RVWHRSRURVLV SaWLHQWV Pa\ aOORZ IRU a JUHaWHU accXPXOaWLRQ. TKH VWXd\ IRcXVVHd RQ aQaO\]LQJ
PaWHULaOV cRPPRQO\ XVHd LQ WRWaO KLS MRLQW UHSOacHPHQWV, LQ YLWUR PRdHOV, YLa LQYHVWLJaWLRQ RI
c\WRWR[Lc aQd JHQRWR[Lc HIIHcWV RQ KXPaQ SHULSKHUaO bORRd O\PSKRc\WHV. AIWHU SHUIRUPLQJ
VHYHUaO H[SHULPHQWV, OLNH cKHPLcaO cKaUacWHUL]aWLRQ, LQdXcWLRQ RI DNA VWUaQd bUHaNV,
PLcURQXcOHL aVVa\, aQd PRUH, WKH UHVXOWV LQdLcaWHd WKaW WKHUH ZaV QR VLJQLILcaQW JHQRWR[Lc HIIHcW
RQ KXPaQ SHULSKHUaO bORRd O\PSKRc\WHV.16 HRZHYHU, aQRWKHU WHVW caOOHd SaUWLcOH PRUSKRORJ\
aVVHVVPHQW WKaW VWXdLHV WKH SK\VLcaO SURSHUWLHV aQd VKaSH RI SaUWLcOHV, VKRZHd WKaW WKH ZHaU
dHbULV ZHUH YHU\ VPaOO, PaNLQJ WKHP KLJKO\ UHacWLYH WR WKHLU VXUURXQdLQJV VLQcH VXbPLcURQ
SaUWLcOHV KaYH OaUJHU VXUIacH aUHa. TKH ZHaU dHbULV caQ WKHUHIRUH HaVLO\ LQWHUacW ZLWK VXUURXQdLQJ
PHdLa aQd caXVH LQIOaPPaWRU\ UHVSRQVHV aQd WLVVXH daPaJH. AV a UHVXOW RI WKH ZHaU dHbULV, aQ
LQWHUIacH bHWZHHQ WKH bRQH aQd WKH LPSOaQW LV cUHaWHd. IQ WXUQ, IRUHLJQ- bRd\ JUaQXOaWLRQ WLVVXH
UHVSRQVH LQYadHV WKH aYaLOabOH VSacH caXVLQJ LQIOaPPaWLRQ ZKLcK acWLYaWHV RVWHRcOaVWV WKaW
XOWLPaWHO\ bUHaN dRZQ WKH bRQH UHVXOWLQJ LQ a SURJUHVVLYH ORcaO RVWHRO\VLV.17 TKLV HIIHcW
HOLPLQaWHV WKH aQcKRULQJ RI WKH LPSOaQW LQ WKH SUHYLRXVO\ KHaOWK\ IHPRUaO bRQH. IQ RVWHRSRURVLV
SaWLHQWV, LQdXcHd RVWHRO\VLV RccXUV LQ addLWLRQ WR WKH LQLWLaO VLJQLILcaQW LQWHUIacH bHWZHHQ WKH bRQH
aQd WKH PHWaO, OHadLQJ WR a SRVVLbOH JUaYH IUacWXUH.17 TKH VWXd\ aOVR PHQWLRQV KRZ WKLV caQ
LQcUHaVH PHWaO LRQ OHYHOV LQ RUJaQ VLWHV. AOWKRXJK WKH RYHUaOO UHVHaUcK VXJJHVWV WKaW WKHUH LV QR
caUcLQRJHQLc HIIHcW, VRPH JHQRWR[Lc WHVWV aUH cRQWUadLcWRU\ aQd WKH SaUWLcOH HIIHcW caQ aOVR OHad WR
QHJaWLYH HIIHcWV, WKXV IXUWKHU SaUaPHWHUV QHHd WR bH addUHVVHd.16
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AQRWKHU UHYLHZ dRQH b\ CRHQ HW aO., IRcXVHV RQ VWXd\LQJ WKH HIIHcWV RI WKH dHbULV RI a VSHcLILc
cRQcHQWUaWLRQ ZKLOH WKH SUHYLRXVO\ dLVcXVVHd aUWLcOH WHVWHd WKH acWXaO cRQcHQWUaWLRQ RI dHbULV LQ
bORRd O\PSKRc\WHV ZKLcK ZaV IRXQd WR KaYH QR/PLQLPaO JHQRWR[Lc HIIHcW.18 IQ WKLV VWXd\ WKH
LQLWLaO VWRcN VROXWLRQ Kad a dHQVH WLWaQLXP dHbULV cRPSRVLWLRQ. TKH H[SHULPHQW cRQVLVWHd RQ
cXOWXULQJ ILbURbOaVW cHOOV LQ PHdLXP aQd H[SRVLQJ WKHP WR dLIIHUHQW cRQcHQWUaWLRQV RI WLWaQLXP
dHbULV ZKLcK ZaV H[WUacWHd IURP a SaWLHQW¶V SHULSURVWKHWLc WLVVXH ZKR XQdHUZHQW UHYLVLRQ WRWaO
KLS aUWKURSOaVW\. TKH KLJKHU dLOXWLRQV Kad a ORZHU LQdLcaWLRQ RI XQVWabOH abHUUaWLRQ cRPSaUHd WR
KLJKHU cRQcHQWUaWLRQ. RHVXOWV RI WKLV H[SHULPHQW VXJJHVWHd WKaW WLWaQLXP dHbULV caQ caXVH
cKURPRVRPaO abHUUaWLRQV. TKH\ IRXQd WKaW WKLV cKURPRVRPaO LQVWabLOLW\ ZaV WUaQVPLWWHd WR WKH
SURJHQ\ RI KXPaQ ILbURbOaVW cHOOV. AOWKRXJK WKLV aUWLcOH VXJJHVWV WKaW WKHUH ZHUH VLJQLILcaQW
c\WRWR[Lc/JHQRWR[Lc HIIHcWV, LW Pa\ bH baVHd RQ WKH IacW WKaW WKH cHOOV ZHUH dLUHcWO\ H[SRVHd WR
KLJKHU cRQcHQWUaWLRQV RI WLWaQLXP dHbULV.18 AV LW ZaV ZHOO UHVHaUcKHd, WLWaQLXP PHWaO KaV ORZ
cRUURVLRQ UaWHV aQd LW ZRXOd WKHUHIRUH bH XQOLNHO\ WKaW WKH VXUURXQdLQJ WLVVXH bH H[SRVHd WR aV
KLJK RI a cRQcHQWUaWLRQ. TKH YHUdLcW UHPaLQV WKaW, aV WKH ILUVW aUWLcOH PHQWLRQHd, WKH HIIHcWV aUH
QHJOLJLbOH, KRZHYHU VWXdLHV VKRXOd bH cRQWLQXRXV RQ WKLV WRSLc.

TKH IXUWKHU VHcWLRQ dLVcXVVHV WKHVH bLRORJLcaO SURcHVVHV aW a PRUH bLRcKHPLcaO OHYHO.

MHWDO CRUURVLRQ LQ WKH BRG\ DQG LWV GHQRWR[LF EIIHFWV
TL-6AI-4V, TLWaQLXP aOOR\ LV JHQHUaOO\ NQRZQ WR KaYH ORZ cRUURVLRQ UaWHV, JRRd
bLRcRPSaWLbLOLW\, aQd ORZ WR[LcLW\.19 HRZHYHU, VRPH VWXdLHV KaYH VKRZQ WKaW WKH cRPSRQHQWV RI
WKH aOOR\, OLNH YaQadLXP, caQ bH PRUH cRUURVLYH aQd caQ OHad WR LOOQHVVHV OLNH SHULSKHUaO
QHXURSaWK\, RVWHRPaOacLa aQd AO]KHLPHU¶V dLVHaVH.19 OQ WKH RWKHU KaQd, IXUWKHU VWXdLHV VXJJHVW
WKaW WLWaQLXP LWVHOI caQ cRUURdH RYHU WLPH aQd XOWLPaWHO\ caXVH VHYHUH LQIOaPPaWLRQ WR LWV
VXUURXQdLQJ WLVVXHV.20

EVVHQWLaOO\, cRUURVLRQ dXH WR SRVVLbOH R[LdaWLRQ caXVHV WKH UHOHaVH RI PHWaO LRQV, ZKLcK aUH
caWLRQV, VKRZQ WR bH QRQ-bLRcRPSaWLbOH ZLWK WKH KXPaQ bRd\, SaUWLcXOaUO\, WR[Lc WR WKH JHQRPH.
TKHVH PHWaO LRQV caQ caXVH VPaOO dHYLaWLRQV IURP QRUPaO OHYHOV RI R[LdaWLYH VWUHVV WKaW RccXU
QaWXUaOO\ b\ R[LdaWLYH SKRVSKRU\OaWLRQ IRU ZKLcK KRPHRVWaVLV caQQRW bH UHVWRUHd. TKLV XQKHaOWK\
aPRXQW RI R[LdaWLRQ caQ OHad WR acXWH aQd cKURQLc WR[LcLW\, OLNH caQcHU.19 TKH cRUURVLRQ RI
WLWaQLXP R[LdH UHOHaVHV TL4+ aQd 2O-2 LQWR bRd\ IOXLdV aQd WLVVXHV ZKLcK RIIHU HaV\ accHVV WR
DNA. EacK RI WKHVH LRQV UHacW LQ SaUWLcXOaU Za\V WKaW XOWLPaWHO\ OHad WR DNA daPaJH. TKH
LQWHUacWLRQV RI WKHVH LRQV aQd DNA ZLOO bH dLVcXVVHd LQdLYLdXaOO\ bHORZ.

DXH WR VHOHcWLYH SHUPHabLOLW\ RI WKH PHPbUaQHV, WKH TL4+caWLRQV HQWHU WKH cHOO WKURXJK LRQ
cKaQQHOV aQd aUH UHOHaVHd LQ WKH bRd\ IOXLdV aQd WLVVXHV VXUURXQdLQJ WKH PHWaO LPSOaQW aQd WKH
SRVLWLYHO\ cKaUJHd VSHcLHV UHacWV ZLWK WKH QHJaWLYHO\ cKaUJHd bacNbRQH RI DNA aQd LWV HOHcWURQ
dRQRU baVH SaLUV. TKH PHWaO caWLRQ caQ LQWHUacW cRPSOHWHO\ ZLWK DNA baVHV OHadLQJ WR DNA
bUHaNaJH. AOWHUQaWLYHO\, WKH PHWaO LRQ caQ SaUWLaOO\ bRQd WR ZaWHU PROHcXOHV IRXQd LQ bRd\ IOXLdV,
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cUHaWLQJ a cRPSOH[ LRQ WKaW caQ K\dURJHQ bRQd WR DNA.19 WaWHU bRQdHd WR a PHWaO LRQ, a
cRPSOH[ LRQ, VLJQLILcaQWO\ LQIOXHQcHV VWURQJ K\dURJHQ bRQdLQJ OHadLQJ WR WKH UXSWXUH RI
K\dURJHQ bRQdLQJ bHWZHHQ baVH SaLUV aQd XOWLPaWHO\, VLJQLILcaQW DNA bUHaNaJH.19

AV IRU WKH LQWHUacWLRQ RI O2 ZLWK DNA, R[LdaWLYH daPaJH caQ WaNH SOacH aQd dLVUXSW WKH dRXbOH
KHOL[ VWUXcWXUH.21 TKH SURdXcWLRQ RI ROS, UHacWLYH R[LdaWLRQ VSHcLHV, caQ UHVXOW IURP KRPRO\WLc
bUHaNaJH RI WKH R[\JHQ aWRPV aIWHU WKH dLVVRcLaWLRQ IURP WKH PHWaO LRQ RccXUULQJ WKURXJK
cRUURVLRQ LQ bLRORJLcaO V\VWHPV.21 AddLWLRQaOO\, WKLV R[\JHQ LRQ caQ JaLQ a VLQJOH XQSaLUHd
HOHcWURQ aQd bHcRPH a IUHH UadLcaO. BHcaXVH WKH ROS aUH XQVHOHcWLYH aQd H[WUHPHO\ XQVWabOH,
WKH\ ZLOO UHacW ZLWK WKH HOHcWURQ dRQRU baVH SaLUV UHVXOWLQJ LQ WKH IRUPaWLRQ RI
8-K\dUR[\JXLQLQH.19 SXbVHTXHQWO\ WR a UadLcaO VXbVWLWXWLRQ UHacWLRQ, aQRWKHU KRPRO\WLc ILVVLRQ
caQ WaNH SOacH cUHaWLQJ a UadLcaO OH JURXS bRQdHd WR baVH SaLUV ZKLcK caQ UHacW XQ-VHOHcWLYHO\
ZLWK aOO WKH cRPSRQHQWV RI WKH DNA PROHcXOH. PXULQHV aQd S\ULPLdLQHV ZLOO bH daPaJHd aQd
ORVH WKHLU RULJLQaO VWUXcWXUHV. TKLV UHaUUaQJHPHQW HYHQWXaOO\ aOWHUQaWHV DNA SK\VLRORJLcaOO\.19

TKH PXWaWLRQV UHVXOWLQJ IURP WKLV PaOIXQcWLRQ caQQRW bH UHSaLUHd b\ cKHcNSRLQW SURWHLQV, IRU
LQVWaQcH DNA SRO\PHUaVH, JLYHQ WKaW WKH SURWHLQV KaYH aOVR bHHQ LQKLbLWHd b\ PHWaO LRQV.19

TKH IXUWKHU VHcWLRQ dLVcXVVHV LQ PRUH dHWaLO WKH dLUHcW daPaJH WKHVH SURcHVVHV caXVH aQd KRZ
DNA LV daPaJHd.

AQDO\VLV RI DNA DDPDJH LQ AVVRFLDWLRQ ZLWK MHWDO CRUURVLRQ
EVVHQWLaOO\, DNA VWRUHV aOO JHQHWLc LQIRUPaWLRQ. OQcH LW LV daPaJHd RU aOWHUHd, HUURU LQ DNA
VWUXcWXUH RccXUV, XOWLPaWHO\ caXVLQJ PXWaWLRQV WKaW caQ KaYH a dHWULPHQWaO HIIHcW RQ WKH cHOO¶V
IXQcWLRQ.19 IQ WKH caVH WKaW WKLV daPaJH caXVHV PXOWLSOH abQRUPaOLWLHV LQ WKH VHTXHQcH RI DNA,
WKH cHOO SUROLIHUaWHV XQcRQWUROOabO\ aQd XOWLPaWHO\ caXVHV caQcHU.19 HRZHYHU, cHOOV KaYH VHYHUaO
PHcKaQLVPV WKaW LQWHQd WR UHSaLU WKH daPaJH, bXW LQ caVH WKaW WKH daPaJH LV WRR VHYHUH WR UHSaLU,
WKHVH PHcKaQLVPV WULJJHU cHOO dHaWK, aOVR NQRZQ aV aSRSWRVLV.19 II WKHVH PHcKaQLVPV aUH
LQKLbLWHd RU dR QRW IXQcWLRQ SURSHUO\, WKH ULVN RI dLVHaVH LQcUHaVHV VLQcH WKHUH LV aQ accXPXOaWLRQ
RI IaLOHd WR UHSaLU HUURUV LQ DNA VWUXcWXUH RU VHTXHQcH. WLWK aOO RI WKLV VaLd, PLQLPL]LQJ ULVNV
aQd aWWHQXaWLQJ IacWRUV WKaW aUH UHVSRQVLbOH IRU DNA daPaJH LV YLWaO WR SUHYHQW dLVHaVHV aQd
PaOIXQcWLRQ RI cHOOXOaU UHSaLU PHcKaQLVPV.19

MLcURQXcOHXV aVVa\V aQd cRPHW aVVa\V ZHUH SHUIRUPHd WR SURYH WKHVH JHQRWR[Lc HIIHcWV. TKH
PLcURQXcOHXV aVVa\ HYaOXaWHV DNA bUHaNaJH aQd JHQHWLc aOWHUaWLRQV.19 TKHVH PaOIXQcWLRQV aUH
PRQLWRUHd WKURXJK WKH IUHTXHQc\ RI PLcURQXcOHaWHd cHOOV. IQ aQ H[SHULPHQW, WKH IUHTXHQc\ RI
PLcURQXcOHaWLRQ ZaV dHWHUPLQHd LQ 1000 bLQXcOHaWHd cHOOV ZLWK a ZHOO-SUHVHUYHd c\WRSOaVP.
AIWHU RbVHUYaWLRQ, WKHUH ZaV a dLIIHUHQcH LQ bLQXcOHL RQO\ aW SaUWLcXOaUO\ KLJKHU cRQcHQWUaWLRQV,
75% aQd 100%, aW WKH WKLUd WUHaWPHQW 25 aQd 26, UHVSHcWLYHO\, cRPSaUHd WR WKH cRQWURO LQdLcaWHd
WR bH 15.19 TKH cRPHW aVVa\, aQRWKHU PHWKRd RI DNA daPaJH dHWHUPLQaWLRQ, HYaOXaWHV DNA
bUHaNaJH XVLQJ HOHcWURSKRUHVLV. TKH QXPbHU RI DNA bUHaNV aUH UHIOHcWHd WKURXJK WKH

83 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



cRPSaULVRQ RI WKH cRPHW¶V KHad aQd WaLO LQWHQVLW\. TKH cRPHW aVVa\ LQdLcaWHd WKaW YaQadLXP
cUHaWHV DNA bUHaNaJH LQ WKH OLYHU, NLdQH\, OXQJV, aQd VSOHHQ.22

OWKHU PHWKRdV RI VWXd\ ZHUH XVHd WR dHWHcW DNA daPaJH LQdLUHcWO\ JLYHQ WKH UHOaWLRQVKLS
bHWZHHQ PHWaO LRQV aQd DNA daPaJH.23 A VWXd\ dRQH b\ SHdaUaW eW al. (2001) XVHd abVRUSWLRQ
VSHcWURVcRS\ WR PRQLWRU WKH UHOHaVH RI PHWaOOLc LRQV IURP WKH TL-6AI-4V aOOR\ RYHU a SHULRd RI 96
da\V LQ a VROXWLRQ WKaW VLPXOaWHd WKH cRPSRVLWLRQ RI bRd\ IOXLdV.23 TKH VWXd\ b\ SHdaUaW eW al.
(2001) VKRZHd WKaW aOXPLQXP aQd WLWaQLXP Kad a cRQVWaQW UHOHaVH RI LRQV dXULQJ WKH 96 da\V.
HRZHYHU, YaQadLXP UHOHaVHd LRQV RQO\ RQ WKH ILUVW 6 da\V.23 AddLWLRQaOO\, a VWXd\ SHUIRUPHd b\
VHQdLWWROL eW al (2010), ORRNHd aW WKH bORRd cRQcHQWUaWLRQV WKaW VKRZHd YaULRXV LRQV IURP WKHVH
PHWaOOLc dHYLcHV.14 TKH LRQ cRQcHQWUaWLRQ LQ LQdLYLdXaOV ZLWK PHWaO LPSOaQWV ZaV VLJQLILcaQWO\
JUHaWHU WKaQ LQdLYLdXaOV ZLWKRXW WKH dHYLcHV.14 AOWKRXJK cRUURVLRQ aQd LRQ UHOHaVH Pa\ RccXU,
cRPSLOHd UHVXOWV MXdJH WKaW WKH bHQHILWV RI WLWaQLXP LPSOaQWV VXUSaVV WKH RYHUaOO HIIHcWV.5

