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AbVWUacW

TheUe aUe VeYeUal meWhRdV Rf UeVWRUiQg

miVViQg WeeWh. The mRVW ideal UeVWRUaWiYe

meWhRd iV a deQWal imSlaQW. SRme VXUgeRQV

SUefeU WR XVe deQWal VXUgical gXideV WR

SeUfRUm mRUe efficieQW VXUgeUieV ZheQ

SlaciQg WheVe imSlaQWV. 3D SUiQWed gXideV

SURdXce VimilaU accXUac\ WR RWheU gXideV aW a

UedXced cRVW. AddiWiRQall\, cRQVXmeU-leYel

3D SUiQWeUV SURYide VimilaU accXUac\ aV

high-eQd 3D SUiQWeUV, makiQg accXUaWe

gXideV fRU imSlaQW SlacemeQW bRWh cheaS aQd

acceVVible.

IQWURdXcWLRQ

TRRWh deca\ iV SUeYaleQW aW VRme SRiQW iQ

mRVW SeRSle¶V liYeV.1 WheQ VXgaUV aQd

VWaUcheV aUeQ¶W cleaQed fURm Whe WeeWh,

bacWeUia begiQ WR feed RQ Whem aQd fRUm

SlaTXe. PlaTXe cRQWaiQV acidV WhaW UemRYe

VRme miQeUalV fURm Whe WRRWh¶V eQamel (Whe

RXWeU la\eU Rf Whe WRRWh), caXViQg caYiWieV. A

VimSle deQWal filliQg ma\ UeVWRUe a caYiW\.2

OQce hRleV aUe fRUmed iQ Whe eQamel, Whe

acidV aWWack Whe deQWiQ (Whe middle la\eU Rf

Whe WRRWh), Zhich cRQWaiQV WXbeV WhaW cRQQecW

WR Whe blRRd YeVVelV aQd QeUYeV iQ Whe SXlS,

SURYidiQg VeQViWiYiW\ WR Whe WRRWh.3 If Whe

damage UeacheV Whe SXlS (Whe iQQeU la\eU Rf

Whe WRRWh), Whe meWhRd Rf UeVWRUaWiRQ ma\ be

a URRW caQal, iQ Zhich Whe eQdRdRQWiVW

UemRYeV Whe affecWed SXlS, iQclXdiQg Whe

QeUYeV aQd blRRd YeVVelV, fillV aQd VealV Whe

VSace, aQd XVXall\ SlaceV a UeVWRUaWiYe cURZQ

RQ WRS.4 If WheUe iV VXbVWaQWial damage

be\RQd Whe URRW eQd Rf Whe WRRWh, a URRW caQal

ma\ QRW be VXfficieQW WR cRUUecW Whe damage.

IQ WhaW ViWXaWiRQ, aQ aSicRecWRm\ ma\ be

dRQe fRU Whe SaWieQW aV Zell.5 DXUiQg aQ

aSicRecWRm\, Whe VXUgeRQ cXWV a flaS iQ Whe

gXmV aQd dUillV iQWR Whe bRQe XQWil Whe\

Ueach Whe URRW Rf Whe WRRWh. AW WhaW SRiQW,

Whe\ UeSaiU Whe damage fURm Whe aSe[ (URRW

Vide) Rf Whe WRRWh ZiWhRXW WRXchiQg Whe

cURZQ aQd WheQ VXWXUe Whe flaS clRVed.

If aQ eQWiUe WRRWh iV miVViQg, a fi[ed SaUWial

deQWXUe (bUidge) ma\ fill Whe gaS beWZeeQ

WeeWh.6 BUidgeV aUe made b\ VhaYiQg dRZQ

Whe adjaceQW WeeWh. CURZQV made Rf

SRUcelaiQ aUe WheQ SXW RQWR WheVe WeeWh, ZiWh

a cRQQecWed cURZQ WakiQg Whe Slace Rf Whe

miVViQg WRRWh. HRZeYeU, if Whe WRRWh WR

Zhich Whe bUidge iV aWWached deca\V, iW ma\
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becRme XQVWable aQd QRQfXQcWiRQal aV Whe

fRXQdaWiRQ fRU Whe bUidge.7 IQ WhiV caVe, Whe

SaWieQW ma\ QRZ eQd XS ZiWh addiWiRQal

damaged WeeWh. AQ alWeUQaWiYe, mRUe ideal

UeVWRUaWiYe meWhRd WR fill Whe gaS beWZeeQ

WeeWh ma\ be deQWal imSlaQWV, Zhich aUe

VRmeWimeV Slaced XViQg VXUgical gXideV.

NeZ WechQRlRgical iQQRYaWiRQV, VXch aV 3D

SUiQWed gXideV, SURYide accXUaWel\ Slaced

imSlaQWV aW a UedXced cRVW.

UVe aQd POacePeQW Rf DeQWaO IPSOaQWV

A deQWal imSlaQW iV a Siece Rf WiWaQiXm,

VXUgicall\ Slaced belRZ Whe gXm liQe WhaW

acWV aV a VXbVWiWXWe fRU Whe URRW Rf a WRRWh. AQ

abXWmeQW iV WheQ aWWached WR Whe WRS Rf Whe

imSlaQW, aQd Whe UeVWRUaWiYe deQWiVW bXildV a

cURZQ Slaced XSRQ Whe abXWmeQW.8 DeQWal

imSlaQWV Uel\ RQ RVVeRiQWegUaWiRQ, Whe diUecW

cRQWacW beWZeeQ Whe WiWaQiXm imSlaQW aQd Whe

VXUURXQdiQg bRQe.9 The RVVeRiQWegUaWiRQ

giYeV Whem VimilaU VWUeQgWh aV QaWXUal WeeWh

iQ Whe bRQe.10

FigXUe 1
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DeQWal imSlaQWV aUe fUeTXeQWl\ dRQe iQ

mXlWiSle VWeSV WR eQVXUe Whe mRVW YiWal

fRXQdaWiRQ fRU a QeZ ³WRRWh´ (FigXUe 1). The

fiUVW VWeS iV Whe e[WUacWiRQ Rf Whe damaged

WRRWh. If Whe imSlaQW caQQRW be Slaced UighW

aZa\,11 Whe bRQe ZRXld VhUiQk, UeVXlWiQg iQ

VigQificaQW bRQe lRVV. TRR mXch bRQe lRVV iQ

Whe imSlaQW¶V iQWeQded ViWe ma\ meaQ WheUe

iV QRW eQRXgh bRQe fRU Whe imSlaQW WR be

Slaced cRUUecWl\. IQ WhiV caVe, Whe VXUgeRQ

Zill UebXild Whe e[WUacWiRQ VRckeW ZiWh a

bRQe gUafW aQd allRZ Whe bRQe WR heal.12 The

VXUgeRQ Zill alVR Wake a CBCT (CRQe-Beam

CRmSXWed TRmRgUaSh\) VcaQ WR VhRZ Whe

amRXQW Rf bRQe aYailable iQ Whe jaZ ZheUe

Whe imSlaQW Zill be Slaced. IW alVR VhRZV Whe

adjaceQW aQaWRm\ WR SUeYeQW damage WR YiWal

VWUXcWXUeV.13 AfWeU Whe fiUVW ZaiWiQg SeUiRd,

Whe SaWieQW UeWXUQV fRU a VecRQd VXUgeU\. IQ

WhiV SURcedXUe, Whe VXUgeRQ ma\ Wake aQ

XSdaWed CBCT VcaQ, aQd WheQ Zill cXW a flaS

iQ Whe gXmV, dUill a hRle iQWR Whe bRQe, WhUead

a WiWaQiXm imSlaQW WighWl\ iQWR Slace, aQd

fiQall\ VXWXUe Whe flaSV WR UeVeal Whem.

AlWeUQaWiYel\, VXUgeRQV caQ Slace Whe

imSlaQW ZiWh flaSleVV VXUgeU\, iQ Zhich Whe

dUill gReV VWUaighW WhURXgh Whe VRfW WiVVXe aQd

iQWR Whe bRQe fRU Whe imSlaQW WR be

WhUeaded.14 If WheUe iV QRW eQRXgh bRQe iQ Whe

SRVWeUiRU XSSeU jaZ iQ Whe ma[illaU\ ViQXV

UegiRQ, a ViQXV aXgmeQWaWiRQ ma\ be

SeUfRUmed, Zhich addV bRQe WR Whe baVe Rf

Whe ViQXV.15 AfWeU Whe VecRQd VXUgeU\, Whe

bRQe iV allRZed WR heal, aQd WheQ Whe SaWieQW

iV VeQW back WR Whe UeVWRUaWiYe deQWiVW.

DeQWaO SXUgLcaO GXLdeV

MaQ\ VXUgeRQV SUefeU VXUgical gXideV

(FigXUe 2) fRU WheVe RSeUaWiRQV, Zhile RWheUV

SUefeU WR fUee-haQd. DeQWal imSlaQWV haYe

beeQ SURYeQ highl\ effecWiYe, ZiWh lRZ

failXUe SeUceQWageV. A VXUgical gXide iV a

WRRl WhaW iV made WR fiW SeUfecWl\ RYeU Whe

SaWieQW'V WaUgeWed imSlaQW ViWe WR aVViVW

VXUgeRQV iQ Whe accXUaWe SlacemeQW Rf deQWal

imSlaQWV. The gXideV aUe deVigQed fRU a

meWal VleeYe WR fiW iQ Whe hRleV, eQabliQg Whe

imSlaQW WR be Slaced aW Whe UighW aQgle,

deSWh, aQd diUecWiRQ iQWR Whe bRQe.

FigXUe 2
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A VXUgical gXide iV made b\ fiUVW WakiQg aQ

imSUeVViRQ RU VcaQQiQg Whe SaWieQW¶V deViUed

imSlaQW ViWe. The VXUgeRQ caQ WheQ XVe a

cRmSXWeU-gXided imSlaQW SlaQQiQg V\VWem WR

maS RXW Whe e[acW lRcaWiRQ Rf Whe imSlaQW iQ

Whe bRQe. GXideV caQ be made WR eiWheU fiW

RYeU Whe VRfW WiVVXe Rf

Whe imSlaQW ViWe (fRU a

flaSleVV VXUgeU\) RU

diUecWl\ RYeU Whe bRQe

(fRU a flaSSed VXUgeU\).

IQ eiWheU caVe, Whe

gXideV aUe made WR fiW

adeTXaWel\ iQWR WheiU

UeVSecWiYe SRViWiRQV

aQd allRZ fRU SUeciViRQ ZheQ aVViVWiQg Whe

VXUgeRQ iQ SlaciQg Whe imSlaQW.16

A VWXd\ cRmSaUiQg Whe UeVXlWV fURm

fUee-haQd aQd VXUgical gXided VXUgeUieV

deWeUmiQed a diffeUeQce beWZeeQ WheVe

meWhRdV. The\ fRXQd WhaW fUee-haQd VXUgeU\

had a 6.42% failXUe UaWe, Zhile gXided

VXUgeUieV had a 2.25% failXUe UaWe,

emShaVi]iQg Whe effecWiYeQeVV Rf XViQg a

VXUgical gXide.17

IQ addiWiRQ WR Whe lRZ failXUe UaWeV, VXUgeUieV

XViQg gXideV haYe beeQ SURYeQ WR be highl\

accXUaWe. AQRWheU VWXd\ ZaV dRQe iQ Zhich

SaWieQWV ZeUe VSliW iQWR WhUee WeVW gURXSV.

OQe gURXS had a gXided VXUgeU\ dRQe ZiWh a

flaS aSSURach, Whe VecRQd had a gXided

VXUgeU\ dRQe ZiWh a flaSleVV aSSURach, aQd

Whe WhiUd had WheiU VXUgeU\ alVR dRQe ZiWh a

flaS aSSURach, bXW eQWiUel\ fUee-haQd. FRU all

WhUee gURXSV, WheiU VXUgeUieV ZeUe SlaQQed

baVed RQ SUeRSeUaWiYe

CBCT imageV aQd

allRZed fRU

SUe-SlaQQiQg Rf hRZ Whe

VXUgeU\ ZRXld Wake

Slace. TheQ, afWeU each

SaWieQW had WheiU

VXUgeUieV dRQe

UeVSecWiYe WR WheiU

gURXS, Whe\ had a SRVWRSeUaWiYe CBCT. The

VXUgeRQV WheQ XVed aQ OVVWell MeQWRU, a

deYice WhaW YibUaWeV aQd calcXlaWeV Whe

fUeTXeQc\,18 WR deWeUmiQe Whe imSlaQW¶V

VWabiliW\19 aQd fRXQd WhaW Whe fUee-haQded

gURXS ZaV QRW VigQificaQWl\ diffeUeQW fURm

Whe gXided VXUgeUieV. The SUeRSeUaWiYe aQd

SRVWRSeUaWiYe CBCTV ZeUe WheQ cRmSaUed WR

deWeUmiQe Whe accXUac\ Rf imSlaQW

SlacemeQWV baVed RQ Whe meWhRdV XVed fRU

Whe diffeUeQW gURXSV. The\ alVR cRmSaUed Whe

diVWaQce fURm Whe SlaQQed eQWU\ SRiQW aQd

Whe iQVeUWiRQ aQgle iQWR Whe eQWU\ SRiQW fURm

Whe SlaQQed imSlaQW SlacemeQW baVed RQ Whe

SUeRSeUaWiYe CBCT aQd Whe SRVWRSeUaWiYe

CBCT. The UeVXlWV VhRZed WhaW Whe deYiaWiRQ
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Rf Whe SRViWiRQ Rf Whe imSlaQWV ZaV mRUe

SURmiQeQW iQ Whe gXided flaSSed VXUgeU\

WhaQ iQ Whe gXided flaSleVV VXUgeU\.

HRZeYeU, bRWh gXided VXUgeUieV didQ¶W haYe

QeaUl\ aV mXch deYiaWiRQ aV Whe fUee-haQded

VXUgeUieV fRU diVWaQce fURm Whe SURjecWed

eQWUaQce SRiQW aQd Whe eQWUaQce aQgle.20

AlWhRXgh imSlaQWV ma\ fail fRU VeYeUal

UeaVRQV UegaUdleVV Rf Whe SlacemeQW

meWhRd,21 22 UeVeaUch UeYealV WhaW gXided

imSlaQW VXUgeUieV haYe SURYeQ mRUe

effecWiYe aQd accXUaWe WhaQ fUee-haQd

VXUgeUieV.

NRYice VXUgeRQV geQeUall\ haYe leVV

accXUaWe UeVXlWV WhaQ e[SeUieQced VXUgeRQV.

HRZeYeU, a VWXd\ fRXQd WhaW Whe deYiaWiRQ

beWZeeQ QRYice aQd e[SeUieQced VXUgeRQV iV

mXch lRZeU ZheQ XViQg VXUgical gXideV WhaQ

iQ fUee-haQdiQg VXUgeUieV.23 ThiV VWXd\

fXUWheU iQdicaWeV Whe accXUac\ Rf VXUgical

gXideV.

AddiWiRQall\, aVide fURm Whe e[WUeme

accXUac\ aQd effecWiYeQeVV Rf XViQg VXUgical

gXideV, RWheU beQefiWV iQclXde UedXciQg

WUaXma, Wime Rf Whe SURcedXUe, VZelliQg, aQd

SaiQ, UeVXlWiQg iQ a TXickeU UecRYeU\ SeUiRd

fRU Whe SaWieQW.16

PRWeQWLaO PURbOeP Rf POacLQg IPSOaQWV

ZLWK GXLdeV

While WheUe aUe maQ\ beQefiWV Rf XViQg

VXUgical gXideV iQ aVViVWiQg VXUgeRQV iQ

SlaciQg imSlaQWV, WheUe aUe VWill VRme

VigQificaQW SURblemV ZiWh Whe meWhRd.

GeQeUall\, ZheQ SlaciQg deQWal imSlaQWV, Whe

deQWal aVViVWaQW Zill iUUigaWe Whe imSlaQW ViWe

aV Whe VXUgeRQ dUillV iQWR Whe bRQe. IUUigaWiRQ

iV SeUfRUmed WR UedXce Whe WemSeUaWXUe aQd

aYRid WheUmal RVWeRQecURViV (Whe deaWh Rf

bRQe WiVVXe dXe WR high WemSeUaWXUeV),24

Zhich ZRXld iQhibiW RVVeRiQWegUaWiRQ. ThaW

beiQg a cRQceUQ, a VWXd\ deWeUmiQed WhaW Whe

XVe Rf VXUgical gXideV blRckV Whe iUUigaWiRQ,

makiQg iW mRUe difficXlW WR cRQWURl Whe

WemSeUaWXUe Rf Whe imSlaQW ViWe Zhile

dUilliQg.25 HRZeYeU, a diffeUeQW VWXd\, Zhich

XWili]ed URXWed iUUigaWiRQ (cXVWRmi]ed

chaQQelV WR diUecW Whe ZaWeU diUecWl\ WR Whe

imSlaQW ViWe), fRXQd WhaW Whe WemSeUaWXUe ZaV

able WR be held cRQViVWeQWl\ belRZ 47�C,

SUeYeQWiQg WheUmal RVWeRQecURViV.26

T\SeV Rf DeQWaO SXUgLcaO GXLdeV

SXUgical gXideV haYe WhXV faU beeQ SURYeQ WR

be Whe mRVW effecWiYe aQd accXUaWe URXWe fRU

SlaciQg deQWal imSlaQWV. HRZeYeU, WheUe aUe

mXlWiSle W\SeV Rf VXUgical gXideV.

TheUmRfRUmiQg iV a WUadiWiRQal meWhRd XVed

iQ Whe SURdXcWiRQ Rf deQWal VXUgical gXideV.
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The fiUVW VWeS iQ SURdXciQg WheVe gXideV iV b\

eiWheU WakiQg aQ imSUeVViRQ Rf Whe SaWieQW¶V

WeeWh aQd caVWiQg iW WR fRUm a mRdel RU

WakiQg aQ iQWUaRUal digiWal VcaQ WR SUiQW a

mRdel. A WheUmRSlaVWic VheeW iV WheQ heaWed

aQd SUeVVed RYeU Whe mRdel, VleeYeV aUe WheQ

Slaced iQ Whe gXideV WR iQcUeaVe VWUeQgWh aQd

eQVXUe Whe imSlaQW iV Slaced iQ Whe SUeciVe

SRViWiRQ.27

AQ alWeUQaWiYe WR WheUmRSlaVWic VXUgical

gXideV iV 3D SUiQWed VXUgical gXideV. The

fiUVW VWeS iQ SURdXciQg WheVe gXideV iV WR Wake

a CBCT VcaQ WR geW a 3D image Rf Whe

UegiRQ.28 IQ WXUQ, Whe VXUgeRQ caQ YiVXali]e

Whe amRXQW Rf bRQe Whe\ aUe ZRUkiQg ZiWh

fRU Whe imSlaQW WR be Slaced,29 aV Zell aV Whe

VXUURXQdiQg VWUXcWXUeV VXch aV URRWV Rf

adjaceQW WeeWh,30 Whe ma[illaU\ ViQXV,31 aQd

Whe maQdibXlaU QeUYe32 (FigXUe 3). AlRQg

ZiWh Whe CBCT, a VXUface VcaQ Rf Whe WeeWh iV

alVR UeTXiUed WR be cRQYeUWed iQWR aQ STL

file. The iQWUaRUal VXUface VcaQ iV cUeaWed

becaXVe VRme Rf Whe [-Ua\ ShRWRQV fURm Whe

CBCT dR QRW SeQeWUaWe UadiRSaTXe

UeVWRUaWiRQ; iQVWead, Whe\ UeflecW aW Whe

VXUface.33 TheVe WZR VcaQV aUe bURXghW

WRgeWheU WR SURYide a cRmSleWe YiVXal Rf Whe

imSlaQW ViWe. The VXUgeRQ WheQ decideV Whe

leQgWh aQd ZidWh fRU Whe imSlaQW baVed RQ

Whe aYailable bRQe aQd digiWall\ SlaceV iW (iQ

a gXided imSlaQW VXUgeU\ SlaQQiQg VRfWZaUe)

iQ Whe mRVW RSWimal RUieQWaWiRQ aQd deSWh fRU

Whe cURZQ WR be Slaced afWeU healiQg.34 AfWeU

iW iV kQRZQ ZheUe aQd hRZ Whe imSlaQWV

VhRXld be Slaced, aQRWheU STL (Whe gXide

iWVelf) iV deVigQed WR be RffVeW fURm Whe

mRdel Rf Whe WeeWh (RU bRQe, deSeQdiQg RQ

Whe W\Se Rf gXide)35 aQd SURYide hRleV fRU Whe

VleeYeV36 WR Slace Whe imSlaQW iQ Whe cRUUecW

SRViWiRQ. The gXide iV WheQ SUiQWed,

VWeUili]ed, aQd Uead\ fRU XVe (FigXUe 3).37

FigXUe 3
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3D SUiQWed VXUgical gXideV aUe cheaSeU aQd

faVWeU WR SURdXce WhaQ WheUmRSlaVWic VXUgical

gXideV. HRZeYeU, Whe mRVW cUiWical YaUiable

WR cRmSaUe Whe WZR meWhRdV iV WheiU

accXUac\. A VWXd\ ZaV dRQe ZheUe VRme

SaWieQWV had imSlaQWV Slaced ZiWh

WheUmRSlaVWic VXUgical gXideV Zhile RWheUV

had imSlaQWV Slaced ZiWh 3D SUiQWed VXUgical

gXideV. The UeVXlWV fRXQd WhaW imSlaQWV

Slaced ZiWh 3D SUiQWed gXideV ZeUe mRUe

accXUaWe iQ Whe aQgle Rf iQVeUWiRQ aQd Whe

meaVXUed diVWaQce fURm Whe SlaQQed

SlacemeQW Rf Whe imSlaQW WhaQ cRmSaUed

ZiWh WhRVe Slaced ZiWh WheUmRSlaVWic

gXideV.38 The diffeUeQce iQ cRVW aQd Wime Rf

SURdXcWiRQ, aV Zell aV Whe VigQificaQWl\

gUeaWeU accXUac\ Rf Whe 3D SUiQWed gXideV,

makeV Whem Whe faU mRUe efficieQW chRice.

SXUgLcaO GXLdeV PURdXced b\ HLgK-EQd

YV. CRQVXPeU-LeYeO 3D PULQWeUV

IW iV iQcRQYeQieQW WR VeQd RXW Whe

3D-deVigQed mRdelV aQd VXUgical gXideV WR

SURfeVViRQal high-eQd SUiQWeUV, bXW iW ma\

QRW be QeceVVaU\. A VWXd\ cRQdXcWed XVed

VXUgical gXideV WhaW ZeUe digiWall\ deVigQed

XViQg Whe Vame VRfWZaUe. The\ WheQ SUiQWed

VRme gXideV XViQg cRQVXmeU-leYel 3D

SUiQWeUV aQd RWheUV XViQg a high-eQd

SURfeVViRQal 3D SUiQWeU aQd cRmSaUed Whe

accXUac\ gXideV fURm WheiU UeVSecWiYe

SUiQWeUV. The UeVXlWV VhRZed WhaW alWhRXgh

Whe meaVXUed diffeUeQceV iQ accXUac\

beWZeeQ Whe SUiQWeUV ZeUe VWaWiVWicall\

VigQificaQW, fURm a cliQical SRiQW Rf YieZ Whe

deYiaWiRQV ZeUe Qegligible.39

CRQcOXVLRQ

DeQWal imSlaQWV aUe Whe mRVW efficieQW Za\

WR UeVWRUe a miVViQg WRRWh. ThRXgh VRme

VXUgeRQV SUefeU WR fUee-haQd WheiU VXUgeUieV,

VWXdieV haYe SURYeQ imSlaQWV Slaced ZiWh Whe

helS Rf VXUgical gXideV WR be mRUe accXUaWe

ZiWh lRZeU failXUe UaWeV. SRme VXUgical

gXideV caQ be cRVWl\, bXW 3D SUiQWed gXideV

aUe a cheaSeU RSWiRQ ZiWh VimilaU accXUac\.

3D SUiQWeUV iQ a deQWal Rffice caQ SURdXce

QeaUl\ aV accXUaWe gXideV aV high-eQd

SUiQWeUV, makiQg cheaS deQWal VXUgical

gXideV eaVil\ acceVVible.
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Correlation BetZeen High Fat Diet, Cholestasis,
Hepatoc\te Apoptosis and the DeYelopment of Hepatic
Carcinoma
B\: Isaac SilYerman

AbVWUacW

SeYeUal pUognoVeV haYe been deWeUmined foU

HepaWic CaUcinoma (HCC). In WhiV papeU, I

Zill e[ploUe Whe mechaniVm b\ Zhich a

high-faW dieW (HFD) pUomoWeV Whe

deYelopmenW of HCC. I fiUVW diVcXVV Whe

UelaWionVhip beWZeen an HFD and Whe

deYelopmenW of bile acid

WUanVpoUW iVVXeV fUom Whe

liYeU (choleVWaViV). AV a

UeVXlW of choleVWaViV, an

oYeU-accXmXlaWion of

h\dUophobic bile acidV iV

lefW VXUUoXnding Whe liYeU

cellV (hepaWoc\WeV). The

bile acidV cUeaWe a c\WoWo[ic enYiUonmenW foU

Whe hepaWoc\WeV. Damage done Wo hepaWoc\We

miWochondUia iV Vpecificall\ noWeZoUWh\ aV

bile acidV decUeaVe leYelV of ATP aV Zell aV

diVUXpW WheiU ph\Vical VWUXcWXUe. I haYe

anal\]ed WhUee paWhZa\V in Zhich bile acidV

inVWigaWe apopWoViV in hepaWoc\WeV, folloZing

inWUinVic, e[WUinVic, and endoplaVmic

UeWicXlXm VWUeVV mechaniVmV. Finall\, I haYe

e[ploUed Whe coUUelaWion beWZeen fUeTXenW

apopWoViV and Whe deYelopmenW of HCC

WhUoXgh DNA mXWaWion in Whe Mcl-1 gene

and oWheU WXmoU VXppUeVVoU geneV.

IQWURdXcWiRQ

ReVeaUcheUV haYe idenWified HepaWic

CaUcinoma (HCC), Whe moVW common W\pe

of liYeU canceU, aV Whe

fifWh moVW fUeTXenW

canceU diagnoVed

ZoUldZide ZiWh Whe

WhiUd higheVW moUWaliW\

UaWe among canceUV.1

The nXmbeU of HCC

caVeV and deaWhV

obVeUYed haYe VWeadil\ incUeaVed oYeU Whe

paVW VeYeUal \eaUV. In 2020, iW ZaV eVWimaWed

WhaW WheUe ZeUe aboXW 42,000 HCC caVeV and

aUoXnd 30,000 deaWhV.2 ReVeaUcheUV haYe

conclXded WhaW a coUUelaWion iV pUeVenW

beWZeen e[ceVViYe faWW\ WiVVXe and

gaVWUoinWeVWinal canceUV, inclXding HCC.3 4

TheUe iV a VWUong UelaWionVhip beWZeen

obeViW\ and Whe deYelopmenW of HCC.5

LineaU UegUeVVion modelV pUedicW obeViW\

15 _ YU JoXUnal of Medicine and DenWiVWU\ SSUiQg 2022 � VROXPe 1 � IVVXe 1

ReY



UaWeV Zill incUeaVe b\ 33% b\ 2030,

UeVXlWing in appUo[imaWel\ 51% of Whe US

popXlaWion VXffeUing fUom obeViW\.6

ReVeaUcheUV haYe h\poWheVi]ed a

UelaWionVhip beWZeen a high-faW dieW (HFD)

and gaVWUoinWeVWinal canceUV.7 ThXV,

XndeUVWanding Whe mechaniVm WhUoXgh Zhich

HCC deYelopV fUom an HFD and obeViW\ iV

becoming moUe cUiWical. SWXdieV haYe been

condXcWed coUUelaWing an HFD and liYeU

damage, Vpecificall\ UegaUding bile dXcW

fXncWion.8 ThiV papeU Zill diVcXVV and

anal\]e hoZ an HFD deYelopV bile dXcW

d\VfXncWion, alVo knoZn aV choleVWaViV. I

haYe alVo e[amined hoZ choleVWaViV

inVWigaWeV VeYeUal mechaniVmV of e[ceVViYe

hepaWoc\We apopWoViV, Zhich pUomoWeV

mXWaWionV in DNA, leading Wo WXmoUigeneViV

of HCC.

High FaW DieW PURPRWeV BiOe Acid

S\QWheViV aQd TUaQVSRUW D\VfXQcWiRQ

FiUVW, iW iV impoUWanW Wo eVWabliVh WhaW an HFD

pUomoWeV bile acid V\nWheViV and WUanVpoUW

d\VfXncWion, UeVXlWing in iWV

oYeUaccXmXlaWion in Whe liYeU. An

e[peUimenW confiUmed a VignificanW

coUUelaWion beWZeen an HFD and an incUeaVe

in bile acid UeWenWion.9 In Whe inYeVWigaWion,

neZboUn C57BL/6J mice, an ³inbUed moXVe

VWUain´ commonl\ XVed in anWi-WXmoU

UeVeaUch,10 ZeUe injecWed ZiWh STZ

(SWUepWo]oWocin), a chemical Wo[ic Wo

pancUeaWic beWa cellV Zhich pUodXce

inVXlin.11 The pXUpoVe of Zhich ZaV Wo

deYelop diabeWic V\mpWomV in Whe mice. The

mice ZeUe fed a UegXlaU dieW foU Whe fiUVW foXU

ZeekV of life. AW Zeek foXU, a VXbVecWion of

mice ZeUe inWUodXced Wo an HFD. AW Zeek

Vi[, V\mpWomV of faWW\ liYeU ZeUe obVeUYed

ZiWh no VignV of an inflammaWoU\ UeacWion.