TR aYRLd WKH SURbOHPV dLVcXVVHd abRYH, LW LV LPSRUWaQW WR bH aZaUH RI aQ\ XQXVXaO SaLQ LQ WKH
KLS, JURLQ RU WKLJK, LQ WKH caVH RI a KLS UHSOacHPHQW aQd UHSRUW WR a dRcWRU IRU UHYLVLRQ. LLPLWHd
PRbLOLW\, IHYHU, LQIOaPPaWLRQ Pa\ aOVR bH V\PSWRPV UHOaWHd WR a IaLOHd UHSOacHPHQW.24

CRQFOXVLRQ
AOWKRXJK OLIH caQ JHW bXV\, LW LV LPSHUaWLYH WR PaNH SK\VLcaO KHaOWK a SULRULW\ aQd LQcRUSRUaWH
acWLYLWLHV WKaW SURPRWH LW LQ daLO\ OLIH. FURP SaWLHQWV ZLWK RVWHRSRURVLV WR WKRVH WKaW aOUHad\ KRXVH
a WLWaQLXP PHdLcaO LPSOaQW, bRQH KHaOWK PRQLWRULQJ VKRXOd aOZa\V bH dRQH, HVSHcLaOO\ WKaW
LPSOaQW VXUYLYaO UaWHV KaYH bHcRPH aV KLJK aV 15 \HaUV RU ORQJHU. CRPSOLcaWLRQV ZLWK LPSOaQWV
ZRXOd UHTXLUH LQYaVLYH UHYLVLRQV WKaW caQ JLYH RSSRUWXQLW\ IRU LQIHcWLRQV WR aULVH. CRQVXPLQJ
IRRdV ULcK LQ caOcLXP, YLWaPLQ D, SURWHLQ aQd HQJaJLQJ LQ SURIHVVLRQaOO\ WaXJKW SK\VLcaO acWLYLW\
cRQVLVWLQJ RI ZHLJKW-bHaULQJ H[HUcLVH, aOO cRQWULbXWH WR a bHWWHU bRQH KHaOWK.25 IPSURYLQJ WKH
OLIHVW\OH WKaW WKLV JHQHUaWLRQ KaV LQVWLOOHd LQ PaQ\, WKaW cRQVLVWV RI bad KabLWV OLNH, VPRNLQJ,
aOcRKRO cRQVXPSWLRQ, LQVXIILcLHQW KRXUV RI VOHHS aQd dUXJ PLVXVH, caQ OHad WR bHWWHU RXWcRPHV
ZLWK PHWaO LPSOaQWV aQd PRVW LPSRUWaQWO\ PaNH WKH UHVHaUcK RQ WKHVH LPSOaQWV ZRUWKZKLOH.
WKLOH adYaQcHPHQWV LQ PHdLcaO UHVHaUcK WKaW cRQWULbXWH WR ORQJHYLW\ aUH LPSUHVVLYH, LW LV RXU
UHVSRQVLbLOLW\ WR dHaO ZLWK WKH dRZQVLdHV WKaW Pa\ aULVH IURP WKHVH LQQRYaWLRQV.
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Ma\ 2023.

25 ³OVWHRSRURVLV.´ NaWional InVWiWXWe on Aging, ZZZ.QLa.QLK.JRY/KHaOWK/RVWHRSRURVLV.
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<HVKLYD UQLYHUVLW\ JRXUQDO RI MHGLFLQH DQG DHQWLVWU\

RHYLHZ

GHQRWR[LF EIIHFWV RI CKHPRWKHUDS\
AYLYD IWVNRZLW]

AEVWUDFW
GHQRWR[Lc VXbVWaQcHV aUH SUHVHQW HYHU\ZKHUH aQd aUH XQaYRLdabOH. TKLV SRVHV a OaUJH ULVN dXH WR
WKHLU abLOLW\ WR caXVH JUHaW daPaJH WR a SHUVRQ¶V DNA. UQIRUWXQaWHO\, WKLV Pa\ OHad WR aQ
LQcUHaVHd ULVN RI WKH dHYHORSPHQW RI caQcHU cHOOV ZLWKLQ aQ RUJaQLVP. II WKH caQcHU caXVHd b\
WKHVH JHQRWR[Lc cKHPLcaOV LV OHIW XQWUHaWHd, LW ZLOO OaUJHO\ dHcUHaVH a SHUVRQ¶V TXaOLW\ RI OLIH aQd
ZLOO RIWHQ OHad WR IaWaOLW\. AOWKRXJK cKHPRWKHUaS\ LV a YHU\ VWURQJ aQd RIWHQ VXccHVVIXO IRUP RI
caQcHU WUHaWPHQW, WKH dUXJ SRVHV PaQ\ ULVNV ZLWKLQ WKH UHaOP RI JHQRWR[LcLW\. TKLV VWXd\ aLPHd
WR HYaOXaWH WKH ULVNV SRVHd WR bRWK SaWLHQWV aQd WKH KHaOWKcaUH SURYLdHUV LQ RUdHU WR dHWHUPLQH WKH
RYHUaOO YaOXH RI WKLV WUHaWPHQW. A PaMRU JHQRWR[Lc ULVN WKaW aULVHV IURP WKH XVH RI
cKHPRWKHUaSHXWLcV LV WKH SRVVLbLOLW\ RI VHcRQdaU\ caQcHUV aULVLQJ. FRU H[aPSOH, M\HORd\VSOaVWLc
S\QdURPHV aQd AcXWH M\HORLd LHXNHPLa aUH YHU\ cRPPRQ VHcRQdaU\ caQcHUV. IW ZaV IRXQd WKaW
WKHUH ZaV a VLJQLILcaQW LQcUHaVH LQ DNA daPaJH aQd QXPbHUV RI abQRUPaO cHOOV aIWHU
cKHPRWKHUaS\ WUHaWPHQW. IQ addLWLRQ, JHQHWLc OHVLRQV RccXUUHd, addLQJ WR WKH RYHUaOO JHQHWLc
LQVWabLOLW\ aQd ULVN IRU IXWXUH WKHUaS\-UHOaWHd PaOLJQaQcLHV. TKH VWXd\ aOVR H[SORUHd WKH dLIIHUHQW
URXWHV LQ ZKLcK cKHPRWKHUaS\ SURYHV WR[Lc WR a SHUVRQ¶V DNA: dLUHcWO\ aQd LQdLUHcWO\. AIWHU
JaLQLQJ a IXOO XQdHUVWaQdLQJ, PXOWLSOH SUHYHQWLRQ LdHaV ZHUH H[SORUHd. TUHaWPHQW ZLWK DNA
QHXWUaOL]LQJ aJHQWV aQd WKH UHOaWLRQVKLS bHWZHHQ QXWULWLRQ aQd cKHPRWKHUaS\-LQdXcHd WR[LcLW\
ZHUH cRQVLdHUHd LQ WKLV VWXd\. IW ZaV IRXQd WKaW dXH WR WKH IacW WKaW QRUPaO cHOOV aQd caQcHURXV
cHOOV UHacW dLIIHUHQWO\ WR IaVWLQJ, LQWHUPLWWHQW IaVWLQJ Pa\ KaYH SRVLWLYH HIIHcWV IRU caQcHU SaWLHQWV
bHLQJ WUHaWHd ZLWK cKHPRWKHUaS\. ESLJHQHWLc UHSURJUaPPLQJ ZaV H[SORUHd WR IXOO\ JUaVS WKH
LQIOXHQcH dLHW caQ KaYH LQ cKHPRWKHUaS\ WUHaWPHQW. TKH XVH RI NHWRJHQLc dLHWV (KD¶V) LQ caQcHU
WUHaWPHQW ZaV aOVR H[SORUHd. TKH XVH RI W\URVLQH NLQaVH LQKLbLWRUV (TKIV) cRPbLQHd ZLWK IaVWLQJ
ZaV aOVR H[SORUHd WR XQdHUVWaQd LI LW cRXOd HQKaQcH WKH HIILcac\ RI caQcHU WUHaWPHQW. AOWKRXJK
PaQ\ RI WKHVH VWXdLHV SURdXcHd SURPLVLQJ UHVXOWV, IXUWKHU UHVHaUcK PXVW bH dRQH WR HVWabOLVK
WKHVH UHVXOWV.

IQWURGXFWLRQ
OYHU a OLIHWLPH, KXPaQV LQWHUacW ZLWK PaQ\ H[WHUQaO cKHPLcaOV SUHVHQW LQ WKH HQYLURQPHQW. MaQ\
RI WKHVH cKHPLcaOV caXVH VLJQLILcaQW daPaJH WR WKH DNA RI WKHVH RUJaQLVPV b\ caXVLQJ DNA
PXWaWLRQV ZKLcK OHad WR aQ LQcUHaVHd ULVN RI caQcHU.1 TKHVH PXWaWLRQV caQ bH aVVHVVHd XVLQJ
aVVa\V, RU WHVWV WKaW PHaVXUH WKH bLRcKHPLcaO acWLYLW\ RI a VXbVWaQcH. TKH UHVXOWV RI WKHVH aVVa\V
LQdLcaWH WKH RYHUaOO LPSacW WKaW a JHQRWR[Lc cKHPLcaO KaV RQ a VSHcLPHQ. GLYHQ WKH OHYHO RI
H[SRVXUH WKaW KXPaQV KaYH WR JHQRWR[Lc cKHPLcaOV, LW bHKRRYHV VcLHQWLVWV WR acNQRZOHdJH WKH
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dHYaVWaWLQJ HIIHcWV RI WKHVH VXbVWaQcHV, aWWHPSWV WR UHJXOaWH KXPaQ H[SRVXUH WR WKHP, aQd ZRUN
WR bHWWHU XQdHUVWaQd WKHLU PHcKaQLVPV RI acWLRQ WR OLPLW WKHLU LPSacW.1

WKLOH daPaJH WR DNA LV XQZaQWHd, WKH PaLQ WUHaWPHQW IRU caQcHU XWLOL]HV WKHVH HIIHcWV RI WR[Lc
VXbVWaQcHV LQ a SRVLWLYH PaQQHU. CKHPRWKHUaS\ LV a dUXJ WUHaWPHQW WKaW LV ³adPLQLVWHUHd WR
LQKLbLW WKH JURZWK RI caQcHU cHOOV, NLOO caQcHU cHOOV, RU bORcN caQcHU cHOO SUROLIHUaWLRQ´.2 TKHVH
dUXJV acKLHYH WKLV JRaO b\ LQWHUIHULQJ ZLWK WKH RNA RU DNA RI WKH SaWLHQWV¶ JURZLQJ caQcHU
cHOOV. CKHPRWKHUaS\ WUHaWPHQWV aUH cRVWO\, WLPHO\, RIWHQ ULJRURXV, aQd KaYH PaQ\ VLdH HIIHcWV.
DHVSLWH WKHVH dUaZbacNV, WKH VXUYLYaO UaWH RI caQcHU SaWLHQWV aURXQd WKH ZRUOd KaV JUHaWO\
LQcUHaVHd dXH WR LPSURYHPHQWV LQ WKLV PHWKRd RI WUHaWPHQW. CKHPRWKHUaS\ KaV HLWKHU addHd
\HaUV WR caQcHU SaWLHQWV¶ OLYHV RU HUadLcaWHd WKHLU caQcHU cRPSOHWHO\, HQabOLQJ WKH SaWLHQW WR WKULYH
aQd OLYH a ³QRUPaO OLIH´.3,4,5

AW ILUVW JOaQcH, WKHVH cKHPLcaOV ZRXOd bH JUHaW aVVHWV LQ WUHaWLQJ WHUPLQaO LOOQHVVHV. HRZHYHU,
ZKLOH WKHVH dUXJV dR LQWHUacW IaYRUabO\ ZLWK caQcHU cHOOV, WKH\ dR KaYH QHJaWLYH HIIHcWV RQ
KHaOWK\ cHOOV LQ SaWLHQWV¶ bRdLHV. AddLWLRQaOO\, WKH ORQJ-WHUP H[SRVXUH RI RQcRORJLVWV ZKR dHaO
ZLWK WKHVH VXbVWaQcHV daLO\ caQ caXVH DNA daPaJH WR WKHP aV ZHOO, HYHQ WKRXJK WKH dUXJ LV QRW
bHLQJ adPLQLVWHUHd WR WKHP dLUHcWO\. SXSSRUWHd b\ UHVHaUcK WKaW KaV VKRZQ WKaW
cKHPRWKHUaSHXWLcV KaYH LQdXcHd JHQRWR[Lc HIIHcWV RQ WKRVH KHaOWKcaUH SURYLdHUV adPLQLVWHULQJ
WKH WUHaWPHQW WR SaWLHQWV, LW LV HVVHQWLaO IRU WKRVH adPLQLVWHULQJ WR OHaUQ SURSHU WHcKQLTXHV WR
PLQLPL]H daQJHU WR WKHPVHOYHV aQd WKH SaWLHQW.6

AOWKRXJK WKHUH aUH RYHU RQH-KXQdUHd W\SHV RI cKHPRWKHUaSHXWLcV, WKH\ caQ bH dLYLdHd LQWR VHYHQ
PaLQ caWHJRULHV RI dUXJV: aON\OaWLQJ aJHQWV, QLWURVRXUHaV, aQWL-PHWabROLWHV, SOaQW aONaORLdV/QaWXUaO
SURdXcWV, aQWLWXPRU aQWLbLRWLcV, KRUPRQaO aJHQWV, aQd bLRORJLcaO UHVSRQVH PRdLILHUV.6 DHSHQdLQJ
RQ WKH W\SH aQd VHYHULW\ RI WKH caQcHU, RQH RU PRUH RI WKHVH caWHJRULHV RI cKHPRWKHUaS\ dUXJV
ZLOO bH adPLQLVWHUHd WR WKH SaWLHQW. TKH PRUH H[SRVXUH WKH SaWLHQW KaV WR WKH dUXJ, WKH PRUH WKH
KHaOWK caUH SURYLdHUV ZLOO bH H[SRVHd aV ZHOO, WKXV LQcUHaVLQJ WKHLU RYHUaOO JHQRWR[Lc HIIHcWV.6

MHFKDQLVPV RI CKHPRWKHUDSHXWLF GHQRWR[LF EIIHFWV LQ CHOOV
CKHPRWKHUaSHXWLcV Pa\ caXVH JHQRWR[Lc HIIHcWV WKURXJK a IHZ dLIIHUHQW PHcKaQLVPV. AccRUdLQJ
WR a VWXd\ SHUIRUPHd LQ 2017, cKHPRWKHUaS\ LQdXcHd WR[LcLW\ WR KHaOWK\ cHOOV RccXUV LQ RQH RI
WZR Za\V: dLUHcWO\ RU LQdLUHcWO\. DLUHcW WR[LcLW\ PHaQV WKaW WKH cKHPRWKHUaS\ LQdXcHV WKH VaPH
PHWKRdV RI daPaJH WR KHaOWK\ cHOOV aV LW dRHV WR WKH caQcHU cHOOV. HRZHYHU, LQdLUHcW daPaJH
RccXUV IURP WKH UHOHaVH RI cHOO-IUHH cKURPaWLQ (cICK) IURP WKH d\LQJ caQcHU cHOOV, ZKLcK WKHQ
daPaJHV WKH KHaOWK\ cHOOV b\ WULJJHULQJ WKH DNA daPaJH UHVSRQVH RU caXVLQJ LQIOaPPaWLRQ
(FLJXUH 1).7
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FLJXUH 1. DiUecW YV. IndiUecW To[iciW\.