AW Zeek eighW, ³modeUaWe inflammaWoU\

infilWUaWe´ ZaV pUeVenW, inclXding

³neXWUophilV, l\mphoc\WeV and monoc\WeV,

and ballooning degeneUaWion of

hepaWoc\WeV,´ indicaWing an innaWe immXne

UeVponVe againVW an HFD. AW Zeek WZelYe,

chUonic fibUoViV ZaV noWed, indicaWing Whe

paWholog\ of nonalcoholic VWeaWohepaWiWiV

(NASH), a faWW\ liYeU diVeaVe. AW Zeek

WZenW\, all STZ-HFD mice deYeloped HCC.

AddiWionall\, eleYaWed leYelV of nXmeUoXV

bile acidV ZeUe obVeUYed in hepaWic cellV of

STZ-HFD mice beginning aW Zeek WZelYe

and Uemained high WhUoXgh Wo Zeek WZenW\

(FigXUe 1).9
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HoZeYeU, Whe InWeUnaWional Agenc\ foU

ReVeaUch on CanceU had pUeYioXVl\ labeled

STZ aV a poVVible caUcinogen, Vo WheVe

UeVXlWV pUompWed Whe independenW VWXdieV of

STZ and an HFD on Whe mice. ThiV ZoXld

alloZ fiUmeU dedXcWion if an HFD coXld be

UeVponVible foU HCC. Indeed, HCC did

UeVXlW fUom an HFD alone. In facW, in

all-male mice WUeaWed ZiWh STZ, HCC did

noW deYelop.12 ThXV, a UelaWionVhip can be

foUmed beWZeen an HFD and HCC.

FXUWheUmoUe, of Whe mice WhaW deYeloped

HCC afWeU being giYen an HFD, Whe plaVma

and liYeU bile acidV VXch aV TCA, GCA, and

TCDCA VhoZed Whe moVW ³VWaWiVWical

Vignificance´ compaUed Wo XnWUeaWed mice.9

In addiWion, UaiVed TCDA ZaV diVcoYeUed Wo

incUeaVe hepaWoc\We UegeneUaWion and

decUeaVe UegXlaWion of CEBPĮ, a WXmoU

VXppUeVVoU gene, indicaWing a caUcinogenic

coUUelaWion.9

TR[iciW\ Rf BiOe AcidV

HepaWoc\WeV aUe UeVponVible foU V\nWheVi]ing

bile acidV diUecWl\ fUom choleVWeUol b\

adding h\dUo[\l gUoXpV and o[idi]ing Whe

molecXleV¶ Vide chain, making Whem leVV

h\dUophobic. The h\dUophobiciW\ of

diffeUenW bile acidV dependV on Whe nXmbeU

of h\dUo[\l gUoXpV added.13 In addiWion,

Vome of WheVe h\dUoc\choleVWoUolV XndeUgo

fXUWheU bioWUanVfoUmaWionV, making Whem

leVV h\dUophobic.14 The VWUongeU Whe

h\dUophobiciW\ of Whe bile acidV WhaW
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accXmXlaWe in Whe hepaWoc\WeV, Whe moUe

efficienW iW iV in VolXbili]ing membUane

lipidV15 and haYing higheU c\WoWo[iciW\.16

NXmeUoXV VWXdieV haYe conclXded a

coUUelaWion beWZeen an oYeUabXndance of

bile acidV and hepaWoc\We deaWh. One VWXd\

obVeUYed Whe c\WoWo[iciW\ of Whe incUeaVed

pUeVence of Whe bile ValWV chenodeo[\cholaWe

(CDC), gl\cochenodeo[\cholaWe (GCDC),

and WaXUochenodeo[\cholaWe (TCDC)

(foUmed fUom WheiU acid CDCA, GCDCA,

and TCDCA, UeVpecWiYel\) in UaW

hepaWoc\WeV. IW ZaV deWeUmined WhaW Whe ValW

GCDC iV Whe moVW Wo[ic Wo hepaWoc\WeV. In

an e[peUimenW, afWeU foXU hoXUV,

appUo[imaWel\ >10% of hepaWoc\WeV

VXVpended in GCDC ZeUe Yiable, Zhile

appUo[imaWel\

40% of CDC

and 30% of

TCDC e[poVed

cellV ZeUe lefW

Yiable. A

conWUol gUoXp

of hepaWoc\WeV

ZaV alVo

obVeUYed ZiWh

appUo[imaWel\ 70% YiabiliW\. AnoWheU

e[peUimenW pUoYed WhaW GCDC Wo[iciW\ iV

dependenW on iWV concenWUaWion.17

BiOe Acid IQdXced HeSaWRc\We

MiWRchRQdUiaO DaPage

The pUeYioXVl\ menWioned VWXd\ alVo

demonVWUaWed WhaW GDCDA deYelopV

miWochondUial malfXncWion and iV a

mechaniVm of hepaWoc\We deaWh. The\

obVeUYed WhaW 86% of cellXlaU ATP ZaV

depleWed afWeU onl\ 30 minXWeV folloZing Whe

addiWion of GCDCA, compaUed Wo cellV

pUoYided fUXcWoVe and GCDCA, Zhich onl\

loVW 50% of ATP. In Whe fiUVW e[peUimenW, Whe

pUeVence of ATP depleWion ZiWhoXW a

³gl\col\Wic VXbVWUaWe,´ VXch aV fUXcWoVe,

indicaWed Wo UeVeaUcheUV WhaW an iVVXe

deYeloped ZiWhin Whe cell¶V miWochondUia

leading Wo WheiU deaWh Yia ano[ia, an abVence

of o[\gen.17 (FigXUe 2)

OWheU VWXdieV

haYe indicaWed

VimilaU

abnoUmal

miWochondUial

behaYioU dXe Wo

high bile acid

concenWUaWionV,

inclXding

³VZelling,

pleomoUphiVm, and abnoUmal cUiVWae.´18

H\dUophobic bile acidV haYe been foXnd Wo

inhibiW VeYeUal en]\meV inYolYed in cellXlaU
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UeVpiUaWion, Vpecificall\ in comple[eV I, III,

and IV of Whe elecWUon WUanVpoUW chain.19

AddiWionall\, h\dUophobic bile acidV aUe

pUoYen Wo diVUXpW Whe membUane poWenWial of

cUiVWae20 aV Zell aV VeUYe aV pUoWonophoUeV,

UeVXlWing in an incUeaVed membUane

VolXbiliW\ of H+ ionV.21 ReVeaUcheUV haYe

h\poWheVi]ed WhaW non-paUench\mal cell

inflammaWion and fibUogenic UeVponVeV ma\

be aWWUibXWed Wo VXch miWochondUial iVVXeV in

paUench\mal liYeU cellV WhaW emeUge ZiWh

choleVWaViV. Modified hepaWoc\WeV ma\ emiW

immXne VignalV VXch aV c\WokineV,

chemokineV, and lipid peUo[ide pUodXcWV and

Vignaling gUoZWh molecXleV, Zhich ZoXld

fXUWheU an immXne UeVponVe. ThiV ZoXld

fXUWheU lead Wo hepaWic cell fibUogeneViV,

VXUUoXnding cell damage, and XlWimaWel\ cell

deaWh.22 In Vome caVeV of choleVWaViV,

hepaWoc\We necUoViV, aV Zell aV

afoUemenWioned miWochondUial impaiUmenWV

UeVXlWing in ATP depleWion,17 leading Wo

oncol\ViV and cell deaWh.

MeWhRdV Rf BiOe Acid IQdXced HeSaWRc\We ASRSWRViV

FigXUe 3 CUeaWed b\ IVaac SilYeUman ZiWh BioRendeU.com
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SWXdieV haYe indicaWed WhaW hepaWic apopWoViV

can UeVXlW WhUoXgh VeYeUal diffeUenW pUoWeaVe

caVcadeV WUiggeUed b\ bile acidV.23 The fiUVW

iV an ³inWUinVic paWhZa\,´ (FigXUe 3) Zhich

UeVXlWV fUom Whe miWochondUial UeleaVe of

apopWoWic molecXleV dXe Wo bile-acid-indXced

o[idaWiYe VWUeVV.24 ReVeaUcheUV diVcoYeUed

WhaW ³bile-acid-indXced o[idaWiYe VWUeVV´

ma\ VignificanWl\ impacW Whe deYelopmenW of

liYeU diVeaVeV.25 Bile acidV indXce Whe

cUeaWion of UeacWiYe o[\gen VpecieV (ROS),

Zhich ³o[idaWiYel\ modif\ lipidV, pUoWeinV,

and nXcleic acidV´ and XlWimaWel\ end in

hepaWoc\We apopWoViV.21 AddiWionall\,

UeVeaUcheUV haYe pUoYen WhaW Whe bile acid

GCDCA indXceV miWochondUial peUmeabiliW\

WUanViWion (MPT).26 CoUUelaWion haV been

made beWZeen MPT and ROS (ReacWiYe

O[\gen SpecieV) geneUaWion and VeYeUal

oWheU miWochondUial malfXncWionV, inclXding

decUeaVed leYelV of o[idaWiYe

phoVphoU\laWion,27 leading Wo liYeU Wo[iciW\.28

MPT UeVXlWV in Whe UeleaVe of c\WochUome c,

a pUoWein WhaW iniWiaWeV apopWoViV Zhen

o[idi]ed b\ ROS.29 C\WochUome c VWimXlaWeV

Whe Ba[ pUoWein (bcl-2-like pUoWein 4) Wo

moYe WoZaUdV Whe miWochondUia and UeleaVe

addiWional c\WochUome c.21 The Ba[ pUoWein

alVo inWeUacWV ZiWh IRE1Į, a pUoWein

aVVociaWed ZiWh cUeaWing endoplaVmic

UeWicXlXm VWUeVV,30 b\ diVUXpWing Whe

homeoVWaViV of iWV pUoWein folding.31 IW alVo iV

UeVponVible foU Xpholding Whe acWiYaWion of

Whe pUoWein-coding gene STAT3, Zhich

VXppoUWV hepaWoc\We UegeneUaWion.32

FXUWheUmoUe, UeVeaUcheUV haYe pUoYen ROS

iV accoXnWable foU decUeaVing Whe nXmbeU of

anWio[idanW defenVeV in Whe cell. Among

WhoVe aUe XbiTXinone-9 and XbiTXinone-10

Zhich aUe anWio[idanWV inYolYed in Whe

elecWUon WUanVpoUW chain and pUeYenW lipid

peUo[idaWion, Whe decUeaVing amoXnW WhXV

diVUXpWV Whe meWaboliVm and alloZV lipid

peUo[idaWion Wo occXU.21 Lipid peUo[idaWion

bUeakV doZn Whe miWochondUial membUane,

Zhich effecWV aUe pUeYioXVl\ VWaWed, and Whe

cell membUane.33

AnoWheU paWhZa\ of choleVWaViV-indXced

apopWoViV iV Whe paWhZa\ WUiggeUed b\

h\dUophobic bile acidV VWUeVVing Whe

endoplaVmic UeWicXlXm (FigXUe 3) b\ a

mechaniVm pUeYioXVl\ menWioned. An

e[ceVV amoXnW of Ca2+ ionV aUe UeleaVed

fUom Whe endoplaVmic UeWicXlXm inWo Whe

c\WoVol dXe Wo Whe pUeVence of GCDCA.17

The oYeUabXndance of Ca2+ ionV VWimXlaWeV

an inWUacellXlaU pUoWeaVe caVcade of caVpaVe

en]\meV (caVpaVe 12 folloZed b\ caVpaVeV 3

and 9), leading Wo apopWoViV.34 ReVeaUcheUV

haYe diVcoYeUed WhaW Whe pUeVence of C/EBP

homologoXV pUoWein (CHOP), a
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WUanVcUipWional UegXlaWoU,35 iV an eVVenWial

facWoU in hepaWic cell deaWh Yia choleVWaViV.36

FXUWheUmoUe, Whe\ obVeUYed a coUUelaWion

beWZeen CHOP and Whe emeUgence of liYeU

fibUoViV dXe Wo hepaWic cell damage caXVed

b\ choleVWaViV.36

A WhiUd ³e[WUinVic´ paWhZa\ (FigXUe 3) of

choleVWaWic deUiYed apopWoViV UeVXlWV fUom

Whe acWiYaWion of Whe deaWh FaV UecepWoU.37

ROS inVWigaWed b\ h\dUophobic bice acidV

haV alVo pUoYen in YiWUo Wo acWiYaWe pUoWein

kinaVe c (PKC) and c-JXn-N-WeUminal

kinaVeV (JNK),21 each of Zhich manageV

cellXlaU pUoceVVeV Zhich pUomoWe WXmoU

deYelopmenW.38 39 TheVe molecXleV When

VWimXlaWe Whe epideUmal

gUoZWh facWoU UecepWoU

(EGFR), Zhich

phoVphoU\laWeV FaV and

WUanVlocaWeV iW Wo Whe

plaVma membUane. The

oYeUabXndance of FaV UecepWoUV on Whe

membUane leaYeV Whe hepaWoc\We VXVcepWible

Wo apopWoWic VXbVWUaWeV.37 In Whe eYenW of FaV

VWimXlaWion, a pUoWeaVe UeacWion iV XVed aV

Whe apopWoWic mechaniVm. FaV fiUVW foUmV a

deaWh-indXcing Vignaling comple[ (DISC).

AV a UeVXlW, caVpaVe 8 iV acWiYaWed, Zhich

incUeaVeV leYelV of caWhepVin B37, a c\VWeine

pUoWeaVe, Zhich VeYeUal VWXdieV haYe foXnd

Wo be aVVociaWed ZiWh WXmoU cell

deYelopmenW and meWaVWaViV.40 The

acWiYaWion of CaVpaVe 8 VepaUaWeV and

WUanVpoUWV Whe pUo-apopWoWic Bid pUoWein

(BH3 inWeUacWing-domain deaWh agoniVW) Wo

Whe miWochondUia, Zhich openV Whe MPT

poUeV. AV pUeYioXVl\ diVcXVVed, MPT

WUiggeUV Whe Ba[ pUoWein aV paUW of ³inWUinVic

apopWoViV.´ AddiWionall\, in WhiV paWhZa\, aV

a UeVXlW of MPT, Whe apopWoWic molecXle

c\WochUome c iV UeleaVed, Zhich connecWV

pUocaVpaVe 9 ZiWh apopWoViV acWiYaWing

facWoU-1(APAF-1) Wo acWiYaWe caVpaVe 9,

Zhich maUkV Whe poinW of no UeWXUn in Whe

hepaWoc\We deaWh aV iW acWiYaWeV caVpaVe 3.41

In hepaWoc\WeV WhaW aUe FaV deficienW,

UeVeaUcheUV h\poWheVi]e

WhaW Whe deaWh

TRAIL-R2 UecepWoU iV

inYolYed ZiWh apopWoViV,

Vpecificall\ ZiWh

GDCDA.42

ASRSWRViV IQdXced HCC

ReVeaUcheUV haYe deWeUmined a coUUelaWion

beWZeen incUeaVed leYelV of hepaWoc\We

apopWoViV and hepaWocaUcinogeneViV. In

addiWion, Whe\ haYe diVcoYeUed fUeTXenW

hepaWoc\We UegeneUaWion ZiWh DNA damage

in hXman common fUagile ViWeV, aUeaV on

chUomoVomeV deWeUmined Wo haYe fUeTXenW
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mXWaWionV, afWeU laUge amoXnWV of hepaWoc\We

deaWh.43 NoWabl\ damaged genomic UegionV

ZeUe FHIT, WWOX, and PARK2, all

pUeYioXVl\ deWeUmined Wo VeUYe aV WXmoU

VXppUeVVoUV.44 TheVe UeVXlWV indicaWed

geneWic d\VfXncWion iV pUeVenW faU befoUe

abnoUmal cell gUoZWh.43

ReVeaUcheUV alVo e[peUimenWed ZiWh

neZboUn mice mXWaWed ZiWhoXW Whe

³anWi-apopWoWic Bcl2-famil\ membeU

m\eloid cell leXkemia 1 (Mcl-1) gene.´43

ThiV inVWigaWed hepaWoc\We apopWoViV and

HCC WXmoUigeneViV VimilaU Wo Whe paWholog\

caXVed b\ an HFD bile acid

oYeUaccXmXlaWion. EleYaWed leYelV of

aVpaUWaWe WUanVaminaVe and alanine

WUanVaminaVe (AST and ALT), WZo liYeU

en]\meV aVVociaWed ZiWh liYeU damage, ZeUe

h\poWheVi]ed Wo be pUeVenW in WheVe mice.

Indeed, oYeU one \eaU of Whe e[peUimenW,

Mcl-1 mXWaWed mice (Mcl-1ǻhep)

demonVWUaWed high ALT and AST. OYeU Whe

\eaU Whe ALT and AST leYelV decUeaVed,

being moVW VWaWiVWicall\ VignificanW aW 2 and 4

monWhV Zhen hepaWoc\We apopWoViV and

UegeneUaWion ZeUe Whe higheVW noWed in mice

WhaW conWUacWed HCC. AddiWionall\, ALT

leYelV in Mcl-1ǻhep/HCC alZa\V Uemained

higheU Whan mice WhaW had noW deYeloped

HCC (Mcl-1ǻhep/No HCC). In compaUiVon,

Zild W\pe mice alZa\V Uemained loZeU Whan

all Mcl-1ǻhep mice. 2-monWh-old mice alVo

demonVWUaWed a VWaWiVWicall\ VignificanWl\

incUeaVed leYel of caVpaVe 3 acWiYaWionV,

indicaWing apopWoViV, and DNA damage.

ReVeaUcheUV deWeUmined WhaW Mcl-1ǻhep

mice liYeUV conWained a VignificanW nXmbeU

of geneV enUiched foU HCC and hepaWoc\We

apopWoViV and UegeneUaWion.43

HoZeYeU, fXUWheU e[peUimenWV ZeUe

condXcWed Wo deWeUmine if Whe loVV of Whe

Mcl-1 gene ZaV UeVponVible foU Whe

hepaWoc\We apopWoViV and HCC oU if WXmoU

necUoViV facWoU UecepWoU 1 (TNFR1), a deaWh

UecepWoU, ZaV UeVponVible. CUoVVbUed

Mcl-1ǻhep and TNFR1 deficienW mice ZeUe

XVed Wo pUeYenW ³TNFR1-dependenW

apopWoViV.´ AW 2 monWhV,

Mcl-1ǻhep/TNFR1 mice e[hibiWed VlighWl\

loZeU ALT leYelV compaUed Wo Mcl-1ǻhep

mice. AddiWionall\, boWh W\peV of mice

Zhich deYeloped HCC had VignificanWl\

higheU ALT leYelV compaUed Wo WheiU

non-HCC coXnWeUpaUWV. AlVo, a laUgeU

amoXnW of FaV UecepWoUV, acWiYaWed in

e[WUinVic apopWoViV, ZeUe pUeVenW in

Mcl-1ǻhep mice. SignificanWl\ higheU leYelV

of caVpaVe 8 acWiYaWion ZeUe alVo diVcoYeUed

in Mcl-1ǻhep mice, Zhich UeVeaUcheUV

dedXced Wo be Whe dependenW YaUiable foU
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hepaWoc\We apopWoViV, Yia an e[WUinVic

paWhZa\, and high ALT and AST. AfWeU 1

\eaU, 28% of Mcl-1ǻhep/TNFR1 mice

diVpla\ed HCC, compaUed Wo 50% of

Mcl-1ǻhep, Zhich did. Like Whe Mcl-1ǻhep

mice aW 2 monWhV, Whe Mcl-1ǻhep/TNFR1

mice alVo VhoZed VWaWiVWicall\ VignificanW

high leYelV of ALT and AST. AddiWional

obVeUYaWionV of Whe Mcl-1ǻhep mice liYeUV

diVpla\ed an incUeaVed pUodXcWion of Whe

inflammaWoU\ c\WokineV IL6, IL33, and

IFNȖ, Zhich Vignal foU inflammaWion, in

conWUaVW Wo Mcl-1ǻhep/TNFR1 mice in

Zhich Whe\ ZeUe UedXced. ThiV e[peUimenW

demonVWUaWing Whe coUUelaWion beWZeen

hepaWoc\We apopWoViV and HCC

WXmoUigeneViV in mice UeVembleV paWienWV¶

VimilaUl\ obVeUYed HCC deYelopmenW. ThXV,

iW pUoYideV eYidence foU

hepaWocaUcinogeneViV dXe Wo incUeaVed

hepaWoc\We apopWoViV, Zhich cUeaWeV Uapid

hepaWoc\We UegeneUaWion ZiWh DNA

mXWaWionV.43 OWheU VWXdieV VimilaUl\ pUoYe

WhaW mXWaWed gene UeplicaWionV haYe

caUcinogenic conVeTXenceV.45 The\ e[plain

hoZ Whe UiVk of HCC iV deWeUmined b\ Whe

acWiYiW\ of a paWienW¶V liYeU diVeaVe and iWV

peUpeWXaWion,46 inclXding choleVWaViV. 17

CRQcOXViRQ

A UelaWionVhip beWZeen an HFD and Whe

deYelopmenW of HCC haV been deWeUmined.

AV a UeVXlW of an HFD, choleVWaViV pUomoWeV

an accXmXlaWion of bile acidV, VXch aV

GCDCA, Zhich damage hepaWoc\We

miWochondUia and lead Wo apopWoViV. Rapid

hepaWoc\We apopWoViV haV been diVcoYeUed Wo

mXWaWe anWi-WXmoU geneV, VXch aV Mcl-1,

Zhich alloZV foU HCC WXmoUigeneViV.

NXmeUoXV paVW and ongoing VWXdieV aUe

focXVed on diVcoYeUing inhibiWoUV of bile

acidV oYeU-accXmXlaWion and inhibiWoUV of

apopWoWic mechaniVm componenWV.

UndeUVWanding Whe pUoceVVeV diVcXVVed in

WhiV aUWicle aUe eVVenWial Wo deYeloping VXch

inhibiWoUV. AddiWionall\, conWinXoXV UeVeaUch

iV in effecW UegaUding UegXlaWing obeViW\ and

deWeUmining a healWh\ non-HFD Zhich Zill

pUeYenW bile acid bXild Xp. HFD aUe

eVpeciall\ pUeYalenW in Whe UniWed SWaWeV,

and WheVe diVcoYeUieV Zill hopefXll\ pUeYenW

Whe deYelopmenW of HCC and poVVibl\

pUoYide WUeaWmenW Wo Whe millionV alUead\

affecWed.
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A ThoUoXgh InYeVWigaWion inWo Whe Technolog\ of K\mUiah
- TiVagenlecleXcel A CAR T Cell ImmXnoWheUap\
B\: AXWXmn AVen, MiUiam FUied, and Rebecca SchloVVbeUg

AbVWUacW

TiVageQOecOeXceO, cRPPRQO\ kQRZQ b\ iWV

bUaQd QaPe, K\PUiah, iV a CAR T ceOO

iPPXQRWheUaS\ WhaW aiPV WR WUeaW SaWieQWV

diagQRVed ZiWh UeOaSVed/UefUacWRU\ AcXWe

L\PShRbOaVWic LeXkePia (U/U ALL) aQd

DiffXVe LaUge B CeOO L\PShRPa (DLBCL).

PUeYiRXVO\, Whe VWaQdaUd Rf caUe fRU WheVe

WZR hePaWRORgicaO PaOigQaQcieV ZaV

chePRWheUaS\; hRZeYeU, UeVeaUch haV VhRZQ

WhaW RQO\ 50% Rf SaWieQWV ZhR UeceiYe

chePRWheUaS\ gR iQWR UePiVViRQ.1

AddiWiRQaOO\, chePRWheUaS\ iV aQ aggUeVViYe

aSSURach ZiWh VeYeUe Vide effecWV aQd

iQcRQViVWeQW UeVXOWV. WiWh Whe QeZ

deYeORSPeQW Rf Whe CAR T ceOO WechQRORg\,

WheUe iV hRSe fRU ORQg WeUP VXUYiYaO fURP

WheVe Oife-WhUeaWeQiQg caQceUV. K\PUiah iV

RQe VXch WheUaS\ WhaW XVeV CAR T

WechQRORg\ WR Ue-eQgiQeeU a SeUVRQ'V RZQ T

ceOOV WR aWWack caQceU iQ Whe bRd\. TZR PaiQ

efficac\ VWXdieV ZeUe dRQe fRU K\PUiah

JULIET aQd ELIANA WhaW VhRZed SaWieQWV

ZiWh a cRPSOeWe UeVSRQVe had a 90%

SURbabiOiW\ Rf VXUYiYaO aW 12 PRQWhV fRU

DLBCL, aQd aQ 81% UePiVViRQ UaWe fRU

ALL, UeVSecWiYeO\. DeVSiWe Whe iQcUedibOe

UeVXOWV, WheUe aUe VRPe OiPiWaWiRQV WR WhiV

iQQRYaWiYe CART ceOO WheUaS\ iQcOXdiQg

debiOiWaWiQg Vide effecWV aQd Whe cRPSOeWe

eOiPiQaWiRQ Rf aOO B ceOOV. FXUWheU UeVeaUch

iQWR WhiV gURXQdbUeakiQg WechQRORg\ ZiOO

VXUeO\ aOORZ fRU a WUXe WUeaWPeQW fRU a

debiOiWaWiQg diVeaVe.

IQWURdXcWiRQ

K\PUiah iV Whe bUaQd QaPe Rf Whe dUXg

TiVageQOecOeXceO, SURdXced b\ Whe

biRWechQRORg\ cRPSaQ\ NRYaUWiV. IW iV a

CAR T ceOO iPPXQRWheUaS\ WhaW aiPV WR

WUeaW SaWieQWV diagQRVed ZiWh WZR PajRU

caQceUV; UeOaSVed/UefUacWRU\ AcXWe

L\PShRbOaVWic LeXkePia (U/U ALL) aQd

DiffXVe LaUge B CeOO L\PShRPa (DLBCL).

ALL iV Whe PRVW cRPPRQ chiOdhRRd caQceU

ZiWh a SUeYaOeQce Rf 1/1000 aQd aQ

iQcideQce Rf 5,960 caVeV aQQXaOO\, aV Rf

2021.2 ALL iV aQ aggUeVViYe OeXkePia

chaUacWeUi]ed b\ Whe XQcRQWUROOabOe

SUROifeUaWiRQ aQd SeUViVWeQce Rf abQRUPaO

O\PShRbOaVWV RU O\PShRc\WeV iQ Whe bRQe

PaUURZ, SeUiSheUaO bORRd, RU e[WUaPedXOOaU\
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ViWeV.3 DLBCL iV Whe PRVW cRPPRQ W\Se Rf

NRQ-HRdgkiQ¶V L\PShRPa, ZiWh 18,000

QeZ caVeV UeSRUWed each \eaU.2 IW iV

chaUacWeUi]ed b\ abQRUPaOO\ OaUge

B-O\PShRc\WeV (B CeOOV) WhaW VWRS

UeVSRQdiQg WR VigQaOV, Zhich haOW gURZWh aQd

diYiViRQ iQ Whe O\PSh QRdeV, VkiQ, bUeaVW GI

WUacW, bUaiQ, aQd bRQe. B ceOOV aUe UeVSRQVibOe

fRU SURdXciQg

aQWibRdieV.4

PUeYiRXVO\, Whe VWaQdaUd

Rf caUe fRU WheVe WZR

hePaWRORgicaO

PaOigQaQcieV ZaV

chePRWheUaS\.

HRZeYeU, UeVeaUch haV VhRZQ WhaW RQO\ 50%

Rf SaWieQWV ZhR UeceiYe chePRWheUaS\ WR

WUeaW ORcaOi]ed aQd adYaQced VWageV Rf

DLBCL gR iQWR UePiVViRQ.1 AddiWiRQaOO\,

chePRWheUaS\ iV aQ aggUeVViYe aSSURach

ZiWh VeYeUe Vide effecWV aQd iQcRQViVWeQW

UeVXOWV. AV VXch, WUadiWiRQaO PeWhRdV fRU

WUeaWiQg WheVe caQceUV PXVW be fXUWheU

e[SORUed.5 WiWh Whe QeZ deYeORSPeQW Rf Whe

CAR T ceOO WechQRORg\, WheUe iV hRSe fRU

ORQg WeUP VXUYiYaO fURP WheVe

Oife-WhUeaWeQiQg caQceUV. K\PUiah iV RQe

VXch WheUaS\ WhaW XVeV CAR T WechQRORg\ WR

Ue-eQgiQeeU a SeUVRQ'V RZQ T ceOOV WR aWWack

caQceU iQ Whe bRd\.

DeYelRSPeQW Rf CAR T Cell

IPPXQRWheUaS\

The deYeORSPeQW Rf CAR T ceOO

iPPXQRWheUaS\ begaQ ZiWh Whe diVcRYeU\ Rf

T ceOOV iQ Whe 1960V b\ IPPXQRORgiVW

JacTXeV MiOOeU.6 IQ 1992, DU. MicheO

SadeOaiQ fiUVW aWWePSWed WR eQgiQeeU a T

ceOO.7 IQ 1993, Whe fiUVW geQeUaWiRQ Rf

chiPeUic aQWigeQ

UeceSWRUV (CAR) ZaV

deYeORSed aW Whe

Wei]PaQQ IQVWiWXWe.