GHQRWR[LF EIIHFWV RI CKHPRWKHUDS\ RQ HHDOWK\ CHOOV
A PaMRU JHQRWR[Lc HIIHcW RI cKHPRWKHUaSHXWLcV LV WKaW WKH\ caQ caXVH a ZLdH UaQJH RI RWKHU
caQcHUV WR aULVH LQ a SaWLHQW. FRU H[aPSOH, cHOOV ZLWKLQ WKH bRQH PaUURZ aUH YLWaO LQ PaLQWaLQLQJ
KHPaWRSRLHVLV aIWHU cKHPRWKHUaS\. HRZHYHU, LW LV NQRZQ WKaW WKHVH cHOOV aUH daPaJHd JUHaWO\ b\
cKHPRWKHUaSHXWLc dUXJV aQd WKH PXWaWLRQV LQdXcH PaQ\ W\SHV RI bRQH PaUURZ caQcHU. IQ 2017, a
VWXd\ ZaV SHUIRUPHd WR dHWHUPLQH WKH ORQJ-WHUP HIIHcWV RI daPaJH WR WKHVH cHOOV LQ SaWLHQWV
VSHcLILcaOO\ UHcHLYLQJ WKH aON\OaWLQJ aJHQW - c\cORSKRVSKaPLdH - ZKLcK caQ caXVH a UHdXcWLRQ LQ
KHaOWK\ cHOOV. UVLQJ WKH PLcURQXcOHXV aQd cRPHW aVVa\V, LW ZaV dHWHUPLQHd WKaW WKHUH ZaV a
VLJQLILcaQW LQcUHaVH LQ DNA daPaJH aQd WKH QXPbHUV RI abQRUPaO cHOOV LQcUHaVHd. GHQHWLc
OHVLRQV aOVR RccXUUHd, addLQJ WR WKH JHQHWLc LQVWabLOLW\ aQd ULVN IRU IXWXUH WKHUaS\-UHOaWHd
PaOLJQaQcLHV.8

M\HORd\VSOaVWLc S\QdURPHV aQd AcXWH M\HORLd LHXNHPLa aUH YHU\ cRPPRQ WKHUaS\-UHOaWHd
PaOLJQaQcLHV. OYHU WLPH, WKHUH KaV bHHQ a JUHaW LQcUHaVH LQ WKHVH PaOLJQaQcLHV VLQcH WKH KLJK
VXccHVV UaWH RI cKHPRWKHUaSHXWLc dUXJV KaV LQcUHaVHd WKH dULYH WR XVH WKH WUHaWPHQW aQd WKXV
RYHUaOO KXPaQ H[SRVXUH. ³TKHUaS\-UHOaWHd OHXNHPLaV aUH a PaMRU SURbOHP LQ SaWLHQWV WUHaWHd IRU
HRdJNLQ'V dLVHaVH, QRQ-HRdJNLQ'V O\PSKRPa, P\HORPa, SRO\c\WKHPLa, bUHaVW caQcHU, RYaULaQ
caUcLQRPa, RU WHVWLcXOaU caUcLQRPa´.9 SWXdLHV KaYH IRXQd WKaW WKH KLJKHVW SRWHQWLaO RI dHYHORSLQJ
a VHcRQdaU\ OHXNHPLa cRPHV IURP WUHaWPHQWV XVLQJ aON\OaWLQJ aJHQWV, QLWURVRXUHaV, aQd
SURcaUba]LQH. DHVSLWH WKH HYLdHQW JHQRWR[Lc ULVN, dRcWRUV RIWHQ dHWHUPLQH WKaW WKH ULVN LV ZRUWK LW
LQ RUdHU WR WUHaW WKH acWLYH caQcHU LQ SaWLHQWV.9
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GHQRWR[LF EIIHFWV RQ HHDOWKFDUH PURYLGHUV AGPLQLVWHULQJ
CKHPRWKHUDS\
OQH VWXd\, SHUIRUPHd LQ 2007, aVVHVVHd WKH JHQRWR[LcLW\ caXVHd WR WKH QXUVHV aQd dRcWRUV
adPLQLVWHULQJ cKHPRWKHUaS\ dUXJV. IW ZaV UHSRUWHd WKaW ³RccXSaWLRQaO H[SRVXUH WR aQWL-caQcHU
dUXJV caQ UHSUHVHQW a SRWHQWLaO KHaOWK ULVN WR KXPaQV.´ BRWK WKH cRPHW aVVa\ aQd PLcURQXcOHXV
aVVa\ WHVW ZHUH XVHd LQ WKLV VWXd\. TKH\ IRXQd bRWK aQ LQcUHaVH LQ DNA daPaJH LQ O\PSKRc\WHV
aQd aQ LQcUHaVH RI PLcURQXcOHL IRXQd LQ WKH QXUVHV bHLQJ H[SRVHd WR WKH dUXJV.10 AV LQdLcaWHd b\
WKH UHVXOWV RI WKLV VWXd\, PRUH VWULQJHQW VaIHW\ SUHcaXWLRQV aUH QHcHVVaU\ WR PaLQWaLQ WKH VaIHW\ RI
WKRVH adPLQLVWHULQJ aQd KaQdOLQJ WKHVH SRZHUIXO dUXJV.

PUHYHQWLRQ RI WKH GHQRWR[LF EIIHFWV RI CKHPRWKHUDSHXWLFV
TKHUH KaYH bHHQ PaQ\ UHVHaUcK LQLWLaWLYHV IRcXVHd RQ SUHYHQWLQJ KHaOWK\ cHOO daPaJH WKaW RccXUV
IURP cKHPRWKHUaS\ WUHaWPHQW. TKH ILUVW VWXd\ WKaW ZaV ORRNHd aW ZaV baVHd RQ WKH K\SRWKHVLV
WKaW DNAVH LV aQ HQ]\PH WKaW bUHaNV dRZQ WKH K\dURJHQ bRQdV WKaW KROd WKH WZR DNA VWUaQdV
WRJHWKHU (FLJXUH 2). TKH VWXd\ VXJJHVWV WKaW ³WUHaWPHQW ZLWK DNAVH RU RWKHU DNA QHXWUaOL]LQJ
aJHQW caQ SUHYHQW cKHPRWKHUaS\-LQdXcHd WR[LcLW\ LQ KHaOWK\ cHOOV´.12 TKH SRZHUIXO HQ]\PHV KaYH
WKH abLOLW\ WR bUHaN WKHVH QHcHVVaU\ bRQdV ZLWKLQ WKH caQcHU cHOOV. TKH ³UHVXOWV VXJJHVW WKaW
WR[LcLW\ RI cKHPRWKHUaS\ LV caXVHd WR a OaUJH H[WHQW b\ cICK UHOHaVHd IURP d\LQJ cHOOV aQd caQ bH
SUHYHQWHd b\ cRQcXUUHQW WUHaWPHQW ZLWK cICK QHXWUaOL]LQJ/dHJUadLQJ aJHQWV´.7

FLJXUH 2. SWUXcWXUe of a DNaVe PUoWein.
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AQ addLWLRQaO VWXd\ SHUIRUPHd b\ CKaQJKaQ LHH LQ 2012 OLQNHd WKH HIIHcWV RI QXWULWLRQ aQd
cKHPRWKHUaS\-LQdXcHd WR[LcLW\ WR KHaOWK\ cHOOV.13 TKLV VWXd\ ZaV baVHd RQ WKH K\SRWKHVLV WKaW
³QRUPaO cHOOV aQd caQcHU cHOOV dLIIHU LQ WKHLU abLOLW\ WR UHVSRQd WR IaVWLQJ´.14 WKHQ a SaWLHQW IaVWV,
WKH QRUPaO cHOOV aUH abOH WR VZLWcK WKHLU PHWabROLVP b\ XWLOL]LQJ PaLQWHQaQcH SaWKZa\V;
KRZHYHU, caQcHU cHOOV aUH XQabOH WR SHUIRUP WKLV WaVN. TKHUHIRUH, b\ XWLOL]LQJ VKRUW-WHUP IaVWLQJ
dXULQJ cKHPRWKHUaS\ WUHaWPHQW, WKH ULVN RI WR[LcLW\ caQ bH OHVVHQHd JUHaWO\ b\ VWaUYLQJ WKH caQcHU
cHOOV WR dHaWK.15 A SLORW WULaO WR WKLV K\SRWKHVLV ZaV cRQdXcWHd, ZKLcK SURdXcHd SURPLVLQJ UHVXOWV.
TKH WULaO LQcOXdHd WKLUW\ SaWLHQWV aJHd 30-74 \HaUV, ZKR XQdHUZHQW a PLQLPXP RI IRXU
cKHPRWKHUaS\ c\cOHV. TKH SaWLHQWV IaVWHd LQWHUPLWWHQWO\ IRU KaOI RI WKH cKHPRWKHUaS\ c\cOH,
PaNLQJ VXUH WKH\ VWLOO UHcHLYHd HQRXJK QXWULWLRQ dXULQJ WKH QRQ-IaVWLQJ SHULRdV RI LQWHUPLWWHQW
IaVWLQJ. FRU WKH VHcRQd KaOI RI WKH c\cOH, SaWLHQWV PaLQWaLQHd a QRUPaO dLHW. TKH UHVXOWV LQdLcaWHd
WKaW XWLOL]LQJ PRdLILHd VKRUW-WHUP IaVWLQJ (PSTF) dXULQJ WUHaWPHQW caQ bRWK UHdXcH WKH
cKHPRWKHUaS\-LQdXcHd WR[LcLWLHV aQd HQKaQcH WKH WROHUaQcH RI cKHPRWKHUaS\ (FLJXUH 3).16

FLJXUH 3. ReVXlWV of ShoUW-TeUm FaVWing Zhile ReceiYing ChemoWheUap\ TUeaWmenW.

IW LV ZHOO NQRZQ WKaW dLHW SOa\V a UROH LQ PaQ\ aVSHcWV RI KXPaQ KHaOWK. IQWHUHVWLQJO\, WKLV H[WHQdV
WR WKH LQIOXHQcH RI caQcHU dHYHORSPHQW. TKH VRXUcH IRU WKLV LV HSLJHQHWLc UHSURJUaPPLQJ: a
PHcKaQLVP WKURXJK ZKLcK cHUWaLQ VXbVWaQcHV LQWURdXcHd WKURXJK dLHW caQ LQIOXHQcH JHQH
H[SUHVVLRQ, aQd caQ caXVH cKaQJHV LQ cHOO SUROLIHUaWLRQ aQd JURZWK. RHcHQW UHVHaUcK KaV bHHQ
cRQdXcWHd WKaW H[SORUHV WKH HIIHcWV RI IaVWLQJ aQd NHWRJHQLc dLHWV RQ cKHPRWKHUaS\ RXWcRPHV.
TKH PaLQ JRaO aQd dHWHUPLQLQJ VXccHVV IacWRUV bHLQJ UHdXcLQJ WR[LcLW\ aQd LPSURYLQJ WKH TXaOLW\
RI OLIH.ௗ17

WLWK UHJaUd WR IaVWLQJ, WKURXJK PaQ\ VWXdLHV LW KaV bHHQ IRXQd WKaW LQWHUPLWWHQW aQd VKRUW-WHUP
IaVWLQJ dXULQJ cKHPRWKHUaS\ LV VaIH aQd ZHOO-WROHUaWHd. EYHQ PRUH VR, LW Pa\ UHdXcH IaWLJXH, VLdH
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HIIHcWV, aQd LPSURYH RQH¶V RYHUaOO TXaOLW\ RI OLIH. A cRKRUW VWXd\ ZaV cRQdXcWHd ZKLcK IRXQd WKaW
IaVWLQJ IRU aURXQd 48 KRXUV LV VaIH aQd IHaVLbOH IRU caQcHU SaWLHQWV. IW Pa\ UHdXcH DNA daPaJH
LQ OHXNRc\WHV. TKLV VWXd\ aOVR dHPRQVWUaWHd WKaW IaVWLQJ UHdXcHV DNA daPaJH LQ PRQRQXcOHaWHd
bORRd cHOOV aQd Pa\ SURPRWH DNA UHcRYHU\ aIWHU cKHPRWKHUaS\. AQRWKHU VWXd\ ZaV cRQdXcWHd
WKaW IRXQd WKaW IaVWLQJ Pa\ UHdXcH QaXVHa, YRPLWLQJ, dLaUUKHa, abdRPLQaO SaLQ, aQd UHSRUWHd
IHZHU VLdH HIIHcWV LQ SaWLHQWV ZKR IaVWHd IRU WKH HQWLUH dXUaWLRQ RI cKHPRWKHUaS\. AOWKRXJK
SURPLVLQJ UHVXOWV, IXUWKHU UHVHaUcK LV QHHdHd WR cRQILUP WKHVH ILQdLQJV.17

TKH XVH RI NHWRJHQLc dLHWV (KD¶V) LQ caQcHU WUHaWPHQW ZaV aOVR H[SORUHd. KD¶V PLPLc WKH
PHWabROLc VWaWH RI IaVWLQJ aQd HOHYaWH NHWRQH bRdLHV abRYH WKH UHIHUHQcH UaQJH. SHYHUaO VWXdLHV
KaYH H[SORUHd WKH IHaVLbLOLW\ aQd HIIHcWV RI KD¶V LQ caQcHU SaWLHQWV. A SLORW VWXd\ IRXQd WKaW
KD¶V ZHUH WROHUabOH aQd VaIH LQ adYaQcHd PHWaVWaWLc WXPRUV, aQd ILYH SaWLHQWV cRPSOHWHd a
3-PRQWK LQWHUYHQWLRQ SHULRd, UHSRUWLQJ LPSURYHd HPRWLRQaO IXQcWLRQLQJ aQd OHVV LQVRPQLa.
AQRWKHU VWXd\ IRXQd WKaW KD¶V ZHUH ZHOO-WROHUaWHd aQd SRWHQWLaOO\ XVHIXO LQ cRQWUROOLQJ WXPRU
JURZWK LQ SaWLHQWV ZLWK UHcXUUHQW JOLRbOaVWRPa. TKH HIIHcWV RI KD¶V LQ cRPbLQaWLRQ ZLWK
bHYacL]XPab WUHaWPHQW ZHUH aOVR H[SORUHd LQ a VWXd\ ZLWK 53 SaWLHQWV RbVHUYHd cRPSaUHd WR
WKRVH WUHaWHd ZLWK bHYacL]XPab aORQH. AddLWLRQaOO\, a UaQdRPL]Hd cRQWUROOHd WULaO IRXQd a
VLJQLILcaQW LPSURYHPHQW LQ adMXVWHd SK\VLcaO IXQcWLRQ VcRUHV LQ ZRPHQ ZLWK RYaULaQ RU
HQdRPHWULaO caQcHU ZKR IROORZHd a KD IRU 12 ZHHNV cRPSaUHd WR WKRVH IROORZLQJ WKH ACS
dLHW.17

TKH VWXd\ cRQdXcWHd b\ CaIIa, IUHQH, aQd cROOHaJXHV LQ 2015 aLPHd WR LQYHVWLJaWH ZKHWKHU
cRPbLQLQJ IaVWLQJ ZLWK W\URVLQH NLQaVH LQKLbLWRUV (TKIV) cRXOd HQKaQcH WKH HIILcac\ RI caQcHU
WUHaWPHQW. TKIV aUH dUXJV WKaW LQKLbLW WKH acWLYLW\ RI HQ]\PHV caOOHd W\URVLQH NLQaVHV, ZKLcK aUH
RIWHQ RYHUacWLYH LQ caQcHU cHOOV aQd cRQWULbXWH WR WXPRU JURZWK aQd VXUYLYaO. WKLOH TKIV KaYH
VKRZQ SURPLVH LQ caQcHU WUHaWPHQW, WKH\ RIWHQ KaYH OLPLWHd HIILcac\ aQd caQ caXVH VLdH HIIHcWV.18

TKH UHVHaUcKHUV XVHd PRXVH PRdHOV aQd KXPaQ caQcHU cHOO OLQHV WR dHPRQVWUaWH WKaW IaVWLQJ
LQcUHaVHd WKH VHQVLWLYLW\ RI caQcHU cHOOV WR TKIV, OHadLQJ WR HQKaQcHd WXPRU VXSSUHVVLRQ.
SSHcLILcaOO\, WKH\ IRXQd WKaW IaVWLQJ acWLYaWHd WKH MAPK VLJQaOLQJ SaWKZa\, ZKLcK LV LQYROYHd LQ
cHOO SUROLIHUaWLRQ, dLIIHUHQWLaWLRQ, aQd VXUYLYaO. TKH acWLYaWLRQ RI WKLV SaWKZa\ OHd WR a dHcUHaVH LQ
WKH acWLYLW\ RI WKH MAPK SURWHLQV, ZKLcK aUH RIWHQ RYHUacWLYH LQ caQcHU cHOOV aQd cRQWULbXWH WR
WXPRU JURZWK aQd VXUYLYaO. B\ LQKLbLWLQJ WKH MAPK VLJQaOLQJ SaWKZa\, IaVWLQJ HQKaQcHV WKH
aQWL-caQcHU HIIHcWV RI TKIV.18

TKH VWXd\ cRQcOXdHd WKaW cRPbLQLQJ IaVWLQJ ZLWK TKIV cRXOd bH a SURPLVLQJ VWUaWHJ\ IRU
LPSURYLQJ caQcHU WUHaWPHQW RXWcRPHV. FaVWLQJ KaV bHHQ VKRZQ WR KaYH VHYHUaO KHaOWK bHQHILWV,
LQcOXdLQJ UHdXcLQJ LQIOaPPaWLRQ, LPSURYLQJ LQVXOLQ VHQVLWLYLW\, aQd HQKaQcLQJ cHOOXOaU VWUHVV
UHVLVWaQcH. B\ cRPbLQLQJ IaVWLQJ ZLWK TKIV, LW Pa\ bH SRVVLbOH WR HQKaQcH WKH aQWL-caQcHU HIIHcWV
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RI WKH dUXJV ZKLOH PLQLPL]LQJ VLdH HIIHcWV. HRZHYHU, IXUWKHU UHVHaUcK LV QHHdHd WR dHWHUPLQH WKH
RSWLPaO IaVWLQJ UHJLPHQ aQd WR aVVHVV WKH VaIHW\ aQd HIILcac\ RI WKLV aSSURacK LQ cOLQLcaO WULaOV.18

AQRWKHU VWXd\ LQYHVWLJaWHd WKH HIIHcWV RI a IaVWLQJ PLPLcNLQJ dLHW (FMD) LQ cRPbLQaWLRQ ZLWK
QHRadMXYaQW cKHPRWKHUaS\ (NAC) RQ bUHaVW caQcHU WUHaWPHQW. TKH VWXd\ ZaV a UaQdRPL]Hd
SKaVH 2 cOLQLcaO WULaO cRQdXcWHd aW PXOWLSOH cHQWHUV, aQd LW LQYROYHd ZRPHQ ZLWK HaUO\-VWaJH
bUHaVW caQcHU ZKR ZHUH VcKHdXOHd WR XQdHUJR WKLV W\SH RI cKHPRWKHUaS\.19

TKH VWXd\ IRXQd WKaW addLQJ aQ FMD WR NAC VLJQLILcaQWO\ LQcUHaVHd WKH UaWH RI SaWKRORJLc
cRPSOHWH UHVSRQVH (SCR), ZKLcK LV a PaUNHU RI WUHaWPHQW HIILcac\. TKH FMD JURXS Kad a 36%
SCR UaWH cRPSaUHd WR 20% LQ WKH cRQWURO JURXS. TKH FMD aOVR LPSURYHd RYHUaOO VXUYLYaO,
dLVHaVH-IUHH VXUYLYaO, aQd TXaOLW\ RI OLIH LQ WKH SaWLHQWV.19

TKH VWXd\ VXJJHVWV WKaW FMD caQ HQKaQcH WKH aQWL-caQcHU HIIHcWV RI cKHPRWKHUaS\ aQd Pa\ KaYH
SRWHQWLaO aV aQ adMXYaQW WKHUaS\ IRU bUHaVW caQcHU WUHaWPHQW. HRZHYHU, IXUWKHU UHVHaUcK LV QHHdHd
WR cRQILUP WKHVH ILQdLQJV aQd WR LdHQWLI\ WKH RSWLPaO FMD UHJLPHQ IRU bUHaVW caQcHU SaWLHQWV.19

CRQFOXVLRQ
AV ZLWK PaQ\ JHQRWR[Lc dUXJV, bRWK WKH SURV aQd cRQV RI WKH WUHaWPHQW aQd LWV ULVNV PXVW bH
HYaOXaWHd LQ adYaQcH. OIWHQWLPHV ZLWK cKHPRWKHUaS\ WUHaWPHQW, ³aOWKRXJK [caUU\LQJ a] 52% ULVN
RI GUadH III RU ZRUVH WR[LcLWLHV, WKH PRUWaOLW\ UHdXcWLRQ bHQHILW cOHaUO\ RXWZHLJKV WKH ULVNV´.20