DeVSiWe Whe CARS

beiQg VXcceVVfXOO\

cUeaWed, Whe\ ZeUe QRW

Uead\ WR be XVed fRU

PedicaO SXUSRVeV XQWiO SURYeQ WhaW Whe\

cRXOd VXUYiYe iQ Whe bRd\.8 ScieQWiVWV

VXcceVVfXOO\ cUeaWed a CAR iQ 2002, WhaW

cRXOd VXUYiYe iQ Whe bRd\, SUROifeUaWe, aQd

kiOO caQceU ceOOV b\ addiQg a cR-VWiPXOaWRU\

PROecXOe (iQ WhiV caVe CD28) WR Whe

Ue-eQgiQeeUed T ceOOV.9 IQ 2009 Whe

PaQXfacWXUiQg SURcedXUe Rf CAR T ceOOV

ZaV UeOeaVed fRU XVe iQ hXPaQ beiQgV.10 ThiV

ZaV a PajRU VWeS iQ PediciQe aV Whe FDA

decOaUed CAR T ceOO WheUaS\ a

³bUeakWhURXgh´ WheUaS\.11 IQ 2017 Whe FDA

aSSURYed K\PUiah fRU Whe WUeaWPeQW Rf

SediaWUic aQd adXOW SaWieQWV ZiWh ALL, aQd iQ

2018 fRU DLBCL.12 13 ThXV, Whe K\PUiah
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WheUaS\ iV a UeVXOW Rf Whe effRUW Pade RYeU

Whe VSaQ Rf 6 decadeV WR fiQd aQ

iPPXQRWheUaS\ WhaW iQcRUSRUaWeV Whe XVage

Rf chiPeUic aQWigeQ UeceSWRUV RQ T ceOOV. IQ

2018, JaPeV AOOiVRQ ZaV aZaUded Whe NRbeO

PUi]e fRU hiV diVcRYeUieV abRXW Whe biRORgieV

Rf iPPXQe T ceOOV aQd hiV iQYeQWiRQ Rf

iPPXQe checkSRiQWV WR WUeaW caQceU.

FXQcWiRQ Rf K\PUiah CAR T

K\PUiah CAR T ceOO iPPXQRWheUaS\

fXQcWiRQV b\ UeSURgUaPPiQg a SaWieQW¶V T

ceOOV iQWR CAR T ceOOV. The K\PUiah CAR

aOORZV Whe T ceOOV WR

ideQWif\ aQd eUadicaWe

PaOiciRXV CD19

e[SUeVViQg ceOOV. IW iV

cRPSUiVed Rf a CD19

VSecific, PXUiQe

ViQgOe-chaiQ aQWibRd\

fUagPeQW (FMC63)

fROORZed b\ a CD8-Į

hiQge aQd

WUaQVPePbUaQe UegiRQ,

Zhich iV fXVed WR bRWh

Whe 4-1BB

cRVWiPXOaWRU\ dRPaiQ aQd Whe iQWUaceOOXOaU

CD3-ȗ VigQaOiQg dRPaiQ (FigXUe 1).14 The

4-1BB DRPaiQ acWV aV Whe cRVWiPXOaWRU\

VigQaO UeTXiUed fRU T ceOO acWiYaWiRQ aQd iV

eVVeQWiaO fRU Whe SeUViVWeQce, e[SaQViRQ, aQd

aQWiWXPRU acWiYiW\ Rf K\PUiah. The

WechQRORg\ XVeV a OeQWiYiUaO WUaQVdXcWiRQ

YecWRU (LV), Zhich caQ iQfecW bRWh

QRQdiYidiQg aQd diYidiQg ceOOV, WR deOiYeU Whe

WUaQVgeQe WhaW eQcRdeV Whe CD19 VSecific

CAR iQWR Whe hRVW ceOO¶V chURPRVRPe

UeVSRQVibOe fRU geQe e[SUeVViRQ. The LV

iQiWiaWeV Whe biQdiQg, e[ YiYR, Rf

UeSURgUaPPed T ceOOV WR Whe CD19 UeceSWRU

RQ WaUgeW ceOOV, Zhich UeVXOWV iQ T ceOO

acWiYaWiRQ aV ZeOO aV iQiWiaWiRQ Rf WaUgeW ceOO

deVWUXcWiRQ aQd c\WRkiQe SURdXcWiRQ.14 LV

dReV QRW RbWaiQ Whe VSecificiW\ UeTXiUed fRU

iQ YiYR aSSOicaWiRQV,

VXch aV ceOO-VSecific

LVV, Zhich iV cXUUeQWO\

a PajRU dUaZback fRU

Whe eQWiUe geQe WheUaS\

fieOd.15 The Oack Rf

VSecificiW\ caQ UeVXOW iQ

Rff-WaUgeW WUaQVdXcWiRQV,

Zhich OeadV WR adYeUVe

effecWV, VXch aV

iQVeUWiRQ PXWaWiRQV

caXViQg iQhibiWiRQ Rf

aQWi-RQcRgeQeV aQd

acWiYaWiRQ Rf SURWR-RQcRgeQeV. DeVSiWe Whe

SRWeQWiaO UiVk facWRUV, LVV aUe cRQVideUed

RQe Rf Whe VafeVW RSWiRQV aYaiOabOe, aV Whe\

aUe aVVRciaWed ZiWh high OeYeOV Rf VafeW\ ZiWh

PiQiPaO iPPXQRgeQiciW\ UeSRUWed, aV ZeOO
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aV UaSid iQdXcWiRQ Rf WUaQVgeQe e[SUeVViRQ.

ThiV SURceVV dReV QRW UeTXiUe Whe

eOiPiQaWiRQ/ diVUXSWiRQ Rf aQ\ geQeV.15

DLBCL aQd ALL ZeUe VSecificaOO\ chRVeQ

aV YiabOe WaUgeWV fRU WUeaWPeQW ZiWh K\PUiah

becaXVe Whe\ aUe W\SeV Rf B-ceOO

PaOigQaQcieV WhaW aOZa\V dePRQVWUaWe CD19

e[SUeVViRQ. CD19 iV a ceOO VXUface SURWeiQ

UeceSWRU ZhRVe e[SUeVViRQ iV UeVWUicWed WR B

ceOOV. WheQ WUeaWiQg DLBCL aQd ALL,

CD19 CAR-T ceOOV caQ be XWiOi]ed, aV Whe\

aUe eQgiQeeUed WR ideQWif\ aQd aWWack Whe

CD19 aQWigeQ RQ Whe caQceURXV B ceOOV.

HRZeYeU, K\PUiah caQ¶W WUeaW aOO B-ceOO

PaOigQaQcieV, VXch aV ceUWaiQ OeXkePic ceOOV,

becaXVe WheiU CD19 e[SUeVViRQ iV RfWeQ

PaVked RQ caQceURXV B ceOOV. SiQce DLBCL

aQd ALL PaiQWaiQ cRQViVWeQW CD19

e[SUeVViRQ, Whe\ ZeUe Whe ideaO WaUgeWV fRU

WUeaWPeQW ZiWh K\PUiah.16

The K\PUiah CAR-T ceOO PaQXfacWXUiQg

SURceVV RccXUV iQ fRXU VWeSV aQd begiQV ZiWh

Whe cROOecWiRQ Rf QRQ-PRbiOi]ed, SeUiSheUaO

bORRd, PRQRQXcOeaU ceOOV fURP a SaWieQW

WhURXgh OeXkaSheUeViV. IQ WhiV SURceVV, Whe

SaWieQW¶V ZhiWe bORRd ceOOV (T ceOOV) aUe

e[WUacWed. AOO UePaiQiQg ceOOV aQd SOaVPa

aUe UeWXUQed iQWR Whe bORRdVWUeaP. The T

ceOOV aUe cU\RSUeVeUYed ZiWhiQ 24 hRXUV afWeU

cROOecWiRQ aQd fUR]eQ (FigXUe 2).14

The VecRQd VWeS iV ceOO PaQXfacWXUiQg, iQ

Zhich Whe e[WUacWed T ceOOV aUe VeQW WR a

OabRUaWRU\ aQd WUeaWed. The T ceOOV becRPe

eQUiched, VeOecWed, aQd acWiYaWed b\ Whe XVe

Rf aQWi-CD3/CD28 aQWibRd\-cRaWed

SaUaPagQeWic beadV. TheVe beadV aOORZ fRU

RQgRiQg ceOO VWiPXOaWiRQ aQd aUe OiQked WR

higheU T ceOO acWiYaWiRQ aQd c\WRkiQe

SURdXcWiRQ, cRPSaUed WR acWiYaWiRQ, aQRWheU

PeWhRd, ZiWh aQWi-CD3 aQd iQWeUOeXkiQ

(IL)-2. TheVe T ceOOV WheQ geW WUaQVdXced
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ZiWh a OeQWiYiUaO YecWRU WhaW iV

VeOf-iQacWiYaWiQg aQd cRQWaiQV aQWi-CD19

CAR WUaQVgeQe. OQce WUaQVdXced, Whe beadV

caQ VeOecW aQd acWiYaWe T ceOOV XQWiO

e[SaQViRQ eQdV. ThiV UedXceV Whe XQZaQWed

ORVV Rf aQWibRd\ VWiPXOaWiQg aQWibRdieV

dXUiQg Whe SURceVV Rf Pedia e[chaQge.17 The

XQXVed YecWRU iV eOiPiQaWed fURP Whe ceOOV

afWeU WUaQVdXcWiRQ. The ceOOV aUe WheQ gURZQ

iQ cXOWXUe. CeOO e[SaQViRQ cRQWiQXeV e[ YiYR

XQWiO WheUe aUe eQRXgh ceOOV WR PeeW Whe

dRVage UeTXiUePeQW. The WUaQVdXced T ceOOV

aUe haUYeVWed WhURXgh iVROaWiRQ aQd

VeSaUaWed fURP Whe SaUaPagQeWic beadV, aQd

WheQ aUe SURceVVed iQWR aQ iQfXVibOe Pedia.

IQ Whe WhiUd VWeS, iQfXViRQ, Whe iQfXVibOe

Pedia, Pade Rf Whe Ue-eQgiQeeUed T ceOOV, iV

WUaQVfeUUed iQWR aQ IV bag, cU\RSUeVeUYed,

aQd VhiSSed back WR Whe PedicaO faciOiW\.

TheUeafWeU, iW iV adPiQiVWeUed WR Whe SaWieQW

Yia RQe diUecW iQfXViRQ. SWeSV RQe WhURXgh

WhUee caQ Wake WhUee WR Vi[ ZeekV. PaWieQW

PRQiWRUiQg, Whe fRXUWh VWeS, cRQViVWV Rf

fROORZiQg Whe SaWieQW'V UeacWiRQ fRU e[WeQded

SeUiRdV Rf WiPe.14

Efficac\

TZR PaiQ efficac\ VWXdieV fRU K\PUiah aUe

JULIET aQd ELIANA. BRWh ZeUe

RSeQ-OabeO, PXOWiceQWeU, ViQgOe-aUP, ShaVe 2

gORbaO WUiaOV fRU K\PUiah. The JULIET VWXd\

WaUgeWed adXOW SaWieQWV ZiWh U/U DLBCL WR

deWeUPiQe Whe beVW RYeUaOO UeVSRQVe UaWe.

TheUe ZeUe 115 SaUWiciSaQWV, ZhR had aW

OeaVW WZR SUeYiRXV OiQeV Rf WheUaS\-

iQcOXdiQg UiWX[iPab aQd aQWhUac\cOiQe. The

RYeUaOO VXUYiYaO UaWe iV deSicWed fURP Whe

daWe Rf iQfXViRQ XQWiO Whe daWe Rf faWaOiW\, Rf

Whe WRWaO SaWieQWV WhaW ZeUe giYeQ K\PUiah.18

PaWieQWV WhaW e[hibiWed aQ\ OeYeO Rf UeVSRQVe

had a 49% eVWiPaWed SURbabiOiW\ Rf VXUYiYaO,

ZhiOe WhRVe ZiWh cRPSOeWe UeVSRQVeV had a

90% SURbabiOiW\ Rf VXUYiYaO, aW 12 PRQWhV.

The ELIANA VWXd\ WaUgeWed SediaWUic aQd

\RXQg adXOWV ZiWh U/U ALL WR eYaOXaWe Whe

RYeUaOO UaWe Rf UePiVViRQ, Zhich iQcOXded

eiWheU cRPSOeWe UePiVViRQ (CR) RU CR ZiWh

iQcRPSOeWe bORRd cRXQW UecRYeU\ (CRi), ZiWh

aW OeaVW WhUee PRQWhV Rf fROORZ XS. The 75

SaWieQWV deePed eOigibOe, RQce UeceiYiQg

SUiRU aQWi-CD19 WheUaS\, ZeUe eQUROOed aQd

PRQiWRUed. IPSacW ZaV dRcXPeQWed fRU 12

PRQWhV afWeU VWXd\ cRPSOeWiRQ. OYeUaOO UaWe

Rf UePiVViRQ UeSRUWed ZaV 81% fRU SaWieQWV

ZhR UeceiYed Whe iQfXViRQ: 60% had CR,

ZhiOe 21% had CUi. PaWieQW RYeUaOO VXUYiYaO

UaWe ZaV 90% aW PRQWh 6 aQd 76% aW PRQWh

12.19
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LiPiWaWiRQV Rf K\PUiah

AOWhRXgh K\PUiah haV giYeQ PaQ\ SaWieQWV

a VecRQd chaQce, WheUe aUe YaUiRXV

OiPiWaWiRQV. SRPe RbVWacOeV VXUURXQdiQg Whe

PechaQiVP Rf Whe dUXg iQcOXde debiOiWaWiQg

Vide effecWV aQd Whe cRPSOeWe eOiPiQaWiRQ Rf

B ceOOV. Side effecWV iQcOXde c\WRkiQe UeOeaVe

V\QdURPe (CRS) aQd QeXURORgicaO WR[iciWieV.

CRS iV Whe UeVXOW Rf RYeUVWiPXOaWiRQ Rf Whe

iQQaWe aQd adaSWiYe iPPXQe V\VWeP, Zhich

caXVeV Whe UeOeaVe Rf c\WRkiQeV WhaW aUe WR[ic

WR RWheU ceOOV. The RccXUUeQce Rf CRS caQ

Oead WR a c\WRkiQe VWRUP, ZheUe Whe bRd\ iV

fORRded ZiWh c\WRkiQeV RfWeQ UeVXOWiQg iQ

VeYeUe WR[iciW\, RUgaQ faiOXUe, aQd deaWh.20

AQRWheU OiPiWaWiRQ iV WhaW ZheQ Whe T ceOOV

aUe UeSURgUaPPed Whe iQVeUWed CAR UePaiQV

iQ Whe geQRPe iQ SeUSeWXiW\, aV VXch, B ceOOV

aUe cRQVWaQWO\ beiQg aWWacked aQd deVWUR\ed.

IQdiYidXaOV ZhR UeceiYe

K\PUiah dRQ¶W UeWaiQ

aQ\ B ceOOV, UeVXOWiQg iQ

a Qeed WR Wake daiO\

PedicaWiRQV WR UeSOace

Whe Oack Rf aQWibRdieV iQ

WheiU V\VWeP.21

The WUeaWPeQW aOVR haV VRPe WechQicaO

OiPiWaWiRQV iQcOXdiQg ORQg YeiQ-WR-YeiQ WiPe,

a UeTXiUePeQW Rf SUe-WUeaWPeQWV Rf

chePRWheUaS\, high cRVW, aQd iVVXeV ZiWh

VcaOabiOiW\. VeiQ-WR-YeiQ UefeUV WR Whe WiPe iW

WakeV fURP ZheQ bORRd iV dUaZQ WR ZheQ Whe

bORRd iV UeiQfXVed. OfWeQWiPeV SaWieQWV ZiWh

OaWe-VWage caQceU caQQRW affRUd WR ZaiW.

PaWieQWV aOVR Pa\ QRW be abOe WR geW Whe

WUeaWPeQW dXe WR Whe UeTXiUePeQW Rf

chePRWheUaS\, PakiQg WheP WRR Zeak WR

VXUYiYe. AddiWiRQaOO\, Whe high cRVW Rf

WUeaWPeQW aQd OiPiWed faciOiWieV caSabOe Rf

SURceVViQg Whe T ceOOV, Pake iW chaOOeQgiQg

fRU PaQ\ SaWieQWV WR UeceiYe K\PUiah.22 23

AdYaQWageV Rf K\PUiah

K\PUiah haV PXOWiSOe adYaQWageV WR Whe

VWaQdaUd Rf caUe RQ Whe PaUkeW WRda\. CAR T

ceOO WheUaSieV aUe a W\Se Rf SeUVRQaOi]ed

PediciQe iQ Zhich aQ iQdiYidXaO iV WUeaWed

ZiWh WheiU RZQ T ceOOV. AV VXch, WheUe iV QR

UiVk Rf UejecWiRQ aQd QR Qeed WR ZaiW fRU a

dRQRU. AddiWiRQaOO\, Whe

facW WhaW Whe WUeaWPeQW

RQO\ UeTXiUeV RQe

iQfXViRQ giYeV UeSUieYe

WR SaWieQWV ZhR haYe

UeceiYed PaQ\

WUeaWPeQWV.24 MRVW iPSRUWaQWO\, K\PUiah haV

a higheU VXcceVV UaWe UeOaWiYe WR cOaVVic

chePRWheUaSieV, VXch aV CORfaUabiQe. IQ a

VWXd\ dRQe iQ 2020, UePiVViRQ UaWe aQd

VXcceVV UaWe ZeUe VWXdied, cRPSaUiQg

WiVageQOecOeXceO WR CORfaUabiQe fRU Whe
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WUeaWPeQW Rf ALL. The VWXd\ VSaQQed WZR

\eaUV aQd fROORZed 183 SaWieQWV ZhR ZeUe

diYided b\ WheiU WUeaWPeQW SOaQV, CORfaUabiQe

RU K\PUiah. AfWeU a \eaU, Whe UeVXOWV

iQdicaWed WhaW WiVageQOecOeXceO SeUfRUPed

VigQificaQWO\ beWWeU ZiWh a 45% higheU

VXUYiYaO UaWe ZheQ cRPSaUed WR

CORfaUabiQe.1 25 AddiWiRQaOO\, CAR T ceOO

WheUaSieV aOVR SURYide ORQgeU UePiVViRQ UaWeV

cRPSaUed WR chePRWheUaSieV RQ Whe PaUkeW.

The fiYe-\eaU UePiVViRQ UaWe fRU ALL afWeU

URXQdV Rf cORfaUabiQe chePRWheUaS\ UaQgeV

beWZeeQ 10%-20%, CAR T ceOO WheUaSieV

UeSRUW 46% Rf SaWieQWV UePaiQ caQceU-fUee

aQd iQ UePiVViRQ aW Whe fiYe-\eaU fROORZ XS.26

CRPSaUed WR aQRWheU CAR T ceOO WheUaS\,

YeVcaUWa, K\PUiah haV VhRZQ higheU

efficac\ aQd haV beeQ aSSURYed fRU a bURadeU

UaQge Rf iQdicaWiRQV. K\PUiah WUeaWV adXOWV

aQd SediaWUicV, ZhiOe YeVcaUWa RQO\ WUeaWV

adXOWV fRU DLBCL. BRWh WaUgeW CD19

aQWigeQV; K\PUiah T ceOOV aUe SURgUaPPed

ZiWh a OeQWiYiUaO YecWRU ZhiOe YeVcaUWa T

ceOOV aUe SURgUaPPed XViQg a UeWURYiUaO-ࢢ

YecWRU.20 A VWXd\ dRQe iQ 2019 cRPSaUiQg

Whe WZR WheUaSieV, VhRZed WhaW 62% Rf ALL

SaWieQWV aQd 64% Rf DLBCL SaWieQWV ZhR

UeceiYe K\PUiah Ueach UePiVViRQ. OQO\ 51%

Rf SaWieQWV ZiWh DLBCL Ueach UePiVViRQ

ZiWh YeVcaUWa.27 K\PUiah haV WhXV faU beeQ

Whe PRVW VXcceVVfXO WUeaWPeQW iQ Whe CAR T

iPPXQRWheUaS\ aUeQa.

CRQclXViRQ

CAR T ceOO WheUaS\ haV Pade VXch a

VigQificaQW iPSacW WhaW fXUWheU aSSOicaWiRQV

aUe aOUead\ beiQg UeVeaUched. A VWXd\ caOOed

PORTIA iV fRcXVed RQ Whe effecWV Rf

ViPXOWaQeRXVO\ WUeaWiQg SaWieQWV ZiWh

K\PUiah aQd PePbUROi]XPab, Zhich iV a

PD-1 iQhibiWRU. PD-L1 aQd PD-1 aUe Whe

SURWeiQV iQYROYed iQ caQceU deYeORSPeQW.

PD-1 (SURgUaPPed ceOO deaWh) deOiYeUV

QegaWiYe VigQaOV XSRQ iQWeUacWiRQ ZiWh iWV

OigaQd PDL-1. PD-L1 haV a bURad UaQge Rf

iPPXQRUegXOaWRU\ UROeV iQ Whe ceOOV.28

PD-L1 PaVkV Whe ceOO PaUkeU fRU caQceU b\

aWWachiQg WR PD-1, aOORZiQg caQceU WR

deYeORS. PePbUROi]XPab iV a dUXg WhaW

iQhibiWV Whe fXQcWiRQ Rf PD-1, SURhibiWiQg

aWWachPeQW WR Whe caQceURXV ceOO, WheUeb\

eOiPiQaWiQg iW. ThiV VWXd\ iQcOXded SaWieQWV

ZhR XQVXcceVVfXOO\ XQdeUZeQW CAR T ceOO

WheUaS\ aV aQ aWWePSW WR VaOYage iW.29 TheUe iV

aOVR RQgRiQg UeVeaUch fRU Whe XVage Rf

K\PUiah ZiWh RWheU caQceUV, fRU e[aPSOe, U/U

FROOicXOaU L\PShRPa.30

We haYe Ueached a SRiQW ZheUe

iPPXQRWheUaS\ WUeaWPeQWV aUe a PaiQ fRcXV

ZiWhiQ biRWechQRORg\, aV WheUe iV hRSe WR
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cXUe diVeaVeV iQ a PRUe SeUVRQaOi]ed aQd

efficieQW PaQQeU. K\PUiah haV aOUead\

SURgUeVVed VigQificaQWO\ RYeU Whe \eaUV, bXW

QeZ adYaQcePeQWV aUe becRPiQg PRUe

UeaOiVWic eYeU\ da\.
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AbVWUacW

OYeU Whe coXUVe of Wime, a mXlWiWXde of

inWUaoUal WechnologieV haYe been inYenWed,

modeUni]ed, and impUoYed in oUdeU Wo cUeaWe

Whe adYanced modeUn Wechnolog\ WhaW iV XVed

in denWal pUacWiceV Woda\. Since Whe Wime of

Whe eaUlieVW denWiVW in Whe 1830¶V, WheUe haYe

been WUemendoXV global impUoYemenWV in

Whe inWUicaWe deWailV of denWal eTXipmenW. The

adYancemenW of Wechnolog\ fUom

phoWogUaph\ Wo UadiogUaph\ Wo XlWUaVoXndV

haV deYeloped denWiVWU\ inWo a pUominenW,

impacWfXl indXVWU\.1 UlWUaVoXndV haYe pUoYen

Wo be a XniTXe aUea of denWiVWU\ ZiWh Whe

poWenWial Wo WUanVfoUm Whe fXWXUe of Whe

denWal indXVWU\. Technological adYancemenWV

UegaUding X-Ua\V haYe had a high UaWe of

gUoZWh in Whe laVW decade and haYe onl\

conWinXed Wo impUoYe ZiWh Whe neZ

Wechnolog\ of XlWUaVoXndV ZiWhin Whe field of

denWiVWU\.

IQWURdXcWLRQ

The Wechnological eUa began in Whe

eighWeenWh cenWXU\. ThiV Wime peUiod ZaV a

UeYolXWion aV Whe deYelopmenW of machineV

ZeUe inYenWed and Whe Za\ life ZaV liYed

began Wo VhifW. ThiV Wime peUiod coincided

ZiWh modeUn denWiVWU\ aV iW Woo began in Whe

eighWeenWh cenWXU\. PieUUe FaXchaUd ZaV Whe

fiUVW denWiVW Wo UecoUd modeUn pUacWiceV of

denWiVWU\ in hiV book ³The SXUgeon DenWiVW,

A TUeaWiVe on TeeWh.´ AlWhoXgh Whe

WechnologieV XVed back When ZeUe noW Whe

Vame aV common pUacWiceV Woda\, iW ZaV Whe

foXndaWion in deYeloping knoZledge on

ZhaW fXWXUe denWiVWV ZoXld eYenWXall\ XVe Wo

impUoYe denWal medicine.

FLUVW IQWUaRUaO PKRWRJUaSK

In 1839, Whe PaUiV Academ\ of ScienceV

inWUodXced Whe pUoceVV of phoWogUaph\, and

WhXV, Whe fiUVW inWUaoUal phoWogUaph ZaV

Waken. LaWeU WhaW \eaU, Ale[andeU S. WolcoWW

paiUed ZiWh John JohnVon and cUeaWed a

Vmall bXVineVV WhaW pUodXced opWical and

medical inVWUXmenWV. In 1840, WolcoWW and

JohnVon deVigned and paWenWed Whe fiUVW

cameUa-baVed model knoZn aV Whe µmiUUoU

cameUa.¶AV Whe cUeaWion of Whe cameUa ZaV

faVcinaWing, man\ denWiVWV VWaUWed VeaUching
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foU phoWogUaphic deYiceV Wo obWain inWUaoUal

imageV. HoZeYeU, WheUe ZaV one majoU iVVXe

WhaW pUeVenWed iWVelf: WheUe ZaV no cleaU Za\

Wo geW lighW fUom Whe cameUa¶V flaVh ZiWhin

Whe daUk cUeYiceV of Whe moXWh. DeVpiWe

XVing man\ W\peV of cloVe-Xp focXVed

lenVeV, Whe imageV Waken ZeUe XncleaU. The

challengeV WhaW ZeUe encoXnWeUed in eaUl\

inWUaoUal phoWogUaph\ opened Xp paWhZa\V

and UeVeaUch Wo diVcoYeU moUe adYanced

WechniTXeV foU oUal phoWogUaph\.2

DLVcRYeU\ RI X-Ua\V

AfWeU oYeU WhUee decadeV of denWal UeVeaUch

and XnVXcceVVfXl inYenWionV, in 1895,

GeUman engineeU, Wilhelm R|nWgen,

diVcoYeUed X-Ua\V. ThiV ZaV a VcienWific

bUeakWhUoXgh aV Whe ZoUld had neYeU befoUe

Veen Whe inVide of an animal oU hXman

befoUe. LaWeU WhaW \eaU, DU. OWWo Walkoff, a

GeUman denWiVW, inYenWed Whe fiUVW denWal

UadiogUaph. The UadiogUaph, pUodXced b\

X-Ua\V, Wook WZenW\-fiYe minXWeV of

e[poVXUe Zhile haYing Whe paWienW la\ on Whe

flooU ZiWh Vpecified glaVV UecepWoUV ZiWhin

WheiU moXWh. The folloZing \eaU, DU. C.

EdmindV KellV fUom NeZ OUleanV ZaV Whe

fiUVW Wo acWiYel\ XVe an X-Ua\ on denWal

paWienWV. ThXV, he iV giYen Whe WiWle of µWhe

faWheU of denWal UadiogUaph\.¶ ThiV neZ

inYenWion had an enoUmoXV inflXence on Whe

ZoUld of denWiVWU\ Zhich opened man\ dooUV

foU UeVeaUch.3 AW Whe age of eighWeen, DU.

FUank Van-WoeUW inYeVWed hiV Wime in

UeVeaUch in oUal and ma[illofacial Uadiolog\.

He eVWabliVhed a pUacWical demonVWUaWion of

denWal UadiogUaph\ and pUeVenWed iW befoUe

Whe NeZ YoUk OdonWological SocieW\. DU.

Van-WoeUW diVcoYeUed Whe fiUVW denWal X-Ua\

film, Zhich XVed leVV UadiaWion. ThiV

Wechnolog\ ZaV gUoXndbUeaking and

implemenWed inWo pUacWiceV foU Whe ne[W one

hXndUed \eaUV.

AdYaQcePeQW LQ X-Ua\ IPaJLQJ

In 1987, DU. FUanciV MoX\en adYanced

X-Ua\ imaging b\ decUeaVing Whe X-Ua\

image Vi]e. He inWUodXced Whe neZ

Wechnolog\ of digiWal imaging Wo Whe denWal

ZoUld b\ inYenWing a Za\ Wo emplo\ fibeU

opWicV in oUdeU Wo cUeaWe a VmalleU-Vi]ed

X-Ua\. The mechaniVm he XVed ZaV a deYice

called Whe CCD, Whe chaUge coXpled deYice,

Zhich opeUaWeV aV an image VenVoU chip.