MRVW VWXdLHV cRQcOXdH WKaW WKH bHQHILWV RI WUHaWPHQW, LQcOXdLQJ WKH OaUJH LQcUHaVH LQ VXUYLYaO UaWH,
RXWZHLJK WKH QHJaWLYH JHQRWR[Lc ULVN WKH WUHaWPHQW SRVHV. AV VcLHQcH cRQWLQXHV WR adYaQcH aQd
PRUH VWXdLHV/WULaOV aUH cRQdXcWHd, WKH abLOLW\ WR HOLPLQaWH PaQ\ RI WKHVH JHQRWR[LcLWLHV LV
SRVVLbOH, WKHUHb\ HQVXULQJ a VaIHU aQd PRUH HIIHcWLYH PHWKRd RI WUHaWPHQW IRU caQcHU SaWLHQWV
aURXQd WKH ZRUOd.
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<HVKLYD UQLYHUVLW\ JRXUQDO RI MHGLFLQH DQG DHQWLVWU\

RHYLHZ

BHQHILWV RI WKH NRYHO TUDQVFDURWLG AUWHU\
RHYDVFXODUL]DWLRQ (TCAR) THFKQLTXH IRU WKH TUHDWPHQW RI
CDURWLG AUWHU\ SWHQRVLV
DHYRUDK CKDVHQ

AEVWUDFW
CHUHbURYaVcXOaU dLVHaVHV cRQVLVW RI a JURXS RI cHUHbUaO bORRd YHVVHO dLVRUdHUV ZKLcK aIIHcW bORRd
IORZ WR WKH bUaLQ. CRQVHTXHQcHV RI cHUHbURYaVcXOaU dLVHaVH LQcOXdH cHOO dHaWK aQd VWURNH dXH WR
cHUHbUaO K\SR[La. UQIRUWXQaWHO\, VWURNH LV WKH ILIWK OHadLQJ caXVH RI dHaWK LQ WKH UQLWHd SWaWHV
aQd WKH QXPbHU RQH OHadLQJ caXVH RI dLVabLOLW\. CaURWLd AUWHU\ SWHQRVLV (CAS) LV RQH RI WKH PRVW
cRPPRQ cHUHbURYaVcXOaU dLVHaVHV WKaW RIWHQ OHadV WR LVcKHPLc VWURNH. CAS LV W\SLcaOO\ caXVHd b\
WKH bXLOdXS RI aWKHURVcOHURWLc SOaTXH, ZKLcK cRQVLVWV RI IaWW\ VXbVWaQcHV, cKROHVWHURO, cHOOXOaU
ZaVWH SURdXcWV, caOcLXP, aQd ILbULQ, aORQJ WKH LQQHU OLQLQJ RI WKH caURWLd aUWHU\. AV WKH SOaTXH
JURZV, LW SURWUXdHV LQWR WKH OXPHQ RI WKH aUWHU\ caXVLQJ VWHQRVLV; VXbVHTXHQWO\, WKH SOaTXH Pa\
UXSWXUH aQd SURPRWH WKH IRUPaWLRQ RI a bORRd cORW WKaW IXUWKHU RccOXdHV WKH aUWHU\. MHdLcaO
PaQaJHPHQW LV HIIHcWLYH aW cRQWUROOLQJ WKH HIIHcWV RI CaURWLd AUWHU\ SWHQRVLV aQd SUHYHQWLQJ
IXWXUH VWURNHV. HRZHYHU, LQ cHUWaLQ caVHV RI VHYHUH VWHQRVLV, VXUJLcaO LQWHUYHQWLRQ LV RIWHQ
UHcRPPHQdHd. TKH CaURWLd EQdaUWHUHcWRP\ (CEA) ZaV WKH VWaQdaUd VXUJLcaO LQWHUYHQWLRQ IRU
UHYaVcXOaUL]aWLRQ IRU aOPRVW VHYHQW\ \HaUV. UQWLO UHcHQWO\, QR RWKHU LQWHUYHQWLRQ cRPSaUHd WR LW LQ
LWV HIIHcWLYHQHVV aQd VaIHW\. HRZHYHU, ZLWK WKH LQWURdXcWLRQ RI WKH TUaQVcaURWLd AUWHULaO
RHYaVcXOaUL]aWLRQ (TCAR) WHcKQLTXH LQ 2015, a QHZ VWaQdaUd IRU LQWHUYHQWLRQaO caUdLRORJ\ ZaV
bRUQ. SWXdLHV RYHU WKH SaVW VHYHQ \HaUV KaYH VKRZQ SURPLVLQJ UHVXOWV IRU WKLV QRYHO SURcHdXUH,
ZKLcK cRPbLQHV WKH PHWKRdV RI WUadLWLRQaO VWHQWLQJ ZLWK a bORRd IORZ UHYHUVaO QHXURSURWHcWLRQ
V\VWHP WR cUHaWH a TXLcN, HIILcLHQW, aQd PLQLPaOO\ LQYaVLYH UHYaVcXOaUL]aWLRQ RSWLRQ. FXWXUH
VWXdLHV KRSH WR IXUWKHU SURYH LWV HIIHcWLYHQHVV aV LW bHcRPHV a PRUH PaLQVWUHaP SURcHdXUH WR WUHaW
CAS.

IQWURGXFWLRQ
CHUHbURYaVcXOaU dLVHaVH LV a JURXS RI dLVRUdHUV cKaUacWHUL]Hd b\ bOHHdLQJ LQ RU UHVWULcWHd bORRd
IORZ WR a SaUW RI WKH bUaLQ WKaW caXVHV WHPSRUaU\ RU SHUPaQHQW HIIHcWV aQd LQYROYHV RQH RU PRUH
cHUHbUaO bORRd YHVVHO.1 IW LV HVVHQWLaO WKaW WKH KHaUW SXPSV HQRXJK bORRd WR WKH bUaLQ VR WKaW
R[\JHQ aQd LPSRUWaQW QXWULHQWV caQ aOVR bH WUaQVSRUWHd WR WKH bUaLQ aQd cLUcXOaWHd WKURXJKRXW.
WKHQ cHUHbUaO LVcKHPLa RccXUV, RU bORRd IORZ WR WKH bUaLQ LV UHdXcHd RU UHVWULcWHd, LW SXWV WKH
SaWLHQW aW aQ LQcUHaVHd ULVN RI dHYHORSLQJ a VWURNH.
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PRVVLbOH caXVHV RI LVcKHPLa WR aUHaV RI WKH bUaLQ aUH dXH WR YHVVHO VWHQRVLV (QaUURZLQJ),
WKURPbRVLV (bORRd cORW IRUPaWLRQ), HPbROLVP (IRUHLJQ cORW RU dHbULV bORcNaJH), RU KHPRUUKaJH
(UXSWXUH).1 CaURWLd aUWHU\ VWHQRVLV, aOVR NQRZQ aV caURWLd aUWHU\ dLVHaVH, LV RQH RI WKH SULPaU\
IRUPV RI cHUHbURYaVcXOaU dLVHaVH.1 TKH caURWLd aUWHULHV, aORQJ ZLWK WKH YHUWHbUaO aUWHULHV, aUH WKH
PaLQ YHVVHOV WKaW VXSSO\ WKH bUaLQ ZLWK R[\JHQ aQd HVVHQWLaO QXWULHQWV.2 TKHUHIRUH, daPaJH WR WKH
caURWLd aUWHULHV, VXcK aV VWHQRVLV, caQ caXVH cHUHbUaO K\SR[La, RU a dHcUHaVH RI R[\JHQ VXSSO\ WR
WKH bUaLQ, ZKLcK OHadV WR WKH dHaWK RI WKH aIIHcWHd WLVVXH aQd aQ LVcKHPLc VWURNH. UQIRUWXQaWHO\, LQ
WKH UQLWHd SWaWHV, VWURNHV aUH WKH ILIWK OHadLQJ caXVH RI dHaWK, aQd abRXW 3% RI adXOWV ZLOO
H[SHULHQcH a VWURNH LQ WKHLU OLIHWLPH.3 SWURNHV aUH WKH OHadLQJ caXVH RI ORQJ-WHUP dLVabLOLW\, aV
WKRVH ZKR VXIIHU a VWURNH aUH RIWHQ OHIW ZLWK UHdXcHd PRbLOLW\. FXUWKHUPRUH, RQH-WKLUd RI SHRSOH
ZKR VXIIHU a VWURNH aUH OHIW SHUPaQHQWO\ dLVabOHd.

CDURWLG AUWHU\ SWHQRVLV
CaURWLd aUWHU\ VWHQRVLV LV aOPRVW aOZa\V caXVHd b\ aWKHURVcOHURVLV, ZKLcK LV WKH bXLOdXS RI IaWW\
VXbVWaQcHV, cKROHVWHURO, cHOOXOaU ZaVWH SURdXcWV, caOcLXP, aQd ILbULQ LQWR WKH SOaTXH aORQJ WKH
LQQHU OLQLQJ RI WKH caURWLd aUWHU\, WKH LQWLPa Oa\HU. AV VHHQ LQ FLJXUH 1, WKH caURWLd aUWHU\ LV PadH
XS RI WKUHH Oa\HUV: WKH LQWLPa, WKH VPRRWK LQQHUPRVW Oa\HU; WKH PHdLa, WKH PXVcXOaU PLddOH Oa\HU;
aQd WKH adYHQWLWLa, WKH SURWHcWLYH RXWHU Oa\HU. AV WKH bXLOdXS RI SOaTXH LQcUHaVHV, WKH OXPHQ RI WKH
aUWHU\ QaUURZV (VWHQRVLV), aQd WKH ZaOOV RI WKH aUWHU\ bHcRPH WKLcNHQHd aQd VWLII. TKURXJK YaULRXV
PHcKaQLVPV, WKH aWKHURVcOHURWLc SOaTXH caQ caXVH VLJQLILcaQW VWHQRVLV RYHU WLPH, ZKLcK Pa\ OHad
WR aQ LVcKHPLc VWURNH. TKHUHIRUH, LW LV LPSRUWaQW WR bH SURacWLYH aW PaQaJLQJ ULVN IacWRUV HYHQ
IURP a \RXQJ aJH, ZKLcK LV ZKHQ WKH aWKHURVcOHURWLc SOaTXH bHJLQV bXLOdLQJ XS.4

FLJXUH 1. La\HUV RI WKH CaURWLd AUWHU\19
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MechaniVm of SWUoke DXe Wo AWheUoVcleUoViV
AV a ILbURXV SOaTXH JURZV, LW accXPXOaWHV PRUH IaWW\ OLSLdV aQd cKROHVWHURO. OQcH WKH SOaTXH KaV
UHacKHd a cHUWaLQ VL]H, LW bHJLQV WR SURWUXdH LQWR WKH OXPHQ RI WKH aUWHU\. TKLV caXVHV SaUWLaO
RccOXVLRQ RI WKH YHVVHO, RU VWHQRVLV, aQd LW Pa\ UHdXcH WKH aPRXQW RI bORRd WKaW caQ IORZ WKURXJK
WKH aUWHU\.5

TKURPbRVLV aQd HPbROL]aWLRQ, ZKLcK aUH RWKHU cRPSOLcaWLRQV IURP aWKHURVcOHURVLV WKaW UHVXOW LQ
bORRd cORWV, caQ RccXU aQd cRQWULbXWH WR a caURWLd VWHQRVLV-UHOaWHd VWURNH. AV WKH aWKHURVcOHURWLc
SOaTXH JURZV aQd bHcRPHV XQVWabOH , LW aOVR bHcRPHV LQcUHaVLQJO\ OLNHO\ WR UXSWXUH.6 WKHQ
SOaTXH UXSWXUHV, WKH cKROHVWHURO aQd cROOaJHQ bHcRPH H[SRVHd, aQd WKH bRd\ UHcRJQL]HV WKLV
RccXUUHQcH aV aQ LQMXU\. TKLV LQMXU\ VWLPXOaWHV WKH UHOHaVH RI SUR-cRaJXOaQWV aQd acWLYaWHV
WKURPbRVLV RU WKH cORWWLQJ caVcadH WR cUHaWH a bORRd cORW (FLJXUH 2).5 OccOXVLRQ RI aQ\ SRUWLRQ RI
WKH caURWLd aUWHU\, ZKHWKHU IURP a WKURPbXV RU HPbROL]Hd WKURPbXV, Pa\ UHVXOW LQ cHOO dHaWK aQd
VXbVHTXHQW LVcKHPLc VWURNH.

FLJXUH 2. BORRd CORW FRUPaWLRQ20

COLQLFDO PUHVHQWDWLRQ RI CDURWLG AUWHU\ SWHQRVLV
PaWLHQWV caQ KaYH V\PSWRPaWLc RU aV\PSWRPaWLc caURWLd aUWHU\ VWHQRVLV. S\PSWRPaWLc caURWLd
aUWHU\ dLVHaVH LV dHILQHd aV QHXURORJLc V\PSWRPV WKaW aUH VXddHQ LQ RQVHW aQd LSVLOaWHUaO WR
VLJQLILcaQW caURWLd aWKHURVcOHURVLV. IW aOVR LQcOXdHV a TIA, cKaUacWHUL]Hd b\ IRcaO QHXURORJLcaO
d\VIXQcWLRQ RU WUaQVLHQW PRQRcXOaU bOLQdQHVV, a PLQRU, QRQ-dLVabOLQJ LVcKHPLc VWURNH).7 IQ
addLWLRQ, LQ RUdHU WR bH cRQVLdHUHd ³V\PSWRPaWLc,´ a SaWLHQW PXVW KaYH Kad caURWLd V\PSWRPV
ZLWKLQ WKH SaVW VL[ PRQWKV.8 MaQaJHPHQW RI V\PSWRPaWLc caURWLd aUWHU\ VWHQRVLV LV LPSRUWaQW
bHcaXVH aWKHURVcOHURWLc SOaTXHV aUH XVXaOO\ HPbRORJLc aQd SRVH aQ LQcUHaVHd ULVN RI caXVLQJ
aQRWKHU VWURNH.

AV\PSWRPaWLc caURWLd aUWHU\ VWHQRVLV UHIHUV WR VWHQRVLV RI WKH caURWLd aUWHU\ ZLWKRXW
accRPSaQ\LQJ QHXURORJLcaO V\PSWRPV RU VWURNH. MaQ\ UaQdRPL]Hd aQd cRQWUROOHd VWXdLHV KaYH
VKRZQ WKaW WKHUH LV RQO\ a VPaOO ULVN RI VWURNH (1-2%) LQ aV\PSWRPaWLc caVHV RI caURWLd VWHQRVLV
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IRU PLOd (<50% VWHQRVLV) RU PRdHUaWH (50-69% VWHQRVLV). BHcaXVH RI WKHVH ILQdLQJV, PHdLcaO
PaQaJHPHQW aQd ORQJLWXdLQaO PRQLWRULQJ LV W\SLcaOO\ WKH UHcRPPHQdHd cRXUVH RI WUHaWPHQW IRU
SaWLHQWV ZLWK aV\PSWRPaWLc caURWLd VWHQRVLV. HRZHYHU, VXUJLcaO LQWHUYHQWLRQ LV VRPHWLPHV
UHcRPPHQdHd LQ caVHV RI aV\PSWRPaWLc SaWLHQWV ZLWK a JUHaWHU dHJUHH RI VWHQRVLV (>80%
VWHQRVLV).9

RLVN FDFWRUV
TKH ULVN IacWRUV IRU caURWLd aUWHU\ VWHQRVLV caQ bH dLYLdHd LQWR WZR caWHJRULHV: QRQ-PRdLILabOH
aQd PRdLILabOH ULVN IacWRUV. NRQ-PRdLILabOH ULVN IacWRUV aUH WKRVH WKaW caQQRW bH cRQWUROOHd b\ a
SHUVRQ, OLNH aJH, VH[, UacH aQd HWKQLcLW\, aQd IaPLO\ KLVWRU\. MRdLILabOH ULVN IacWRUV aUH WKRVH WKaW
caQ bH cRQWUROOHd b\ a SHUVRQ WR PLQLPL]H WKH ULVN aVVRcLaWHd ZLWK WKHP aQd LQcOXdH
K\SHUWHQVLRQ, VPRNLQJ, KLJK cKROHVWHURO, K\SHUJO\cHPLa, dLHW, ZHLJKW, aOcRKRO cRQVXPSWLRQ, aQd
dUXJ XVH. OIWHQWLPHV, QRQPRdLILabOH ULVN IacWRUV aUH OLQNHd WR RU H[acHUbaWHd bHcaXVH RI
PRdLILabOH ULVN IacWRUV.10

7UHDWPHQW
MaQ\ IacWRUV LPSacW WUHaWPHQW RSWLRQV IRU caURWLd aUWHU\ VWHQRVLV, aQd LW LV LPSRUWaQW WR baOaQcH
WKH ULVN RI VWURNH YV. ULVN RI LQWHUYHQWLRQ IRU WKH SaWLHQW. MaQ\ IRUPV RI caURWLd aUWHU\ VWHQRVLV
caQ bH PaQaJHd ZLWK PHdLcaO WKHUaSLHV VR WKaW WKH dLVHaVH ZRQ¶W SURJUHVV WR WKH SRLQW RI ULVNLQJ
a VWURNH. CRPPRQ PHdLcaWLRQV JLYHQ aUH aQWLK\SHUWHQVLYHV WR UHdXcH bORRd SUHVVXUH, VWaWLQV WR
cRQWURO LDL cKROHVWHURO OHYHOV, aQd aQWLSOaWHOHWV WR SUHYHQW cORW IRUPaWLRQ. CaURWLd
UHYaVcXOaUL]aWLRQ LV aOVR aQ RSWLRQ IRU cHUWaLQ LQdLYLdXaOV ZKR cRXOd bHQHILW IURP addLWLRQaO
LQWHUYHQWLRQaO KHOS. TKHVH W\SHV RI VXUJLcaO LQWHUYHQWLRQV aUH RIWHQWLPHV XVHd IRU PRUH H[WUHPH
caVHV RI VWHQRVLV bXW KaYH bHHQ HIIHcWLYH LQ SUHYHQWLQJ VWURNHV RU RWKHU V\PSWRPV RI caURWLd
aUWHU\ VWHQRVLV.11

SXUJLFDO IQWHUYHQWLRQ
TKHUH aUH WKUHH PaLQ VXUJLcaO SURcHdXUHV WR WUHaW caURWLd aUWHU\ VWHQRVLV WKaW KaYH bHHQ LQVWLWXWHd
RYHU WKH SaVW VHYHQW\ \HaUV: WKH caURWLd HQdaUWHUHcWRP\ (CEA), WUaQVIHPRUaO caURWLd aUWHU\
VWHQWLQJ (TFCAS), aQd WUaQVcaURWLd aUWHU\ UHYaVcXOaUL]aWLRQ (TCAR).12

CaUoWid EndaUWeUecWom\ (CEA)
TKH caURWLd HQdaUWHUHcWRP\ (CEA) KaV bHHQ WKH JROd VWaQdaUd IRU caURWLd UHYaVcXOaUL]aWLRQ
SURcHdXUHV VLQcH WKH PLd-1900V. MaQ\ UaQdRPL]Hd cRQWUROOHd WULaOV VKRZ WKaW WKLV PHWKRd LV
VaIH aQd HIIHcWLYH aW PLQLPL]LQJ WKH ULVN RI VWURNH LQ V\PSWRPaWLc SaWLHQWV ZLWK PRdHUaWH WR
VHYHUH VWHQRVLV.13 DXULQJ WKH SURcHdXUH, IRXQd LQ FLJXUH 3, WKH VXUJHRQ SHUIRUPV aQ aUWHULRWRP\,
LQ ZKLcK KH PaNHV aQ LQcLVLRQ LQ WKH QHcN aQd caURWLd aUWHU\ aW WKH caURWLd bLIXUcaWLRQ RU ORcaWLRQ
RI WKH SOaTXH. TKH VXUJHRQ WKHQ UHPRYHV WKH SOaTXH, aQd WKH aUWHU\ LV UHSaLUHd XVLQJ VXWXUHV RU a
SaWcK ZKLcK ZLdHQV WKH OXPHQ RI WKH aUWHU\. WKLOH WKLV PHWKRd LV LQYaVLYH, LW SURdXcHV SURPLVLQJ
UHVXOWV IRU WKRVH aIIHcWHd b\ PRdHUaWH WR VHYHUH V\PSWRPaWLc caURWLd aUWHU\ VWHQRVLV.12
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FLJXUH 3. CaURWLd EQdaUWHUHcWRP\ (CEA) PURcHdXUH21

TUanVfemoUal CaUoWid AUWeU\ SWenWing (TFCAS)
TKH WUaQVIHPRUaO caURWLd aUWHU\ VWHQWLQJ (TFCAS) LQWHUYHQWLRQ ZaV LQWURdXcHd LQ 1996 aV aQ
aOWHUQaWLYH, PLQLPaOO\ LQYaVLYH WHcKQLTXH WR WKH CEA SURcHdXUH.14 DXULQJ WKH SURcHdXUH, a VKHaWK
aQd caWKHWHU aUH SOacHd LQ WKH IHPRUaO aUWHU\ LQ WKH JURLQ IROORZHd b\ a caURWLd VWHQW. TKH VWHQW LV
adYaQcHd XQWLO LW UHacKHV WKH caURWLd aUWHU\ aQd WKHQ H[SaQdHd. AQ aQJLRSOaVW\ baOORRQ LV XVHd WR
HQVXUH WKH VWHQW LV SRVLWLRQHd SURSHUO\ aJaLQVW WKH aUWHULaO ZaOO aQd VWabLOL]HV WKH SOaTXH. TKH
VXUJHRQ ZLOO XVH aQ HPbROLc SURWHcWLRQ dHYLcH WR ILOWHU aQd caWcK aQ\ dHbULV WKaW Pa\ bUHaN RII
dXULQJ WKH SURcHdXUH, aQd LQWUaRSHUaWLYH LPaJLQJ aQd cRQWUaVW PaWHULaO LV XVHd WR YLVXaOL]H WKH
YHVVHOV.14

MaQ\ VWXdLHV KaYH bHHQ cRQdXcWHd WR cRPSaUH WKH RXWcRPHV RI CEA YV. TFCAS. TKH CaURWLd
RHYaVcXOaUL]aWLRQ EQdaUWHUHcWRP\ VHUVXV SWHQWLQJ TULaO (CREST) dHWHUPLQHd WKaW cRPSRVLWH
RXWcRPHV (VWURNH/dHaWK/MI) aUH VLPLOaU bHWZHHQ WKH WZR SURcHdXUHV. UQIRUWXQaWHO\, WKH CREST
WULaO aOVR IRXQd WKaW WKH TFCAS PHWKRd KaV aQ LQcUHaVHd ULVN RI 30-da\ SHULRSHUaWLYH VWURNH
cRPSaUHd WR WKH CEA, OLNHO\ dXH WR aRUWLc aUcK PaQLSXOaWLRQ UHVXOWLQJ LQ HPbROL]aWLRQ. IQ IacW, a
PHWa-aQaO\VLV dRQH LQ 2012 IRXQd WKaW WKH 30-da\ ULVN RI SHULRSHUaWLYH VWURNH RU dHaWK ZaV 8.2%
IRU TFCAS YV. 5.0% IRU CEA.14 BHcaXVH WKH CEA LV VWLOO WKH LdHaO PHWKRd RI cKRLcH IRU
UHYaVcXOaUL]aWLRQ, WKH TFCAS LV W\SLcaOO\ RQO\ XVHd ZKHQ WKH SaWLHQW LV aW KLJK ULVN IRU WKH CEA
dXH WR LW bHLQJ aQ RSHQ VXUJHU\.
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TUanVcaUoWid AUWeU\ ReYaVcXlaUi]aWion (TCAR)
A QRYHO VWHQWLQJ PHWKRd ZaV LQWURdXcHd LQ 2015 caOOHd WKH WUaQVcaURWLd aUWHU\ UHYaVcXOaUL]aWLRQ
(TCAR) SURcHdXUH. IW cRPbLQHV caURWLd bLIXUcaWLRQ VWHQWLQJ ZLWK aQ adYaQcHd UHYHUVaO RI bORRd
IORZ, VR WKH ULVN RI SOaTXH HPbROL]aWLRQ LV PLQLPL]Hd. IQ SUHSaUaWLRQ IRU WKH SURcHdXUH, SaWLHQWV
aUH SUHVcULbHd WKH DAPT (dXaO aQWLSOaWHOHW) UHJLPHQ VWaWLQV. DXULQJ WKH SURcHdXUH, WKH VXUJHRQ
PaNHV a VPaOO LQcLVLRQ (2 WR 4 cP) MXVW abRYH WKH cROOaUbRQH LSVLOaWHUaO WR WKH aWKHURVcOHURWLc
SOaTXH. A VKHaWK LV SOacHd LQVLdH WKH caURWLd aUWHU\ aV ZHOO aV a QHXURSURWHcWLRQ V\VWHP. TKLV
V\VWHP SURYLdHV CEA-OLNH QHXURSURWHcWLRQ IRU WKH SaWLHQW WKURXJK KLJK-UaWH WHPSRUaU\ IORZ
UHYHUVaO; aQ\ bORRd IORZLQJ WR WKH bUaLQ LV UHYHUVHd aQd UHdLUHcWHd RXWVLdH WKH bRd\ ZKHUH LW JHWV
ILOWHUHd WKURXJK a dHYLcH bHIRUH LW LV UHWXUQHd WR WKH bRd\ YLa a VKHaWK LQ WKH IHPRUaO YHLQ (FLJXUH
4).

FLJXUH 4. TCAR NHXURSURWHcWLRQ S\VWHP PURYLdLQJ FORZ RHYHUVaO22

OQcH WKH IORZ UHYHUVaO V\VWHP LV LQ SOacH, a VWHQW LV SOacHd LQVLdH WKH caURWLd aUWHU\ WR VWabLOL]H
WKH SOaTXH aQd SUHYHQW IXWXUH VWURNH (FLJXUH 5) aQd IOXRURVcRS\ LV XVHd WR PRQLWRU WKH
SURcHdXUH.15
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FLJXUH 5. TCAR SWHQW IQVHUWLRQ23

TKH SULPaU\ VWXd\ cRQdXcWHd HYaOXaWLQJ WKH TCAR SURcHdXUH LV WKH SaIHW\ aQd EIILcac\ SWXd\
IRU RHYHUVH FORZ UVHd DXULQJ CaURWLd AUWHU\ SWHQWLQJ PURcHdXUH (ROADSTER). TKH LQLWLaO
UHVXOWV RI WKH TCAR SURcHdXUH aV dHVcULbHd b\ WKH ROADSTER PXOWLcHQWHU WULaO VKRZ WKaW
TCAR ZLWK ENROUTE QHXURSURWHcWLRQ V\VWHP LV a VaIH aQd HIIHcWLYH PHWKRd IRU SUHYHQWLQJ a
VWURNH. TKH 30-da\ SHULRSHUaWLYH VWURNH UaWH ZaV RQO\ 1.4% LQ VXUJLcaO KLJK-ULVN SaWLHQWV, ZKLcK
LV ORZHU WKaQ LQ SaWLHQWV ZKR Kad WKH TFCAS SURcHdXUH. AddLWLRQaOO\, 1.4% RI SaWLHQWV dLHd, aQd
0.7% RI SaWLHQWV VXIIHUHd aQ MI, WKXV UHVXOWLQJ LQ a 30-da\ VWURNH/dHaWK/MI UaWH RI 3.5%.16 TKH
ROADSTER 2 WULaO Kad a 30-da\ VWURNH/dHaWK/MI UaWH RI MXVW 1.7%.17 TKHVH ORZ UaWHV RI VWURNH,
dHaWK, aQd MI ZLWK WKH TCAR aUH PRVW OLNHO\ dXH WR aYRLdaQcH RI aRUWLc aUcK PaQLSXOaWLRQ aQd
WKH adYaQcHd QHXURSURWHcWLRQ V\VWHP. WLWK TFCAS, LW LV RIWHQ dLIILcXOW WR aYRLd aRUWLc aUcK
PaQLSXOaWLRQ ZKLcK UHVXOWV LQ HPbROL]aWLRQ aQd VXbVHTXHQW VWURNH, dHaWK, RU MI. WLWK WKH TCAR
SURcHdXUH, WKH IORZ UHYHUVaO V\VWHP aOVR SURWHcWV aJaLQVW HPbROL]aWLRQ b\ SOaTXH WKaW bUHaNV IUHH
dXULQJ WKH SURcHdXUH.16

TKH UHVXOWV RI TCAR ZHUH aOVR cRPSaUabOH WR CEA UHVXOWV, aV WKH TUaQVcaURWLd AUWHU\
RHYaVcXOaUL]aWLRQ SXUYHLOOaQcH PURMHcW VKRZHd QR VLJQLILcaQW dLIIHUHQcHV LQ 30-da\ SHULRSHUaWLYH
VWURNH RU dHaWK RXWcRPHV bHWZHHQ TCAR aQd CEA. IQ IacW, WKH UHVXOWV IRU WKH TCAR SURcHdXUH
ZHUH RbWaLQHd XVLQJ a KLJK-ULVN SaWLHQW SRSXOaWLRQ, ZKLcK VKRZV WKH VLPLOaU HIIHcWLYHQHVV RI WKH
TCAR cRPSaUHd WR CEA. TKH PaLQ dLIIHUHQcH LQ RXWcRPHV bHWZHHQ WKH TCAR aQd CEA ZaV
WKH VLJQLILcaQWO\ ORZHU UaWHV RI cUaQLaO QHUYH daPaJH ZLWK WKH TCAR SURcHdXUH. TKLV LV bHcaXVH
WKHUH LV RQO\ RQH YXOQHUabOH cUaQLaO QHUYH WKaW caQ bH LQMXUHd LQ WKH TCAR SURcHdXUH YV. IRXU LQ
WKH CEA.18 AddLWLRQaOO\, SRVLWLYH UHVXOWV ZHUH RbWaLQHd IURP VXUJHRQV ZLWK OLWWOH WR QR H[SHULHQcH
LQ WKH TCAR SURcHdXUH, ZKLcK VSHaNV WR WKH VaIHW\ RI WKH SURcHdXUH.17 TKHUH LV aOVR UHdXcHd
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RSHUaWLYH WLPH ZLWK WKH TCAR SURcHdXUH, ZKLcK LV bHQHILcLaO WR bRWK WKH VXUJHRQ aQd SaWLHQW.
TKH SUHOLPLQaU\ UHVXOWV RI TCAR VWXdLHV aUH SURPLVLQJ bHcaXVH QR RWKHU PHWKRd WR daWH KaV Kad
cRPSaUaWLYH UHVXOWV LQ RXWcRPHV WR CEA. BHcaXVH RI WKH LQWURdXcWLRQ RI WKH TCAR aQd HPHUJLQJ
daWa RQ LWV HIIHcWLYHQHVV, LW LV OLNHO\ WKaW WKH TCAR ZLOO bHcRPH WKH VWaQdaUd RI caUH LQ WKH IXWXUH
IRU UHYaVcXOaUL]aWLRQ.14

CRQFOXVLRQ
CaURWLd aUWHU\ VWHQRVLV aQd aVVRcLaWHd VWURNHV KaYH bHHQ RI cRQcHUQ aV WKH\ aUH RQH RI WKH OHadLQJ
caXVHV RI dHaWK aQd dLVabLOLW\ ZRUOdZLdH. FRUWXQaWHO\, WKHUH aUH PaQ\ W\SHV RI WUHaWPHQWV WR
PaQaJH caURWLd aUWHU\ VWHQRVLV. MHdLcaO WUHaWPHQW aQd VXUJLcaO LQWHUYHQWLRQ KaYH VKRZQ
SURPLVLQJ UHVXOWV, aQd WKH LQWURdXcWLRQ RI WKH TCAR SURcHdXUH LV a VLJQLILcaQW cRQWULbXWLRQ WR WKH
ILHOd RI YaVcXOaU VXUJHU\. TKH LPSOHPHQWaWLRQ RI WKLV QHZ PLQLPaOO\ LQYaVLYH SURcHdXUH KaV
aOUHad\ bHQHILWHd PaQ\ SaWLHQWV aQd ZLOO KRSHIXOO\ cRQWLQXH WR dR VR LQ WKH IXWXUH.
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<HVKLYD UQLYHUVLW\ JRXUQDO RI MHGLFLQH DQG DHQWLVWU\

RHYLHZ

E[HUFLVH DV D MHFKDQLVP WR CRPEDW CO9ID-19 RHODWHG
CDUGLRYDVFXODU PUREOHPV
DDYLG MDURFFR

AEVWUDFW
S\PSWRPV aQd LQIHcWLRQ RI COVID-19 YLUXV KaYH bHHQ RbVHUYHd WR YaU\ aPRQJ caUULHU SaWLHQWV.
WKLOH a PaMRULW\ RI caVHV SRVVHVV VKRUW WHUP V\PSWRPV VXcK aV ORVV RI WaVWH, cRQJHVWLRQ, IaWLJXH,
HWc, COVID-19 caQ caXVH ORQJ OaVWLQJ V\PSWRPV bH\RQd WKH LQIHcWLRXV SHULRd. TKLV LV cOLQLcaOO\
NQRZQ aV SRVW-COVID-V\QdURPH (PCS). PCS caQ OHad WR caUdLRYaVcXOaU cRPSOLcaWLRQV,
HVSHcLaOO\ LQ LQdLYLdXaOV ZLWK SUH-H[LVWLQJ KHaUW LVVXHV. E[HUcLVH LV a ZHOO NQRZQ cRPbaWaQW RI
caUdLRYaVcXOaU dLVHaVH aQd caQ bH XVHd WR PLQLPL]H WKH dHJUHH RI WKH V\PSWRPV. E[HUcLVH aOVR
KaV WKH abLOLW\ WR SUHYHQW COVID-19 V\PSWRPV aV a ZKROH b\ VWUHQJWKHQLQJ WKH caUdLRYaVcXOaU
aQd LPPXQH V\VWHP.