ThiV VenVoU enhanced Whe YiVXali]aWion of

XnVeen aUeaV WhaW oWheU X-Ua\V did noW haYe

Whe abiliW\ Wo phoWogUaph. ThiV ZoXld impacW

denWiVWU\ aV Whe X-Ua\ imaging ZaV VafeU,

Vince iW emiWWed leVV UadiaWion, and Whe neZ

capabiliWieV of fiWWing inWo a peUVon¶V moXWh

Zhich ZoXld make iW eaVieU Wo idenWif\ haUd

Wo Ueach cUeYiceV. LaWeU WhaW \eaU, FXji
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OpWical S\VWemV of CalifoUnia pUodXced Whe

fiUVW inWUaoUal cameUa. ThiV UeVembled ZhaW

cXUUenW Yideo cameUaV aUe like Woda\. DXe Wo

Whe haUd ZoUk of denWiVWV and UeVeaUcheUV,

Whe adYancemenW of denWiVWU\ globall\ haV

impacWed UadiogUaph\, X-Ua\ Wechnolog\,

and inWUaoUal phoWogUaph\.4

WiWh DU. MoX\en¶V Wechnological

adYancemenW of Whe neZ X-Ua\, WheUe ZeUe a

mXlWiWXde of pUoceVVeV WhaW Wook place. The

mXlWi-VWep pUoceVV UeTXiUed a daUk Uoom dXe

Wo Whe chemicalV WhaW ZeUe pUeVenW dXUing Whe

pUoceVV and in oUdeU Wo decUeaVe Whe

e[poVXUe fUom film lighW. AfWeU Whe X-Ua\V

ZeUe placed in a daUk Uoom, Whe\ ZeUe laid

on a lighW bo[ in oUdeU Wo enVXUe beWWeU

YiVXali]aWion of Whe X-Ua\V. PaVW

WechnologieV inclXded man\ haUmfXl

chemicalV, Wime-conVXming pUoceVVeV,

ZaVWed Vpace, and loZ TXaliW\ imageV. The

pUoceVV Wook Xp mXch Vpace ZiWhin Whe

paWienW'V fileV and ZaV a ZaVWe of Wime and

maWeUialV, conclXding Whe Wime-conVXming

pUoceVV ZiWh an XncleaU appeaUance of an

X-Ua\. In oUdeU Wo impUoYe WheVe facXlWieV,

neZ Wechnolog\ VXch aV digiWal X-Ua\V haYe

come aboXW in UecenW \eaUV (FigXUe 1). TheVe

Wechnologicall\ adYanced pUodXcWV inclXde

3-D Wechnolog\, Zhich enhanced Whe

imageU\ on Whe WooWh anaWom\, cleaUl\

UeYealing bone deca\, bone infecWionV, gXm

diVeaVeV, abVceVVeV, and an\ deYelopmenW of

abnoUmaliWieV.

FigXUe 1: AdYanced InWUaoUal X-Ua\

BeQeILWV RI RadLRJUaSK\

AfWeU WhiV adYancemenW, UadiogUaphV became

Whe moVW common Za\ Wo diVcoYeU diVeaVe in

a paWienW. ConYenWional UadiogUaphV ZoUk

VimilaUl\ Wo cameUaV. In oUdeU foU a

UadiogUaph Wo WUanVfoUm a WhUee-dimenVional

objecW inWo a WZo-dimenVional image, Whe

X-Ua\V foUm a beam diUecWed aW Whe Vample

being WeVWed. The paWWeUn WhaW iV abVoUbed b\

Whe Vample iV pUojecWed on an analog film oU

a digiWal UecepWoU and WhXV XVed foU fXUWheU

VWXdieV.

RadiogUaphic imaging pUoYideV high-TXaliW\

imageV Zhile alVo haYing Whe abiliW\ Wo

capWXUe imageV of XnobVWUXcWed aUeaV in Whe

bod\ WhaW ma\ oWheUZiVe noW be YiVible dXe

Wo Whe WiVVXe and mXVcleV WhaW la\ aboYe iW.

AddiWionall\, WhiV W\pe of imaging alloZV foU
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a VnapVhoW of bone, VkXll, and man\ oWheU

haUd VWUXcWXUeV.

When iW comeV Wo UooW canal WheUap\,

UadiogUaphV pla\ a ke\ Uole in diagnoViV,

WUeaWmenW, and folloZ-Xp. GiYen WhaW an

X-Ua\ iV Whe moVW accXUaWe objecWiYe meWhod,

diagnoVing a paWienW foU diVeaVeV affecWing

Whe ma[illa and mandible ZaV a common

pUacWice in endodonWicV.

NeJaWLYeV RI RadLRJUaSK\

TheUe aUe VeYeUal doZnVideV Wo UadiogUaphic

imaging. FiUVWl\, in WeUmV of UooW canal

WheUap\, Whe X-Ua\V do noW accXUaWel\ depicW

Whe Vi]e of Whe leVion oU hoZ iW fiWV in

UelaWionVhip Wo Whe VXUUoXnding WeeWh and

cUeYiceV in Whe moXWh. Secondl\, in oUdeU Wo

capWXUe WheVe UadiogUaphic imageV, Whe

paWienW needV Wo be e[poVed Wo Vmall

TXanWiWieV of UadiaWion. BoWh of WheVe piWfallV

can haUm Whe paWienW aV iW can caXVe indiUecW

pain and long WeUm negaWiYe effecWV WoZaUdV

Whem.5

Combining Whe modaliWieV of boWh inWUaoUal

Vcanning and UadiogUaphic imaging can

alloZ foU a VafeU, moUe efficienW Za\ Wo

VXcceVVfXll\ pUepaUe foU VXUgical UeVWoUaWiYe

denWiVWU\ caVeV. In denWiVWU\, inWUaoUal

Vcanning pUoYideV denWiVWV ZiWh high-TXaliW\

imageV of Whe paWienW'V oUal enYiUonmenW,

Vpecificall\ WooWh VWUXcWXUeV.

UOWUaVRQRJUaSK\ TecKQRORJ\

While UadiogUaphic imaging and inWUaoUal

Vcanning ZoUk efficienWl\ enoXgh Wo geW Whe

job done, VcienWiVWV aUe alZa\V looking foU

Za\V Wo impUoYe WheiU meWhodV in oUdeU Wo

make a paWienW¶V YiViW moUe pleaVanW and leVV

painfXl. ³MajleVi ZaV looking Wo VolYe WhiV

iVVXe, Wo do Vo he compaUed and condXcWed a

VWXd\ on 72 paWienWV ZiWh pain in XppeU

WUape]iXV mXVcle.´ The main objecWiYe of

WhiV VWXd\ ZaV Wo UeVolYe VpaVmV and UedXce

pain. The WeVW UeVXlWed in an incUeaVe in

blood floZ ZiWhin Whe WiVVXe caXVing Whe

iniWial pain. AfWeU Whe WeVW UeVXlWV ZeUe

conclXViYe Whe\ diVcoYeUed hoZ Wo UelieYe

Whe pain b\ XVing a combinaWion WheUap\

folloZed b\ WenV WheUap\ Wo UelieYe Whe

mXVcleV VpaVmV. 6

CXUUenWl\, UeVeaUcheUV aUe aWWempWing Wo

implemenW Whe XVe of diagnoVWic XlWUaVoXnd

in denWiVWU\. DiagnoVWic XlWUaVoXnd iV a

non-inYaViYe WechniTXe WhaW iV XVed Wo Wake

imageV inVide Whe bod\. AnaWomical

XlWUaVoXndV pUodXce imageV of Whe bod\'V

inWeUnal oUganV and fXncWional XlWUaVoXndV

compile infoUmaWion of ph\Vical
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chaUacWeUiVWicV VXch aV Whe moYemenW of

blood oU VofWneVV of WiVVXe.7

UlWUaVoXndV ZeUe deVigned b\ XVing

WechnologieV WhaW condXcW VoXnd ZaYeV

inVide Whe bod\ and UeceiYe infoUmaWion

fUom Whe ZaYeV WhaW echo back. UlWUaVoXnd

pUobeV, alVo knoZn aV WUanVdXceUV, emiW

VoXnd ZaYeV WhaW haYe fUeTXencieV aboYe Whe

WhUeVhold of hXman

heaUing. UVXall\,

XlWUaVoXnd pUobeV aUe

placed on Whe Vkin, in

oUdeU Wo enhance Whe

image TXaliW\. AlWhoXgh

iW iV alVo common foU

WheVe pUobeV Wo be

placed inVide Whe bod\ Yia Whe

gaVWUoinWeVWinal WUacW, Yagina, oU blood

YeVVelV dXUing XUological pUocedXUeV.8

FXncWional XlWUaVoXndV combined ZiWh

anaWomical XlWUaVoXndV pUodXce

³infoUmaWion mapV.´ InfoUmaWion mapV help

docWoUV YiVXali]e Whe paWienW¶V oUganV

e[WeUnall\ ZiWhoXW haYing Wo opeUaWe and Vee

Whe pUoblem inWeUnall\.

An addiWional benefiW in XVing XlWUaVoXndV

ZiWh paWienWV iV WhaW WheUe iV no e[poVXUe Wo

UadiaWion. FoU paWienWV WhaW need Wo be

moniWoUed fUeTXenWl\, conVWanW e[poVXUe Wo

UadiaWion, eYen aW Vmall amoXnWV, can be

dangeUoXV, making XlWUaVoXnd a good

alWeUnaWiYe.

UOWUaVRQRJUaSK\ LQ DLIIeUeQW SSecLaOLWLeV

RI DeQWLVWU\

SWXdieV haYe VhoZn Whe poViWiYe effecWV of

XVing UlWUaVoXndV in mXlWiple aUeaV of

denWiVWU\. AlWhoXgh WhiV

Wechnolog\ iV faiUl\

neZ, iW iV foUecaVW Wo be

implemenWed in man\

officeV oYeU Whe ne[W

feZ \eaUV (FigXUe 2).

WiWh VWXd\ing

UlWUaVonogUaph\ in oUal medicine, iW ZaV

foXnd WhaW UlWUaVoXnd ZaV capable of

deWecWing aXWo-immXne diVeaVeV, mXcoVal

gUoZWhV and had a high UaWe of deWecWing oUal

canceU leVionV. AddiWionall\, WheUe ZaV a

Vpecific focXV on SjoUen¶V V\ndUome, Zhich

iV an aXoW-immXne diVeaVe WhaW iV idenWified

b\ dU\ e\eV and dU\ moXWh, and iW VhoZed

poViWiYe UeVXlWV Zhen WeVWed.

In oUWhodonWicV, UlWUaVonogUaph\ ZaV foXnd

beneficial in UedXcing Whe Vi]e of UooW

UeVoUpWion dXe Wo Whe mXlWiple oUWhodonWic

foUceV WhaW ZeUe done Wo WhaW aUea. AlVo,
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Zhen XlWUaVonogUaph\ ZaV XVed, iW UedXced

Whe paWienW'V WUeaWmenW Wime.

When XlWUaVonogUaph\ ZaV compaUed Wo

MRI, and magneWic UeVonance imaging, iW

ZaV foXnd WhaW UlWUaVonogUaph\ iV moUe

UeVoXUcefXl aV iW geWV UeVXlWV faVWeU and moUe

accXUaWel\. ThiV ZaV WUXe Vpecificall\ foU Whe

VWXd\ of diagnoVing WempoUomandibXlaU

joinWV in paWienWV.9

TKeUaSeXWLc UOWUaVRXQdV

FigXUe 2: InWUaoUal UlWUaVoXnd

AddiWionall\, anoWheU adYanWage Wo

UlWUaVonogUaph\ iV iW can be XVed in a

WheUapeXWic manneU (FigXUe 2). ThiV iV

UeVoXUcefXl foU denWiVWV aV man\ WimeV Whe\

encoXnWeU paWienWV ZiWh diVcomfoUW in Whe

facial Uegion aV Zell aV paWienWV ZiWh facial

V\ndUomeV VXch aV OUal SXbmXcoXV FibUoViV

and M\ofaVcial pain.

OUal SXbmXcoXV FibUoViV iV a diVeaVe in

Zhich Whe oUal caYiW\ iV inflamed and Whe

VXbmXcoVal WiVVXeV haYe pUogUeVViYe

fibUoViV. When WheUe iV a VeYeUe caVe, WhiV

UeVXlWV in difficXlW\ in moYemenW and

opening of one¶V moXWh. In 2018, V\oma

BhaUaW Dani eW al condXcWed a VWXd\ ZiWh

paWienWV ZiWh WhiV diVeaVe, hiV UeVXlWV ZeUe

WhaW moYemenW impUoYed ZiWh

UlWUaVonogUaph\ and e[eUciVeV compaUed Wo

e[eUciVeV alone.

M\ofaVcial Pain iV a chUonic mXVcXlaU pain

diVoUdeU WhaW iV WUiggeUed b\ a VWimXlXV like

mXVcle WighWneVV. ThiV can UeVXlW in TMJV

and TMDV Zhich denWiVWV come acUoVV

fUeTXenWl\. GUiedeU eW al condXcWed a VWXd\

in paWienWV ZiWh TMD and UlWUaVonogUaph\

UeVXlWed in acceleUaWed impUoYemenW Zhen

added Wo Whe noUmal mXVcle e[eUciVeV.10

MRI TecKQRORJ\

In addiWion Wo UlWUaVonogUaph\, MRI in

denWiVWU\ leadV a fXWXUe WoZaUdV UadiaWion

fUee imaging. MagneWic ReVonance Imaging

haV been XVed Wo diagnoVe inWUaoUal clinical

pUoblemV. The applicaWion haV been pUoYen

VXcceVVfXl and aimV Wo impUoYe Whe efficac\

of diagnoViV and WUeaWmenWV. TheVe

WUeaWmenWV inclXde mapping implanWV, jaZ

leVionV, diVeaVeV VXch aV TMJ, oUWhodonWic
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WUeaWmenWV, and endodonWic WUeaWmenWV. The

non-ioni]ing Uadio fUeTXenc\

elecWUomagneWic UadiaWion in Whe pUeVence of

conWUolled magneWic UeVonance imaging iV a

non-inYaViYe WechniTXe WhaW can deWecW

abnoUmaliWieV and diagnoVe elemenWV in Whe

VofW WiVVXe. The YiWal Wechnolog\ can help

DocWoUV and DenWiVWV alike Wo impUoYe WheiU

diagnoVWic accXUac\. 11

CRQcOXVLRQ

UlWUaVonogUaph\ iV Whe neZ and impUoYed

Wechnolog\ in Whe field WhaW haV cUeaWed man\

oppoUWXniWieV foU moUe adYancemenWV in

WUeaWmenWV. IW iV efficienW in inWUaoUal

phoWogUaph\ WhaW Zill beWWeU adYance Whe

accXUac\ aV Zell aV Whe efficienc\ of an oUal

X-Ua\. OYeU Whe \eaUV, Whe neZ Wechnological

adYancemenWV haYe enhanced Whe imageU\ of

VofW WiVVXe YiVXali]aWion aV Zell aV claUified

Whe imageV ZiWhin Whe moXWh, Vpecificall\

gXm WiVVXe. UlWUaVoXnd Wechnolog\ haV

cUeaWed a caWal\Wic change in inWUaoUal

phoWogUaph\.12

AV Wechnolog\ conWinXeV Wo pUogUeVV,

XlWUaVoXnd machineU\ iV onl\ Whe beginning

of Whe neZ deYelopmenWV WhaW Zill

collecWiYel\ UeYolXWioni]e and impUoYe

global healWhcaUe indXVWUieV. The foUZaUd

Wechnolog\ iV an-impUeVViYe pUoceVV WhaW

XVeV a VimpliVWic Wool WhaW haV Whe capabiliWieV

WhaW encapVXlaWe Whe inWUaoUal caYiWieV and

meaVXUe Whe gXm WiVVXe. ThiV eVWabliVheV an

adYanced, moUe efficienW pUocedXUe. Toda\'V

adYanced UeVeaUch comeV Wo pUoYe hoZ Whe

field of denWal mechaniVmV haV caWal\]ed.