IQWURGXFWLRQ
IQ DHcHPbHU RI 2019, WKH COVID-19 SaQdHPLc, aOVR NQRZQ aV SARS CRV-2, WRRN WKH ZRUOd b\
VWRUP aQd bHJaQ LQIHcWLQJ PLOOLRQV RI SHRSOH. COVID-19 LV a KLJKO\ WUaQVPLVVLbOH dLVHaVH WKaW
LQIHcWV WKH UHVSLUaWRU\ V\VWHP ZLWK WKH abLOLW\ WR aIIHcW RWKHU PaMRU V\VWHPV RI WKH bRd\.1 TKRVH
ZKR KaYH bHHQ LQIHcWHd VHYHUHO\ HQRXJK VXIIHU ORQJ OaVWLQJ V\PSWRPV, a SKHQRPHQRQ caOOHd
SRVW-COVID-V\QdURPH. DHSHQdLQJ RQ WKH VHYHULW\ RI LQIHcWLRQ aQd WKH LQdLYLdXaO, ORQJ OaVWLQJ
HIIHcWV YaU\ IURP ORVV RI WaVWH aQd VPHOO WR cKURQLc IaWLJXH aQd KHadacKHV. TKHUH KaV aOVR bHHQ a
UHSRUWHd LPSacW RQ WKH caUdLRYaVcXOaU V\VWHP RI WKRVH ZKR VXIIHU IURP SRVW-COVID-V\QdURPH,
LQcOXdLQJ cKHVW WLJKWQHVV, SaOSLWaWLRQV, V\QcRSH, d\VaXWRQRPLa, K\SRWHQVLRQ aQd RWKHU KHaUW
UHOaWHd LOOQHVVHV.2 WKLOH WUHaWPHQW IRU VHOHcW LVVXHV LV aYaLOabOH, UHVHaUcK VKRZV WKaW WKRVH
LQYROYHd LQ daLO\ SK\VLcaO H[HUcLVH UHdXcH WKHLU OLNHOLKRRd RI dHYHORSLQJ caUdLRYaVcXOaU LVVXHV
ZKHQ LQIHcWHd ZLWK COVID-19, aV ZHOO aV UHdXcH WKH VHYHULW\ RI WKHLU V\PSWRPV LI WKH\ dR
RccXU.2

SRVW-CO9ID-V\QGURPH
AccRUdLQJ WR WKH UQLWHd KLQJdRP NaWLRQaO HHaOWK SHUYLcH, SRVW-COVID-V\QdURPH (PCS) LV
dHILQHd aV ³XQH[SOaLQHd, SHUVLVWLQJ VLJQV RU V\PSWRPV RYHU 12 ZHHNV, dHYHORSHd dXULQJ RU aIWHU
WKH COVID-19 LQIHcWLRQ.´2 TKH V\PSWRPV IRU SRVW-COVID-V\QdURPH aUH QXPHURXV aQd
ZLdH-UaQJLQJ. SWXdLHV KaYH VKRZQ WKaW SHRSOH ZLWK PCS cRQWLQXH WR VXIIHU IURP a PXOWLWXdH RI
aLOPHQWV LQcOXdLQJ VHYHUH bRd\ aVKHV, PLJUaLQHV, aQd cKURQLc IaWLJXH HYHQ PRQWKV aIWHU bHLQJ
LQIHcWHd.3 AQ RQOLQH VXUYH\ UHSRUWHd PRUH WKaQ 200 OaVWLQJ V\PSWRPV aPRQJ SHRSOH ZKR KaYH
H[SHULHQcHd PCS.2
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PRVW-COVID V\QdURPH LV a UHOaWLYHO\ cRPPRQ RccXUUHQcH. A VWXd\ WKaW bHJaQ LQ ASULO 2020 b\
WKH UK¶V OIILcH IRU NaWLRQaO SWaWLVWLcV VKRZHd WKaW 13.7% RI SHRSOH ZKR WHVWHd SRVLWLYH IRU
COVID-19 bHWZHHQ ASULO 26, 2020 aQd MaUcK 6, 2021 cRQWLQXHd WR VKRZ V\PSWRPV aIWHU 12
ZHHNV.2 TKLV VLJQLILHV WKaW aOWKRXJK PRVW SHRSOH RYHUcRPH WKH HIIHcWV RI COVID-19, a
VLJQLILcaQW QXPbHU RI SHRSOH dR QRW. TKH QXPbHUV aUH VWaJJHULQJ ZKHQ cRQVLdHULQJ WKRVH ZKR
ZHUH KRVSLWaOL]Hd ZLWK COVID. A UHYHaOLQJ VWXd\ LQdLcaWHd WKaW XS WR 87% RI SHRSOH ZKR ZHUH
RQcH KRVSLWaOL]Hd ZLWK COVID-19 VKRZ ORQJ OaVWLQJ V\PSWRPV.4

UQIRUWXQaWHO\, WKHUH aUH PaQ\ TXHVWLRQV \HW WR bH aQVZHUHd UHJaUdLQJ WKLV cRQdLWLRQ UHJaUdLQJ
WKH caXVHV aQd SRVVLbOH WUHaWPHQWV. MHdLcaO SURIHVVLRQaOV aUH VWLOO WU\LQJ WR dHWHUPLQH LWV caXVH
aQd ZK\ PaWWHUV VXcK aV VHYHULW\ RI LQIHcWLRQ dR QRW dLUHcWO\ cRUUHOaWH WR WKH VHYHULW\ RI WKH
V\QdURPH. FRU H[aPSOH, QRQ-KRVSLWaOL]Hd COVID YLcWLPV KaYH UHSRUWHd OaVWLQJ HIIHcWV. IQ a
VWXd\ SXbOLVKHd LQ SHSWHPbHU 2021 RQ QRQ-KRVSLWaOL]Hd COVID-19 YLcWLPV, 30% UHSRUWHd
IaWLJXH aQd 37% UHSRUWHd cRJQLWLYH LPSaLUPHQW aIWHU LQIHcWLRQ.4 PRVW-COVID-V\QdURPH KaV aOVR
bHHQ VKRZQ WR bH a VHYHUH ULVN RQ WKRVH ZLWK caUdLRYaVcXOaU LVVXHV aQd KaV WKH abLOLW\ WR caXVH
WKH dHYHORSPHQW RI KHaUW cRQdLWLRQV aV ZHOO.

IPPXQH S\VWHP RHVSRQVH WR HHDUW IQIHFWLRQ
IQ RUdHU WR ILJKW LQIHcWLRQ, WKH LPPXQH V\VWHP PXVW acW TXLcNO\ LQ RUdHU WR PLQLPL]H bRWK dLUHcW
aQd LQdLUHcW daPaJH WR WKH KHaUW. TKH bHJLQQLQJ VWaJH RI P\RcaUdLWLV bHJLQV ZLWK YLUaO
UHSOLcaWLRQ aQd dLUHcW daPaJH WR WKH PXVcXOaU WLVVXH RI WKH KHaUW. WKHQ WKLV RccXUV, WKH YLUXV LV
UHcRJQL]Hd b\ KRVW IacWRUV caOOHd SaWWHUQ UHcRJQLWLRQ UHcHSWRUV (PRRV). TKHVH IacWRUV VWLPXOaWH
WKH SURdXcWLRQ RI aQWLYLUaO SURWHLQV WKaW LQLWLaWH WKH LPPXQH UHVSRQVH aQd KHaUW WLVVXH UHSaLU.
FLUVWO\, WKH LQQaWH LPPXQH V\VWHP aWWacNV ZLWK QHXWURSKLOV, QaWXUaO NLOOHU cHOOV aQd PacURSKaJHV.
TKLV LV IROORZHd OaWHU RQ b\ WKH UHVSRQVH RI WKH adaSWLYH LPPXQH V\VWHP. TKH VHcRQd VWaJH RI
P\RcaUdLWLV cRQVLVWV RI LPPXQH-PHdLaWHd daPaJH. TKLV KaSSHQV aV a UHVXOW RI ³caUdLR
PRdXOaWRU\ c\WRNLQHV b\ LPPXQH cHOOV, IURP WKH UHOHaVH RI c\WRWR[Lc PROHcXOHV WKaW daPaJH
KHaOWK\ cHOOV, RU IURP WKH SUHVHQcH RI caUdLac aXWRaQWLbRdLHV.´5 DHSHQdLQJ RQ WKH VHYHULW\ RI
LQIHcWLRQ aV ZHOO aV WKH LQdLYLdXaO, WKH dLVHaVH Pa\ bH UHVROYHd RU cRQWLQXH LQWR a PRUH VHYHUH,
cKURQLc SKaVH.

CO9ID-19 DQG M\RFDUGLDO IQIDUFWLRQ
COVID-19 KaV WKH abLOLW\ WR dLVUXSW IXQcWLRQV RI WKH bRd\. APRQJ WKH IXQcWLRQV LQWHUUXSWHd, WKH
caUdLRYaVcXOaU V\VWHP VWaQdV RXW bHcaXVH RI COVID-19¶V KaUPIXO HIIHcWV. FLUVWO\, LW LV LPSRUWaQW
WR XQdHUVWaQd KRZ COVID-19 accHVVHV WKH cHOOV. TKH ACE2 SURWHLQ LV a caUdLRSURWHcWLYH
WUaQVPHPbUaQH SURWHLQ ZKLcK LV IRXQd LQ JUHaW aPRXQWV LQ WKH P\RcaUdLaO WLVVXH. TKH COVID-19
YLUXV aWWacKHV WR WKH ACE2 UHcHSWRU WR JaLQ accHVV WR WKH cHOO, aQd dRZQUHJXOaWHV LWV H[SUHVVLRQ.6

A VWXd\ SHUIRUPHd RQ PLcH LQIHcWHd ZLWK WKH KXPaQ VWUaLQ RI SARS-CRV ZaV cRQdXcWHd WR
H[aPLQH ACE2 SURWHLQ H[SUHVVLRQ LQ WKH KHaUWV RI WKRVH LQIHcWHd. TKH VWXd\ IRXQd WKaW WKH
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SUHVHQcH RI SARS-CRV LQ WKH KHaUW ZaV aVVRcLaWHd ZLWK WKH UHdXcWLRQ RI ACE2 SURWHLQ
H[SUHVVLRQ.7

DXH WR COVID-19¶V abLOLW\ WR aWWacN WKH KHaUW, PaQ\ SHRSOH cRQWLQXH WR VXIIHU IURP
COVID-UHOaWHd KHaUW LVVXHV. TKLV KaV WKH abLOLW\ WR cRPSOLcaWH SUH-H[LVWLQJ dLVHaVHV aQd
RIWHQWLPHV caQ ZRUVHQ WKHP. PaWLHQWV ZLWK CRQJHVWLYH HHaUW FaLOXUH (CHF) aUH SaUWLcXOaUO\
YXOQHUabOH WR cRPSOLcaWLRQV. CHF RccXUV ZKHQ WKH KHaUW caQQRW SURSHUO\ SXPS bORRd WR WKH bRd\
dXH WR ZHaNQHVVHV LQ WKH KHaUW PXVcOH.8 IQ VRPH caVHV, WKHUH LV aQ H[cHVV SRROLQJ RI bORRd LQ
cHUWaLQ SaUWV RI WKH bRd\ VXcK aV WKH OHJV, bHOO\ RU HYHQ WKH OXQJV.9 AV RI 2017, aSSUR[LPaWHO\ 5.7
PLOOLRQ SHRSOH LQ WKH UQLWHd SWaWHV ZHUH UHSRUWHd WR KaYH CHF ZLWK HVWLPaWHV RI WKH US UHacKLQJ
8 PLOOLRQ b\ 2030.8 TKHUH LV QR VLQJXOaU caXVH IRU CHF, bXW WKRVH ZKR VPRNH aQd dULQN UHJXOaUO\,
RU dR QRW PaLQWaLQ a KHaOWK\ dLHW aQd ZHLJKW aUH PRUH OLNHO\ WR dHYHORS CHF.9

WLWK UHJaUd WR COVID-19 aQd CHF, PRUWaOLW\ UaWHV aQd KRVSLWaOL]aWLRQ WLPH IRU SHRSOH ZLWK bRWK
ZHUH RbVHUYHd WR bH KLJKHU WKaQ WKRVH ZLWKRXW CHF. DXULQJ a VWXd\ cRQdXcWHd LQ 2021 aW MRXQW
SLQaL HRVSLWaO V\VWHPV LQ NHZ YRUN, a WRWaO RI 6,439 SaWLHQWV ZHUH adPLWWHd WR WKH KRVSLWaO dXH WR
COVID-19, 422 RI WKHP ZLWK a KLVWRU\ RI CHF. CRPSaUHd WR WKH COVID-19 SaWLHQWV ZLWKRXW a
KLVWRU\ RI CHF, WKRVH ZLWK a KLVWRU\ Kad KLJKHU V\VWROLc bORRd SUHVVXUH aQd ORZHU R[\JHQ
VaWXUaWLRQ. TKH\ aOVR ZHUH aW a JUHaWHU ULVN IRU PHcKaQLcaO YHQWLOaWLRQ aQd RQ aYHUaJH VSHQW WZR
PRUH da\V LQ WKH KRVSLWaO WKaQ WKRVH ZLWKRXW a KLVWRU\ RI CHF.10 TKLV LQdLcaWHV WKaW COVID-19
KaV WKH abLOLW\ WR cRPSOLcaWH SUH-H[LVWLQJ KHaUW cRQdLWLRQV aQd SXW VRPH SHRSOH aW a JUHaWHU ULVN RI
dHYHORSLQJ OaVWLQJ HIIHcWV.

COVID-19 KaV WKH abLOLW\ WR aWWacN WKH KHaUW, caXVLQJ RU cRQWULbXWLQJ WR KHaUW UHOaWHd SURbOHPV.
BXW WKH HIIHcWV RI COVID-19 aUH QRW MXVW UHOaWHd WR CHF. TKHUH LV aOVR a dLUHcW UHOaWLRQVKLS
bHWZHHQ SHRSOH ZLWK caUdLac dLVHaVHV aQd PRUWaOLW\ aQd PRUbLdLW\ (2). IQ RUdHU WR aYRLd WKHVH
LVVXHV, LW LV YHU\ LPSRUWaQW IRU SHRSOH WR SXW WKHPVHOYHV RXW RI ULVN RI KHaUW UHOaWHd dLVHaVHV.
WKLOH VcUHHQLQJ IRU dLVHaVHV LV a VWaUW, LW Pa\ cRPH WRR OaWH LQ cHUWaLQ caVHV. A ZHOO VWXdLHd aLd WR
SUHYHQWLQJ KHaUW dLVHaVH, KRZHYHU, LV H[HUcLVH. UQOLNH VcUHHQLQJ, H[HUcLVH caQ QHYHU cRPH WRR
OaWH aQd KaV LPPHdLaWH bHQHILWV. E[HUcLVH caQ SURWHcW aJaLQVW caUdLRYaVcXOaU dLVHaVH aV ZHOO aV
WKH HIIHcWV RI COVID-19.

E[HUFLVH IPSURYHV CDUGLRYDVFXODU HHDOWK
OQH RI WKH PRVW XQLYHUVaOO\ accHSWHd LdHaV LV WKaW H[HUcLVH KaV WUHPHQdRXV KHaOWK bHQHILWV aQd
caQ LPSURYH PaQ\ aVSHcWV RI SK\VLcaO KHaOWK, LQcOXdLQJ WKH caUdLRYaVcXOaU V\VWHP (FLJXUH 1).
NXPHURXV VWXdLHV KaYH VKRZQ WKaW daLO\ SK\VLcaO H[HUcLVH cRQWULbXWHV WR a KHaOWKLHU KHaUW.2

HRZHYHU, HYHQ ZLWK WKH HYLdHQcH IURP WKHVH VWXdLHV, PaQ\ SHRSOH aUH XQabOH WR VWaUW dRLQJ VXcK
H[HUcLVH. AccRUdLQJ WR WKH CHQWHU IRU DLVHaVH CRQWURO aQd PUHYHQWLRQ (CDC), OHVV WKaQ 25% RI
WKH adXOW SRSXOaWLRQ LQ WKH UQLWHd SWaWHV SHUIRUP daLO\ H[HUcLVH.2 TKLV PHaQV WKaW SHRSOH aUH
SXWWLQJ WKHPVHOYHV aW a KLJKHU ULVN RI caUdLRYaVcXOaU LVVXHV bHcaXVH WKH\ aUH QRW VWUHQJWKHQLQJ

107 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



WKHLU KHaUW, UHJaUdOHVV RI ZKHWKHU RU QRW WKH\ cRQWUacW COVID-19. II WKH\ dR cRQWUacW WKH dLVHaVH,
WKHUH LV aQ HYHQ KLJKHU ULVN RI dHYHORSLQJ LVVXHV bHcaXVH WKH\ PLJKW KaYH a ZHaNHU
caUdLRYaVcXOaU V\VWHP dXH WR WKHLU SK\VLcaO LQacWLYLW\ .

FLJXUH 1. PoVVible beneficial oXWcomeV of e[eUciVing on common poVW-COVID-19 V\ndUome
V\mpWomV. (AdapWed fUom UefeUence 2)

TKH caUdLRYaVcXOaU V\VWHP LV JUHaWO\ LPSURYHd b\ SK\VLcaO H[HUcLVH. WKHQ bORRd WUaYHOV WKURXJK
WKH bRd\, LW UHOHaVHV R[\JHQ WKaW LV QHHdHd IRU RXU bRd\ WR IXQcWLRQ. CaUdLRYaVcXOaU H[HUcLVH
LPSURYHV WKH KHaUW¶V abLOLW\ WR SXPS WKH bORRd aURXQd aQd WKHUHb\ VXSSO\ R[\JHQ WR WKH UHVW RI
RXU bRd\. WKHQ RQH UXQV, WKH bRd\ UHTXLUHV PRUH HQHUJ\ LQ RUdHU WR PRYH, VR WKH KHaUW PXVW
ZRUN KaUdHU aQd bORRd LV PRUH TXLcNO\ SXPSHd WKURXJK WKH bRd\. II bORRd LV IORZLQJ WKURXJK WKH
bRd\ PRUH TXLcNO\, WKHQ VXSSO\ RI R[\JHQ WR WKH PXVcOHV LQcUHaVHV, LPSURYLQJ WKHLU abLOLWLHV.11

E[HUcLVH WUaLQV WKH bRd\ WR SXPS bORRd IaVWHU aQd LQcUHaVH SURdXcWLRQ aQd HIILcLHQc\.

TKRVH ZLWK CHF aOVR KaYH a UHSRUWHd ORZHU SHaN R[\JHQ cRQVXPSWLRQ (V02 Ma[). PHaN R[\JHQ
cRQVXPSWLRQ LV dHILQHd aV WKH ³SURdXcW RI caUdLac RXWSXW (CO) aQd aUWHULRYHQRXV R[\JHQ (AVO2)
dLIIHUHQcH.´11 TKH\ aUH QRW UHcHLYLQJ adHTXaWH R[\JHQ aPRXQWV, aQd WKHLU KHaUWV aUH QRW
IXQcWLRQLQJ WRWaOO\ SURSHUO\ aV a UHVXOW RI WKH ORZHU R[\JHQ OHYHOV caXVHd b\ WKH KHaUW dLVHaVH.
E[HUcLVH caQ LPSURYH WKH V02 Pa[ WKRXJK. IQ a VWXd\ cRQVLVWLQJ RI RYHU 2,102 LQdLYLdXaOV aJHd
60 aQd ROdHU, aHURbLc H[HUcLVH, RU ³caUdLR´, caXVHd a 16.3% LQcUHaVH LQ SHaN R[\JHQ
cRQVXPSWLRQ.11 V02 Pa[ LV LPSRUWaQW bHcaXVH LW LV aQ LQdLcaWRU RI KRZ ZHOO aQ LQdLYLdXaO'V KHaUW
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LV SXVKLQJ bORRd aURXQd WKH bRd\.11 TKHUHIRUH, RQH ZLWK a KLJKHU SHaN R[\JHQ cRQVXPSWLRQ KaV a
KLJKHU IXQcWLRQLQJ KHaUW.

MaQ\ RWKHU cOLQLcaO WULaOV KaYH VKRZQ WKaW PRdHUaWH daLO\ H[HUcLVH caQ LPSURYH WKH
caUdLRYaVcXOaU V\VWHP. A VWXd\ cRQdXcWHd RYHU a 4 PRQWK SHULRd ZaV dRQH LQ RUdHU WR dHWHUPLQH
WKH HIIHcWV RI LQSXWWLQJ H[HUcLVH LQ WKH daLO\ URXWLQH RI LQdLYLdXaOV ZKR KaYH PHWabROLc V\QdURPH.
MHWabROLc V\QdURPH LV dHILQHd aV a cOXVWHU RI cRQdLWLRQV WKaW LQcUHaVHV WKH ULVN RI KHaUW dLVHaVH.11

TKH VWXd\ UHSRUWHd WKaW aIWHU WKH 4 PRQWKV, WKH LQdLYLdXaOV ³Kad UHdXcHd adLSRVLW\, dHcUHaVHd
V\VWROLc, dLaVWROLc aQd PHaQ aUWHULaO bORRd SUHVVXUH, aQd ORZHU WRWaO aQd ORZ-dHQVLW\ OLSRSURWHLQ
(LDL) cKROHVWHURO OLSLd SURILOHV cRPSaUHd WR WKH cRQWURO JURXS.´11 PaUWLcLSaQWV RI WKH VWXd\ ZHUH
IRXQd WR bH aW a OHVVHU ULVN IRU KHaUW dLVHaVH dXH WR SK\VLcaO acWLYLW\.

ObHVLW\ LV aQRWKHU IacWRU WKaW caQ LQcUHaVH WKH ULVN RI KHaUW dLVHaVH. ObHVH LQdLYLdXaOV UHTXLUH
PRUH bORRd WR VXSSO\ WKHLU bRdLHV ZLWK R[\JHQ. TKLV UHVXOWV LQ aQ LQcUHaVH LQ bORRd SUHVVXUH aV
WKH bRd\ ZRUNV KaUdHU WR PRYH PRUH bORRd aURXQd WKH bRd\.11 E[HUcLVH dHcUHaVHV bRd\ IaW,
ORZHULQJ WKH ULVN RI KHaUW dLVHaVHV. EYHQ ZaONLQJ a cHUWaLQ aPRXQW RI dLVWaQcH SHU da\ caQ
VLJQLILcaQWO\ LQcUHaVH caUdLRUHVSLUaWRU\ ILWQHVV LQ RbHVH LQdLYLdXaOV aQd XOWLPaWHO\ ORZHU WKH ULVN
RI caUdLRYaVcXOaU dLVHaVH.11

E[HUcLVH HYHQ KaV bHQHILWV IRU LQdLYLdXaOV ZKR KaYH aOUHad\ bHHQ dLaJQRVHd ZLWK a dLVHaVH. EYHQ
WKRXJK WKH\ caQ QR ORQJHU SUHYHQW WKH dLVHaVH IURP RccXUULQJ, LW dRHV QRW PHaQ H[HUcLVH ZLOO QRW
LPSURYH WKHLU KHaOWK. E[HUcLVH caQ bH XVHd aV a WKHUaSHXWLc WUHaWPHQW LQ WKRVH ZKR KaYH
caUdLRYaVcXOaU dLVHaVH aQd caQ VLJQLILcaQWO\ dHcUHaVH PRUWaOLW\ UaWH aPRQJVW WKHVH SHRSOH ZKLOH
KaYLQJ WKH abLOLW\ WR LPSURYH WKHLU cRQdLWLRQV.12 AQ H[aPSOH RI WKLV caQ bH IRXQd LQ SaWLHQWV ZLWK
CHF ZKR SHUIRUPHd 4 ZHHNV RI KLJK LQWHQVLW\ LQWHUYaO WUaLQLQJ (HIIT). TKH UHVXOWV RI WKH VWXd\
VKRZHd WKaW WKHVH LQdLYLdXaOV Kad aQ LPSURYHd SHaN R[\JHQ cRQVXPSWLRQ aQd UHdXcHd dLaVWROLc
d\VIXQcWLRQ.11

TKHUH LV aOVR a dLUHcW cRUUHOaWLRQ bHWZHHQ H[HUcLVH aQd WKH LPPXQRORJLcaO UHVSRQVH. FacWRUV VXcK
aV LQWHQVLW\ aQd IUHTXHQc\ RI H[HUcLVH KaYH LPSacWV aV ZHOO. FRU H[aPSOH, PXVcOH cRQWUacWLRQ
SURPRWHV WKH UHOHaVH RI bRWK SUR aQd aQWLLQIOaPPaWRU\ c\WRNLQHV aW OHYHOV WKaW YaU\ baVHd RQ
LQWHQVLW\ aQd dXUaWLRQ RI WKH PRYHPHQW (FLJXUH 1).13 TKH UHOHaVH RI c\WRNLQHV UHcUXLW QHXWURSKLOV
WR WKH VLWH, ZKLcK HQJXOI aQd dHVWUR\ LQIHcWLQJ SaWKRJHQV. PK\VLcaO acWLYLW\ aOVR LQcUHaVHV WKH
cRQcHQWUaWLRQ RI OHXNRc\WHV cLUcXOaWLQJ LQ WKH bORRd. TKLV cRQcHQWUaWLRQ UHPaLQV aW LWV SHaN
30-120 PLQXWHV aIWHU H[HUcLVH aQd caQ SHUVLVW IRU aOPRVW 24 KRXUV.13

CRQFOXVLRQ
EYLdHQWO\, COVID-19 caQ caXVH cRPSOLcaWLRQV LQ WKH caUdLRYaVcXOaU V\VWHP aQd OHad WR
ZRUVHQLQJ V\PSWRPV RI SRVW-COVID-V\QdURPH. TKHUHIRUH, LW LV LPSRUWaQW IRU SHRSOH WR H[HUcLVH
WR LPSURYH WKHLU caUdLRYaVcXOaU KHaOWK, aV ZHOO aV bRRVW WKHLU LPPXQH UHVSRQVH WR LQIHcWLRQ.
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E[HUcLVH caQ SUHYHQW KHaUW UHOaWHd LVVXHV, PaNLQJ LW LPSRUWaQW IRU SHRSOH WR H[HUcLVH VR WKaW
COVID-19 ZLOO KaYH a OLPLWHd HIIHcW RQ caUdLRYaVcXOaU dLVHaVHV. FRU LQdLYLdXaOV aOUHad\
VXIIHULQJ IURP KHaUW dLVHaVH, LW LV LPSRUWaQW IRU WKHP WR H[HUcLVH aV a PHcKaQLVP WR LPSURYH WKHLU
VWaWH RI KHaOWK. TKLV ZLOO UHdXcH WKH OLNHOLKRRd RI SRVW-COVID-V\QdURPH.
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<HVKLYD UQLYHUVLW\ JRXUQDO RI MHGLFLQH DQG DHQWLVWU\

DRFXPHQWDU\

SWRS LW BHIRUH LW SWDUWV: OUDO HHDOWK CDUH DLVSDULWLHV
RHQHH BHQMDPLQL

AEVWUDFW
TRRWK dHca\, RU dHQWaO caULHV, caQ bHJLQ LQ HaUO\ cKLOdKRRd. TKRXJK, LW cRQVLVWHQWO\ aIIHcWV SHRSOH
RI aOO aJHV acURVV WKH ZRUOd. TRRWK dHca\ LV caXVHd b\ bacWHULa LQ WKH RUaO caYLW\ WKaW caQ cUHaWH a
bLRILOP cRQdXcLYH WR LWV JURZWK. TKH bacWHULa SURdXcHV cRPSRXQdV ZKLcK ZLOO cRQWLQXH WR HaW
aZa\ aW WRRWK PaWHULaO IXUWKHU LQWR WKH URRW XQWLO SaLQ aQd LQIHcWLRQ bHJLQ ² XQOHVV VWRSSHd b\
WUHaWPHQW. UQIRUWXQaWHO\, WUHaWPHQW LV RIWHQ LQaccHVVLbOH. OUaO KHaOWK VWaWXV LV aIIHcWHd b\ PaQ\
IacWRUV ZKLcK UHVXOW LQ JORbaO dLVSaULWLHV. A dHWHULRUaWHd RUaO KHaOWK VWaWXV LV PRUH cRPPRQ
aPRQJ LQdLYLdXaOV ZLWK ULVN IacWRUV, OLNH a ORZ VRcLR-dHPRJUaSKLc VWaWXV. TKH cRVW RI caUH IRU WKH
UaPSaQW aPRXQW RI XQWUHaWHd caULHV LV WRR KLJK IRU PaQ\ ORZ-LQcRPH cRXQWULHV WR cRYHU.
TKHUHIRUH, LW IaOOV XSRQ VXSSOHPHQWaO RUJaQL]aWLRQV WR cORVH WKH JaS LQ JORbaO RUaO KHaOWK caUH
WKURXJK HdXcaWLRQ aQd WUHaWPHQW.

IQWURGXFWLRQ
TKH OLIHORQJ VWUXJJOH ZLWK RUaO KHaOWK RIWHQ bHJLQV LQ HaUO\ cKLOdKRRd aQd ZLOO cRQWLQXH WR
SURJUHVV WKURXJKRXW adXOWKRRd. OUaO KHaOWK caUH LV HVVHQWLaO WR SUHYHQW VHULRXV LVVXHV. WKHQ WKH
RUaO caYLW\ LV QRW caUHd IRU SURSHUO\ WKHUH aUH a VOHZ RI HYHQWV WKaW WaNH SOacH XOWLPaWHO\ OHadLQJ
WR SaLQ, daPaJH, aQd LQcUHaVHd RYHUaOO KHaOWK ULVNV. BacWHULa SUHVHQW LQ WKH RUaO caYLW\ XWLOL]HV WKH
IRRd aQ LQdLYLdXaO HaWV aQd SURdXcHV OacWLc acLdV. TKH acLd VORZO\ dHVWUR\V WKH Oa\HUV RI WKH WHHWK
caXVLQJ PRUH adYaQcHd LVVXHV XQOHVV LW LV LdHQWLILHd aQd WUHaWHd aW WKH RQVHW.

7RRWK DHFD\
TKH PRVW SURPLQHQW dHQWaO dLVHaVHV aUH WRRWK dHca\ (aOVR NQRZQ aV dHQWaO caULHV) aQd JXP
dLVHaVH (aOVR NQRZQ aV SHULRdRQWaO dLVHaVH) ² WRRWK dHca\ LV PRUH ZLdHVSUHad. TKH SURcHVV RI
WRRWK dHca\ RccXUV LQ a cRQVLVWHQW PaQQHU. TKH bacWHULa, SWUepWococcXV mXWanV, LV SUHVHQW QHaUO\
HYHU\ZKHUH, cRQVHTXHQWO\ ZLWKLQ WKH PRXWK. AV WKH bacWHULa SUROLIHUaWHV LW ZLOO IRUP SOaTXHV
ZKLcK cUHaWH a VWLcN\ ILOP RQ WKH WHHWK. TKH bLRILOP SURYLdHV a IaYRUabOH HQYLURQPHQW IRU WKH
bacWHULa. TRRWK dHca\ bHJLQV aV a UHVXOW RI OacWLc acLdV RQ WKH HQaPHO ZKLcK aUH b\SURdXcWV RI WKH
bacWHULa bUHaNLQJ dRZQ VXJaUV IRXQd LQ WKH IRRdV aQ LQdLYLdXaO HaWV. TKH OacWLc acLd caXVHV
dHPLQHUaOL]aWLRQ, RU WKH ORVV RI caOcLXP SKRVSKaWH, IURP WKH HQaPHO. TKLV caXVHV WKH WRRWK WR
VRIWHQ aQd HYHQWXaOO\ cROOaSVH ² IRUPLQJ a caYLW\.

II a caYLW\ LV LdHQWLILHd dXULQJ WKH HaUO\ VWaJHV ² ZKLOH LW LV VWLOO cRQILQHd WR WKH HQaPHO ² dHca\
caQ bH KaOWHd b\ a ILOOLQJ. HRZHYHU, ZKHQ OHIW XQWUHaWHd, LW ZLOO cRQWLQXH WR ³HaW WKURXJK´ WKH
dHQWLQ aQd HYHQWXaOO\ WKH SXOS (FLJXUH 1). LQdLcaWHV WKH PRUSKRORJ\ RI a WRRWK. OQcH WKH bacWHULa

111 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



KaV LQYadHd WKH SXOS WKH SaLQ aQd LQIHcWLRQ caQQRW bH WUHaWHd WKURXJK a ILOOLQJ. RaWKHU LW ZLOO
UHTXLUH a URRW caQaO WUHaWPHQW RU RIWHQ aQ H[WUacWLRQ.1

FLJXUH 1. TooWh moUpholog\

DLVSDULWLHV LQ OUDO HHDOWK
HHaOWK LLWHUac\ LV dHILQHd aV ³WKH dHJUHH WR ZKLcK LQdLYLdXaOV KaYH WKH caSacLW\ WR RbWaLQ,
SURcHVV, aQd XQdHUVWaQd baVLc KHaOWK LQIRUPaWLRQ aQd VHUYLcHV QHHdHd WR PaNH aSSURSULaWH KHaOWK
dHcLVLRQV.´2 AccRUdLQJ WR a VWXd\ dRQH, WKH LQdLYLdXaOV ZLWK ORZHVW RUaO KHaOWK OLWHUac\ ZHUH WKH
SRRU, ORZ OHYHOV RI HdXcaWLRQ, PLQRULWLHV, aQd WKH HOdHUO\.3 NXPHURXV VWXdLHV aQd PHWa-aQaO\VHV
KaYH bHHQ dRQH WR aVVHVV WKH dLVSaULWLHV LQ RUaO KHaOWK, WKHLU caXVHV, aQd dLUHcWLYHV WR PLWLJaWH
WKHP.

TKHUH LV a VWURQJ cRUUHOaWLRQ bHWZHHQ ORZ OUaO HHaOWK LLWHUac\ aQd KLJK ULVN IRU RUaO dLVHaVHV
aQd WKHLU aVVRcLaWHd SURbOHPV.4 UQIRUWXQaWHO\, LQdLYLdXaOV ZLWK ORZ KHaOWK OLWHUac\ aUH OHVV OLNHO\
WR XWLOL]H SUHYHQWaWLYH PHaVXUHV aQd LQVWHad VHHN HPHUJHQc\ caUH UHVXOWLQJ LQ PRUH H[SHQVLYH
aQd LQYaVLYH SURcHdXUHV.3 BRWK RQ WKH JORbaO aQd QaWLRQaO OHYHOV WKHUH aUH LQHTXaOLWLHV LQ RUaO
KHaOWK.

WLWKLQ WKH UQLWHd SWaWHV ORZ LQcRPH LV dLUHcWO\ cRUUHOaWHd ZLWK a KLJKHU RccXUUHQcH RI XQWUHaWHd
caULHV b\ IacWRUV XS WR WKUHH WLPHV WKRVH RI LQdLYLdXaOV ZLWK KLJKHU LQcRPHV, acURVV aOO aJHV. 17%
RI cKLOdUHQ bHWZHHQ WKH aJHV RI 2-5 LQ ORZ LQcRPH KRXVHKROdV VXIIHU IURP XQWUHaWHd caYLWLHV LQ
WKHLU SULPaU\ WHHWK. TKLV LV WKUHH WLPHV WKaW RI cKLOdUHQ IURP KLJKHU LQcRPH KRPHV LQ WKH UQLWHd
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SWaWHV. TKH dLVSaULWLHV aUH QRW VROHO\ VRcLRHcRQRPLc, OHYHO RI HdXcaWLRQ VLPLOaUO\ SOa\V a IacWRU.
BHWZHHQ WKH aJHV 20-64, adXOWV ZLWK OHVV WKaQ a KLJKVcKRRO HdXcaWLRQ aUH QHaUO\ 3 WLPHV aV OLNHO\
WR KaYH XQWUHaWHd caYLWLHV aV WKRVH ZKR aWWHQdHd a cROOHJH.5 IW LV aSSaUHQW WKaW LQdLYLdXaOV aUH OHVV
OLNHO\ WR VHHN caUH dXH WR OacN RI SURSHU HdXcaWLRQ abRXW RUaO KHaOWK caUH aQd OacN RI accHVV dXH
WR aIIRUdabLOLW\.

GORbaOO\ WKH SURbOHP LV YHU\ VLPLOaU WR WKaW LQ WKH UQLWHd SWaWHV. A VWXd\ ZaV dRQH WR aVVHVV WKH
bXUdHQ, WUHQdV, aQd LQHTXaOLWLHV RI XQWUHaWHd caULHV LQ bRWK SHUPaQHQW aQd SULPaU\ WHHWK bHWZHHQ
WKH \HaUV 1990 WR 2019 aW PaQ\ dLIIHUHQW OHYHOV, XWLOL]LQJ aQaO\WLc PHWKRdV. UQWUHaWHd caULHV ZHUH
IRXQd WR bH WKH PRVW ZLdHVSUHad KHaOWK cRQdLWLRQ LQ 2019. IW ZaV VLPLOaUO\ WKH OHadLQJ dLVHaVH LQ
cKLOdUHQ bHWZHHQ 0 aQd 14 \HaUV RI aJH. TKH LVVXH VSaQV acURVV WKH ZRUOd, aQd ZaV HYHQ IRXQd WR
bH WKH PRVW SUHYaOHQW dLVHaVH LQ 5 RI WKH 7 QaPHd GORbaO BXUdHQ RI DLVHaVH VXSHU-UHJLRQV.6

TKURXJK JORbaO aQaO\VLV, WKH aWWULbXWLRQ WR WKH bXUdHQ RI XQWUHaWHd caULHV LQ SHUPaQHQW WHHWK b\
VRcLRdHPRJUaSKLc LQHTXaOLW\ ZaV aVVHVVHd. TKH UHVXOWV VKRZHd WKaW VRcLRHcRQRPLcaOO\ dHSULYHd
SHRSOH VKRZHd KLJKHU caULHV SUHYaOHQcH, aQd PRUH cRPPRQO\ ZLWKLQ dHYHORSHd cRXQWULHV. IW ZaV
IRXQd WKaW ZLWKLQ WKH aJH UaQJH RI 5 WR 9 \HaUV, WKHUH ZaV WKH OaUJHVW SHUcHQW RI XQWUHaWHd caULHV LQ
SHUPaQHQW WHHWK aWWULbXWHd WR LQHTXaOLW\. AddLWLRQaOO\, cRXQWULHV ZLWK a ORZHU VRcLR-dHPRJUaSKLc
LQdH[ cRPSRVHd a KLJKHU SHUcHQWaJH RI XQWUHaWHd caULHV LQ dHcLdXRXV WHHWK. UQIRUWXQaWHO\, WKH
VWXd\ LQdLcaWHd WKaW bXUdHQ KaV PaLQWaLQHd UHOaWLYH VWabLOLW\ IRU dHcadHV.6 AccRUdLQJ WR WKH WHO
RUaO dLVHaVHV aIIHcW QHaUO\ 3.5 bLOOLRQ SHRSOH JORbaOO\, aQd 3 RXW RI 4 aUH IURP PLddOH-LQcRPH
cRXQWULHV.

RHGXFLQJ DLVSDULWLHV
A VWXd\ ZaV dRQH ZLWK WKH SXUSRVH RI aVVHVVLQJ WKH HIIHcWLYHQHVV RI cKLOdKRRd HdXcaWLRQ RQ RUaO
KHaOWK NQRZOHdJH. SLQcH RUaO KHaOWK OLWHUac\ LV cRUUHOaWHd ZLWK RUaO KHaOWK VWaWXV, RUaO KHaOWK
HdXcaWLRQ LV a VWHS WRZaUdV aQ HIIHcWLYH SUHYHQWaWLYH V\VWHP. IQdLa ZaV cKRVHQ aV WKH SRSXOaWLRQ
RI LQWHUHVW aV a PaMRULW\ RI WKH SRSXOaWLRQ LV SRRU aQd dR QRW KaYH accHVV WR VXIILcLHQW RUaO KHaOWK
caUH.7 IQ WKH VWXd\, 200 VcKRRO-JRLQJ cKLOdUHQ bHWZHHQ 12-16 \HaUV aQVZHUHd a TXHVWLRQQaLUH
abRXW RUaO K\JLHQH aQd SURSHU caUH. TKHQ, WKH VWXdHQWV ZHUH JLYHQ aQ LQ-dHSWK cRXUVH IRU WKH
SXUSRVH RI HdXcaWLRQ. AIWHUZaUdV, WKH\ ZHUH WHVWHd aJaLQ. TKH QHZ WHVW VcRUHV, ZKHQ cRPSaUHd
WR WKRVH bHIRUH WKH LQWHUYHQWLRQ, LQdLcaWHd WKaW WKHUH ZaV a 60.4% LQcUHaVH LQ RUaO KHaOWK caUH
NQRZOHdJH. FRU H[aPSOH, RQO\ aURXQd 50% RI WKH SaUWLcLSaQWV NQHZ WKaW bUXVKLQJ WZLcH daLO\
ZaV HVVHQWLaO IRU PaLQWHQaQcH aQd caULHV SUHYHQWLRQ, aQd RQO\ 27% NQHZ WKH LPSRUWaQcH RI
URXWLQH dHQWaO cKHcN-XSV. TKH VWXdLHV VKRZHd WKaW WKHUH ZaV a JHQHUaO OacN RI NQRZOHdJH RI RUaO
K\JLHQH. HRZHYHU, WKURXJK HIIHcWLYH HdXcaWLRQ WKH cKLOdUHQ Pa\ bH abOH WR SUHYHQW dLVHaVHV aQd
SHUKaSV VHH WKH VLJQV WR LdHQWLI\ WKHP bHIRUH WKHLU RUaO KHaOWK SaVVHV WKH SRLQW RI UHVWRUaWLRQ. IQ
WKLV VWXd\, SULRU WR LPSOHPHQWaWLRQ RI HdXcaWLRQ WKH VWXdHQWV JRW PRVW TXHVWLRQV ZURQJ. AIWHU
LPSOHPHQWaWLRQ, baUHO\ aQ\ VWXdHQWV JRW WKH aQVZHUV ZURQJ, LQdLcaWLQJ WKaW WKH VWXdHQWV ZHUH
ZHOO HdXcaWHd RQ RUaO KHaOWK aIWHU WKH VHPLQaU. TKH cRQcOXVLRQ LV a caOO WR acWLRQ IRU SURSHU RUaO
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KHaOWK HdXcaWLRQ bHJLQQLQJ LQ cKLOdKRRd LQ RUdHU WR dLPLQLVK WKH VWUXJJOH RI KLJK-ULVN
LQdLYLdXaOV.8

IQ APVWHUdaP, WKH NHWKHUOaQdV, a JURXS RI UHVHaUcKHUV cRQVWUXcWHd a VWXd\ WKaW KHOSV bHWWHU
XQdHUVWaQd IaPLOLHV aQd SURIHVVLRQaOV' SHUcHSWLRQV RI WKH LQHTXaOLW\ LQ RUaO KHaOWK caUH aQd LWV
caXVHV. AV RI 2020, QHaUO\ 29% RI cKLOdUHQ LQ APVWHUdaP dLd QRW YLVLW WKH dHQWLVW. TKH
UHVHaUcKHUV VWURQJO\ bHOLHYH WKaW LPSOHPHQWLQJ RUaO KHaOWK LQWHUYHQWLRQ SURJUaPV ZLOO KHOS
UHdXcH WKH LQHTXaOLW\. TKLV VWXd\ LV LQWHQdHd WR OHad WR WKH dHYHORSPHQW RI aQ HIIHcWLYH
LQWHUYHQWLRQ SURJUaP. IQ RUdHU WR dR VR, SURIHVVLRQaOV IURP a YaULHW\ RI dHQWaO aQd QRQ-dHQWaO
ILHOdV ZRUNLQJ LQ dLVadYaQWaJHd QHLJKbRUKRRdV LQ APVWHUdaP, WKH NHWKHUOaQdV ZHUH LQWHUYLHZHd
UHJaUdLQJ WKH RUaO KHaOWK LQHTXaOLW\ aQd LWV SULPaU\ caXVHV. SLQcH WKHVH LQdLYLdXaOV aUH LQYROYHd
LQ WKH OLYHV RI YXOQHUabOH IaPLOLHV PRUH dLUHcWO\, WKHLU LQVLJKWV ZHUH UHTXHVWHd IRU WKLV VWXd\.
SRPH RI WKH PRVW cRPPRQO\ VXJJHVWHd caXVHV ZHUH: XQKHaOWK\ dLHW, cKLOdUHQ¶V QRQ-cRPSOLaQcH,
aQd ORZ RUaO KHaOWK OLWHUac\ LQ SaUHQWV. WLWK WKHVH UHVXOWV, LW ZaV VXJJHVWHd WKaW WKH PRVW cUXcLaO
cKaQJH LV WR LPSOHPHQW a IaPLO\-cHQWHUHd HdXcaWLRQ SURJUaP. IW LV HTXaOO\ LPSRUWaQW WKaW IaPLO\,
WHacKHUV, cRPPXQLW\, aV ZHOO aV dHQWaO SURIHVVLRQaOV, aQd QRQ-dHQWaO SURIHVVLRQaOV cUHaWH a
SUR-RUaO KHaOWK caUH HQYLURQPHQW. IQcUHaVLQJ cKLOd aQd SaUHQW RUaO KHaOWK NQRZOHdJH LQ SURSHU
dHQWaO SUacWLcHV VKRXOd bH XWLOL]Hd aV a SUHYHQWaWLYH PHaVXUH.9

TKH APHULcaQ DHQWaO AVVRcLaWLRQ VSHcLILcaOO\ QRWHV WKaW EaUO\ CKLOdKRRd CaULHV aUH a VHULRXV,
bXW SUHYHQWabOH, dLVHaVH WKaW aIIHcWV PXcK RI WKH SRSXOaWLRQ ² VSHcLILcaOO\ aW-ULVN cRPPXQLWLHV.
TKHLU SULPaU\ PHWKRd VXJJHVWHd WR SUHYHQW HaUO\ RQVHW RI a OLIHORQJ RUaO KHaOWK VWUXJJOH LV
WKURXJK HdXcaWLQJ SaUHQWV aQd H[SHcWLQJ SaUHQWV RQ RUaO KHaOWK caUH aQd WKH LPSRUWaQcH RI
HVWabOLVKLQJ a DHQWaO HRPH bHIRUH WKH aJH RI RQH. AddLWLRQaOO\, WKH\ aVVHUW WKaW caULHV dHWHcWLRQ,
cOaVVLILcaWLRQ, aQd SUHYHQWLRQ/ULVN PaQaJHPHQW PHWKRdV caQ UHdXcH WKH SaWLHQW¶V OLNHOLKRRd RI
PRUH adYaQcHd dLVHaVHV.10

DaLO\ bUXVKLQJ aQd IORVVLQJ LV HIIHcWLYH aW SUHYHQWLQJ WKH accXPXOaWLRQ RI SOaTXHV LQ WKH PRVW
cRPPRQ aUHaV.1 CRQVHTXHQWO\, bUXVKLQJ aQd IORVVLQJ SUHYHQWV caULHV. A VWXd\ RYHU a 28 da\
SHULRd ZaV dRQH WKaW HYaOXaWHd ZKHWKHU bUXVKLQJ daLO\ (cRPSaUHd WR bUXVKLQJ OHVV RIWHQ) OHd WR
dHcUHaVHd SOaTXH bXLOd-XS. TKH VWXd\ VKRZHd WKaW bUXVKLQJ PRUH IUHTXHQWO\ UHVXOWHd LQ OHVV
SOaTXH, caOcXOXV, aQd HYHQ UHdXcHd WKH VHYHULW\ RI SUH-H[LVWLQJ JLQJLYLWLV.11 AddLWLRQaOO\, IOXRULdH
caQ KHOS WKH WRRWK UHVLVW WKH ORVV RI caOcLXP SKRVSKaWH. FOXRULdH LV RIWHQ VXSSOHPHQWHd WKURXJK
WRRWKSaVWH, WaS ZaWHU, ULQVH, RU LW caQ bH SURIHVVLRQaOO\ aSSOLHd. FOXRULdH LV HIIHcWLYH bHcaXVH LW LV
abOH WR UHSOacH K\dUR[\aSaWLWH, IRXQd LQ WRRWK HQaPHO, ZLWK IOXRUaSaWLWH ² a KaUdHU cRPSRXQd.1

SRPH UHVHaUcKHUV KaYH LdHQWLILHd a IOaZ LQ PRdHUQ dHQWLVWU\. NaPHO\ WKaW WKHUH LV WRR PXcK IRcXV
RQ WUHaWPHQW aQd WHcKQRORJ\, UaWKHU WKaQ XWLOL]LQJ WKH NQRZOHdJH abRXW SUHYHQWLRQ. FRU H[aPSOH,
WKHUH aUH LdHQWLILabOH ULVN IacWRUV OLNH dLHW, VRcLRHcRQRPLc VWaWXV, HdXcaWLRQ, HQYLURQPHQW, aQd
HYHQ bLRORJLcaO IacWRUV WKaW LQcUHaVH WKH ULVN RI dHQWaO caULHV LQ aQ LQdLYLdXaO. GLYHQ WKHVH ULVN
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IacWRUV, WKH ILUVW VWHS VKRXOd bH SUHYHQWLRQ b\ PLWLJaWLQJ WKHP VR WKaW WKH caULHV aUH OHVV OLNHO\ WR
IRUP aW aOO.12 GORbaO HdXcaWLRQ abRXW RUaO KHaOWK caUH SUHYHQWaWLYH PHWKRdV LV HVVHQWLaO LQ
dHcUHaVLQJ WKH bXUdHQ RI dLVHaVH RI XQWUHaWHd dHQWaO caULHV.6 TKRXJK, LW PXVW bH SaUWQHUHd ZLWK
accHVV WR SURSHU caUH aQd LWHPV OLNH WRRWKbUXVKHV, IORVV, aQd IOXRULdH.

ObVWacle Wo OUal HealWh ETXaliW\
WKLOH WKH SaWK WR HTXaOLW\ aSSHaUV cOHaU, SURYLdLQJ HdXcaWLRQ aQd caUH IRU WKH HQWLUH SRSXOaWLRQ
Pa\ bH aQ LQVXUPRXQWabOH RbVWacOH. AQ aQaO\VLV RI WKH cRVWV QHcHVVaU\ WR WUHaW H[LVWLQJ aQd
IXWXUH caULHV LQ WKH cKLOd SRSXOaWLRQ aORQH LQ dHYHORSLQJ cRXQWULHV ZaV dRQH. TKH caOcXOaWLRQV
ZHUH H[HcXWHd XVLQJ WKH WHO dHQWaO daWabaVHV aQd VSUHadVKHHW caOcXOaWLRQV RI cRVWV. TKH UHVXOWV
cRQcOXdHd WKaW VLQcH 90% RI dHQWaO caULHV aUH XQWUHaWHd LQ TKLUd WRUOd CRXQWULHV, WKH cRVW RI
WUHaWPHQW ZRXOd bH bHWZHHQ $1,618 aQd $3,513 SHU 1,000 cKLOdUHQ bHWZHHQ WKH aJHV RI 6 - 18
\HaUV RI aJH. TKLV LV IRXQd WR bH PRUH WKaQ WKH UHVRXUcHV aOORcaWHd WRZaUdV RUaO KHaOWK caUH SOaQV
LQ 15 WR 29 ORZ-LQcRPH cRXQWULHV. AV VXcK, LW LV QRW ZLWKLQ WKH ILQaQcLaO abLOLWLHV RI ORZ-LQcRPH
cRXQWULHV WR WUHaW WKH dHQWaO caULHV LQ cKLOdUHQ.13 WKLOH aQ RSWLRQ Pa\ bH WR UHdHVLJQ WKH ILQaQcHV
RI WKHVH cRXQWULHV, RUaO KHaOWK caUH LV RIWHQ QHJOHcWHd aV a SULRULW\ OHaYLQJ PXcK RI WKH SRSXOaWLRQ
LQ cRQVLVWHQW SaLQ. HHQcH, LW LV HVVHQWLaO WR VWRS LW bHIRUH LW VWaUWV. CaULHV SUHYHQWLRQ PXVW bH a
SULRULW\ LI WKH cRVW RI WUHaWPHQW LV WRR KLJK. SLQcH IHZHU SHRSOH ZRXOd VXIIHU IURP RUaO KHaOWK
dLVHaVHV, LQYHVWLQJ LQ caULHV SUHYHQWLRQ V\VWHPV ZRXOd bH a SUHIHUabOH VROXWLRQ ILQaQcLaOO\ WR
JRYHUQPHQWV aQd WR WKH JHQHUaO SRSXOaWLRQ.

NRQSURILW OUJDQL]DWLRQV
AV cRQcOXdHd b\ PaQ\ VWXdLHV, LW LV LPSHUaWLYH WKaW WKHUH LV HdXcaWLRQ aQd accHVV WR RUaO KHaOWK
caUH SURYLdHd WR aOO. SSHcLILcaOO\, LQ ORZ-LQcRPH KRPHV aQd WKRVH ZLWK ORZHU OHYHOV RI HdXcaWLRQ.
TKLV ZLOO aOORZ a dHcUHaVH LQ WKH IUHTXHQc\ RI HPHUJHQW dHQWaO LVVXHV aQd RUaO KHaOWK SaLQ aPRQJ
QHJOHcWHd cRPPXQLWLHV. IQ RUdHU WR LPSOHPHQW WKLV, QXPHURXV RUJaQL]aWLRQV KaYH bHHQ IRXQdHd.
SRPH SURYLdH WUHaWPHQW b\ VHQdLQJ RXW dHQWLVWV aQd VXSSOLHV aQd HYHQ cRQVWUXcW WHQW cOLQLcV.
OWKHUV SURYLdH HdXcaWLRQ WKURXJK IUHH VHPLQaUV aQd HYHQ dLVWULbXWH WKH HVVHQWLaOV.

A BUoad Smile FoXndaWion
MaQ\ QRQSURILW RUJaQL]aWLRQV KaYH bHHQ IRXQdHd LQ RUdHU WR KHOS SURYLdH WKH QHcHVVaU\ caUH
acURVV WKH ZRUOd ZKHUH WKHUH LV LPSURSHU accHVV, HdXcaWLRQ, aQd IXQdLQJ. HRZHYHU, LQ RUdHU IRU
WKRVH RUJaQL]aWLRQV WR VXccHVVIXOO\ cORVH WKH JaS LQ RUaO KHaOWK caUH LW UHTXLUHV WKH aVVLVWaQcH RI
dRQRUV aQd YROXQWHHUV. A BURad SPLOH FRXQdaWLRQ, RQH VXcK RUJaQL]aWLRQ, ZaV IRXQdHd ZLWK WKH
PLVVLRQ WR cUHaWH cKaQJH acURVV WKH ZRUOd WKURXJK dRQaWLRQV, VXSSOLHV, aQd PLVVLRQV WR SURYLdH
caUH aQd HdXcaWLRQ WR cRPPXQLWLHV ZLWKRXW accHVV. TKH\ dR WKLV WKURXJK PaQ\ RXWOHWV aQd WKH
KHOS RI VWXdHQWV aQd SURIHVVLRQaOV. A BURad SPLOH FRXQdaWLRQ RUJaQL]HV dULYHV aW PLddOH aQd
KLJKVcKRROV WR VLPXOWaQHRXVO\ JaWKHU RUaO KHaOWK caUH HVVHQWLaO LWHPV aQd HdXcaWH abRXW WKH
LPSRUWaQcH RI RUaO KHaOWK K\JLHQH. AddLWLRQaOO\, WKH\ IXQdUaLVH IRU PLVVLRQV LQ XQdHUSULYLOHJHd
cRPPXQLWLHV WR cRYHU WKH cRVWV RI caUH dHOLYHUHd b\ YROXQWHHU dHQWaO SURIHVVLRQaOV. TKH\ aOVR

115 _ YU JRXUQaO RI MHdLcLQH aQd DHQWLVWU\ 2023 � 9ROXPH 2



KaYH bHJXQ WHacKLQJ VHPLQaUV WKaW JXLdH aQd HdXcaWH abRXW RUaO KHaOWK caUH. PUHYHQWLRQ WKURXJK
HdXcaWLRQ LV aQ HIIHcWLYH PHWKRd, aV cRQcOXdHd b\ PaQ\ VWXdLHV. IQdLYLdXaOV ZKR dR QRW KaYH WKH
caSabLOLW\ RI SURYLdLQJ SK\VLcaO dHQWaO caUH, dR KaYH WKH abLOLW\ WR ZRUN RQ WKH SUHYHQWLRQ VLdH.
OUaO KHaOWK OLWHUac\ aPRQJ WKH HQWLUH SRSXOaWLRQ LV a ILUVW VWHS LQ abROLVKLQJ WKH dLVSaULWLHV LQ RUaO
KHaOWK VWaWXV.

CRQFOXVLRQ
FURP WKH PRPHQW a WRRWK HUXSWV, WKH ULVN RI dLVHaVH HPHUJHV. EaUO\ cKLOdKRRd caULHV aIIHcW VR
PaQ\ cKLOdUHQ. TKH ULVNV LQcUHaVH dHSHQdLQJ RQ PaQ\ IacWRUV LQcOXdLQJ dLHW, VHOI caUH, RUaO
K\JLHQH, VRcLRHcRQRPLc VWaWXV, HdXcaWLRQ, HWKQLcLW\, UacH, aJH, aQd PRUH.14 MaQ\ RI WKH
dLVSaULWLHV LQ ULVN OHYHO caQ bH SUHYHQWHd b\ HdXcaWLRQ aQd accHVV WR caUH. IW LV LPSHUaWLYH WKaW
SHRSOH XQLI\ WR SURYLdH WKLV caUH aQd WaPH RQH RI WKH PRVW UaPSaQW JORbaO dLVHaVHV.
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