The Za\ in Zhich pUocedXUeV aUe condXcWed

aUe conViVWenWl\ impUoYing and XpdaWing in

oUdeU Wo limiW pain, UecoYeU\, and WUeaWmenW

Wime. The bUoadened VpecWUXm of foUZaUding

WhoXghW Zill impacW UadiaWion-fUee imageU\,

aV iW conWinXeV Wo impUoYe Whe fXWXUe of

medical Wechnolog\.
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YeVKLYa UQLYeUVLW\ JRXUQaO Rf MedLcLQe aQd DeQWLVWU\

ReYLeZ

MeWaOORSKaUPaceXWLcaOV
B\: ZaeOLJ AYeUcK

AbVWUacW

The Uole of inoUganic molecXleV in

WheUaSeXWic medicine haV eYolYed oYeU Whe

laVW cenWXU\. SSecificall\, meWal

ion-conWaining dUXgV haYe been aSSlied Wo a

Zide Uange of XVeV inclXding anWi-SaWhogenic

and anWi-canceU WUeaWmenW. AlWhoXgh ke\ Wo

WheiU YeUVaWiliW\, Whe WheUaSeXWic XVe of WheVe

comSoXndV iV hamSeUed b\ Whe Wo[iciW\ of

Whe meWal ionV Whe\ conWain. ThiV V\VWemaWic

UeYieZ aimV Wo deVcUibe Whe hiVWoU\ of

meWalloShaUmaceXWical chemiVWU\, WheiU

adYanWageV, diVadYanWageV, and ZheWheU oU

noW Whe\ ma\ VWill VeUYe a SXUSoVe Zhen

oUganic alWeUnaWiYeV aUe aYailable.

IQWURdXcWiRQ

Medicinal inoUganic chemiVWU\ dealV ZiWh

Whe aSSlicaWion of inoUganic comSoXndV,

eVSeciall\ WUanViWion meWal comSle[eV Wo

WheUaSeXWic XVeV. IW¶V VWill an e[WUemel\

\oXng field in Whe diVciSline of medicinal

chemiVWU\, bXW iW holdV enoUmoXV SUomiVe.

The inWUodXcWion of meWal ionV inWo hXman

biological V\VWemV haV SUoYed Wo be XVefXl

boWh diagnoVWicall\ and WheUaSeXWicall\. FoU

e[amSle, MagneWic ReVonance Imaging

(MRI), one of Whe moVW Zidel\ XVed

diagnoVWic WechniTXeV, XWili]eV Whe lanWhanide

WUanViWion meWal gadoliniXm (III) aV a

conWUaVW agenW.1 TheUaSeXWicall\, WheUe aUe a

m\Uiad of aSSlicaWionV of meWallodUXgV,

inclXding in anWi-canceU dUXgV, mood

VWabili]eUV, anWidiabeWicV, anWiaUWhUiWicV,

anWimicUobialV, anWiYiUalV, and anWiSaUaViWicV.

The diYeUVe aSSlicaWionV of meWallodUXgV iV

dXe, in SaUW, Wo Whe gUeaW YaUieW\ and

comSle[iW\ of ligandV WhaW can be XVed

ZiWhin a Vingle meWal comSle[. AddiWionall\,

Whe e[Sanded Yalence of WUanViWion meWalV

alloZV cooUdinaWion of XS Wo WZelYe ligandV,

making meWallodUXgV e[WUemel\ YeUVaWile

WoolV in clinical VeWWingV. TheVe WUeaWmenWV,

hoZeYeU, aUe noW ZiWhoXW WheiU dUaZbackV.

The VXcceVVfXl imSlemenWaWion of

meWallodUXgV iV made difficXlW b\ Whe

Wo[iciW\ of Whe meWalV XVed and WheiU

UeVXlWanWl\ naUUoZ WheUaSeXWic inde[eV.

µMagic BXlleW¶ TUeaWmeQWV

PaXl EhUlich, a GeUman-JeZiVh chemiVW,

helSed SioneeU Whe field of WheUaSeXWic

meWallodUXgV ZiWh hiV deYeloSmenW of
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SalYaUVan in 1912. IW ZaV SUoYen Wo be an

effecWiYe WUeaWmenW againVW V\ShiliV and haV

VXbVeTXenWl\ been Uecogni]ed aV Whe fiUVW

modeUn anWimicUobial agenW.2 PUioU Wo Whe

deYeloSmenW of SalYaUVan, Whe SUimaU\

WUeaWmenW foU V\ShiliV XWili]ed meUcXU\,

Zhich iV e[WUemel\ Wo[ic and haV been

demonVWUaWed Wo caXVe cogniWiYe decline

afWeU acXWe e[SoVXUe.3 AfWeU iWV inWUodXcWion

in 1912, SalYaUVan UaSidl\ UeSlaced meUcXU\

WUeaWmenW, deVSiWe Whe facW WhaW SalYaUVan iV

an oUganoaUVenic comSoXnd, making iW alVo

TXiWe Wo[ic, ZiWh a Wendenc\ Wo µbXUn XS

YeinV¶.

FigXUe 1. MolecXlaU VWUXcWXUe of SalYaUVan

(AUVShenamine)

SalYaUVan offeUV a good hiVWoUical e[amSle

of Whe dUaZbackV of meWallodUXgV and Whe

challengeV WhaW face WheiU VXcceVVfXl

imSlemenWaWion. The medical aSSlicaWion of

meWallodUXgV iV VeYeUel\ limiWed b\ Whe

Wo[iciW\ of man\ WUanViWion meWalV comSaUed

Wo oUganic comSoXndV. ThiV iV Zh\ Vi[Ween

\eaUV laWeU, in 1928, Whe oUganic anWibioWic

Senicillin TXickl\ UeSlaced ValYaUVan foU Whe

WUeaWmenW of V\ShiliV and man\ oWheU

diVeaVeV. While meWallodUXgV aUe YeU\

aWWUacWiYe Wo ShaUmaceXWical UeVeaUcheUV

becaXVe of WheiU ama]ing YeUVaWiliW\ of

VWUXcWXUe and fXncWion, WheVe WUeaWmenWV mXVW

be caXWioXVl\ imSlemenWed becaXVe of WheiU

SoWenWial Wo[iciW\.

AV a UeVXlW of Whe Wo[iciW\ UiVk, Whe moVW

Zell-UeVeaUched aSSlicaWionV of meWallodUXgV

aUe foU Whe WUeaWmenW of SoWenWiall\ WeUminal

diVeaVeV, foU Zhich SaWienWV ofWen don¶W haYe

an\ oWheU UecoXUVe. AddiWionall\, Whe

c\WoWo[iciW\ of meWalloShaUmaceXWical dUXgV

can, in facW, be an adYanWage, eVSeciall\ in

WheiU aSSlicaWion aV anWimicUobialV and

anWi-canceU dUXgV. One of Whe moVW famoXV

e[amSleV of a meWal-conWaining anWi-canceU

agenW iV ciVSlaWin (PlaWinol) Zhich ZaV

diVcoYeUed in 1965 b\ BaUneWW RoVenbeUg

and LoUeWWa VanCamS aW Michigan SWaWe

UniYeUViW\. Since iWV diVcoYeU\, ciVSlaWin haV

been XVed foU Whe WUeaWmenW of bladdeU, head

and neck, lXng, oYaUian, and WeVWicXlaU

canceUV. IW¶V Zidel\ effecWiYe againVW man\

W\SeV of canceUV, inclXding caUcinomaV,

geUm cell WXmoUV, l\mShomaV, and

VaUcomaV.4
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FigXUe 2. MolecXlaU VWUXcWXUe of ciVSlaWin

(PlaWinol)

The mechaniVm of acWion of ciVSlaWin

highlighWV Whe Za\ Wo[iciW\ can be XVed Wo a

WheUaSeXWic adYanWage. USon enWeUing Whe

cell, ciVSlaWin h\dUol\]eV, loVing WZo

chloUide ionV (FigXUe 2) and becoming a

SoWenW elecWUoShile ZiWh a 2+ o[idaWion VWaWe

WhaW iV able Wo UeacW ZiWh Whe niWUogen aWomV

in nXcleic acidV. SSecificall\, ciVSlaWin iV

able Wo bind Wo Whe N7 UeacWiYe cenWeU of

SXUine UeVidXe nXcleoWideV like gXanine and

adenine. Since Whe o[idaWion VWaWe of

h\dUol\]ed ciVSlaWin iV 2+, iW iV able Wo bind

Wo WZo nXcleoWideV, caXVing an iUUeYeUVible

blockage Wo DNA UeSlicaWion, WUiggeUing

aSoSWoWic cell deaWh. ThiV meWhod of acWion

ma\ kill healWh\ cellV in addiWion Wo

canceUoXV oneV, and haV been coUUelaWed

ZiWh man\ of Whe Wo[icological effecWV of

ciVSlaWin, inclXding neShUoWo[iciW\,5

heSaWoWo[iciW\, caUdioWo[iciW\,6 and

congeVWiYe heaUW failXUe.7 DeVSiWe WheVe

SoWenWial Vide-effecWV, ciVSlaWin iV a highl\

effecWiYe anWi-canceU agenW. ThiV iV becaXVe

iWV meWhod of acWion affecWV DNA

UeSlicaWion, Zhich occXUV moUe fUeTXenWl\ in

UaSidl\ diYiding canceUoXV cellV Whan in

noUmall\ fXncWioning VomaWic cellV.

CiVSlaWin and ValYaUVan aUe good e[amSleV

of meWallodUXgV cUeaWed aV µmagic bXlleW¶

WUeaWmenWV. BoWh aUe highl\ c\WoWo[ic dUXgV

inWended Wo WaUgeW a VSecific foUeign aWWackeU,

eiWheU UogXe cellV WhaW caXVe canceU oU Whe

bacWeUiXm WUeSonema SallidXm WhaW caXVeV

V\ShiliV. ThiV µmagic bXlleW¶ W\Se of

WUeaWmenW ZaV UelaWiYel\ common ZiWh eaUl\

meWallodUXgV, UeflecWing Whe difficXlW\ of

balancing Whe YeUVaWiliW\ of oUganomeWallic

ShaUmaceXWicalV ZiWh WheiU SoWenWial Wo[iciW\.

ThiV iVVXe UeYolYeV aUoXnd Whe difficXlW\ of

limiWing Whe c\WoWo[ic effecWV of WheVe dUXgV

onl\ Wo WaUgeW cellV, Zhich haV Whe SoWenWial

Wo UeVXlW in a nXmbeU of Vide effecWV

SoWenWiall\ eYen moUe VeUioXV Whan WhoVe

ciWed UegaUding ciVSlaWin. FoU e[amSle, Whe

anWiSaUaViWic aUVenic-conWaining dUXg

melaUVoSUol haV been XVed Vince 1949 Wo

WUeaW WU\SanoVomiaViV (AfUican VleeSing

VickneVV), deVSiWe Whe facW WhaW iW caXVeV

enceShaloSaWh\; damage oU diVeaVe affecWing

Whe bUain and cogniWion.8 ThiV incUedibl\

deleWeUioXV Vide-effecW ZoXld comSleWel\

eliminaWe Whe WheUaSeXWic XVe of melaUVoSUol
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if iW ZaVn¶W foU Whe facW WhaW XnWUeaWed

WU\SanoVomiaViV iV neaUl\ 100% faWal.9

FigXUe 3. MolecXlaU VWUXcWXUe of MelaUVoSUol

BMOV, BEOV, aQd BBOV

The SUoblem of Wo[iciW\ iV e[aceUbaWed in

ceUWain clinical aSSlicaWionV WhaW UeTXiUe high

oU UeSeaWed doVeV of medicaWion man\ WimeV

a da\. T\Se I diabeWeV iV a good e[amSle of a

VeUioXV aXWoimmXne diVeaVe WhaW UeTXiUeV

fUeTXenW UedoVing of medicaWion Wo mainWain

noUmal leYelV of inVXlin in Whe bod\

WhUoXghoXW Whe da\. In 1977, iW ZaV

diVcoYeUed WhaW WZo YanadiXm ValWV,

biV(malWolaWo)o[oYanadiXm(IV) (BMOV)

and biV(eWh\lmalWolaWo)o[oYanadiXm(IV)

(BEOV), ZeUe able Wo UeYeUVe moVW diabeWic

V\mSWomV in diabeWic lab UaWV. ThiV

SUomiVing iniWial finding ZaV TXickl\

WemSeUed dXUing SUe-clinical WUialV.

VanadiXm iV a SoWenW Wo[in and can, in high

enoXgh blood concenWUaWionV, inhibiW VSeUm

moWiliW\, caXVing infeUWiliW\ in maleV.9b, 10

VanadiXm Wo[iciW\ haV alVo been linked Wo

gaVWUoinWeVWinal and XUinaU\ diVeaVe, aV Zell

aV feWXV malfoUmaWion. TheVe Vide effecWV

became diVWincWl\ SUoblemaWic becaXVe Whe

UeSeaWed doVeV neceVVaU\ Wo mainWain SUoSeU

inVXlin UeleaVe UeVXlWed in Whe accXmXlaWion

of YanadiXm in Whe SancUeaWic WiVVXeV of lab

UaWV. ImSoUWanWl\, VXcceVViYe UeVeaUch on

YanadiXm-conWaining anWi-diabeWic dUXgV haV

\ielded Whe V\nWheViV of comSoXndV like

biV((5-H\dUo[\-4-o[o-4H-S\Uan-2-\l)meWh\

lben]oaWaWo)- o[oYanadiXm(IV) (BBOV)

Zhich ZaV V\nWheVi]ed in 2013, and haV half

Whe oUal Wo[iciW\, ZiWh Whe effecWiYe doVe

loZeUed b\ a facWoU of 1000.

FigXUe 4. MolecXlaU SWUXcWXUeV of BMOV,

BEOV, and BBOV

The eYolXWion of BBOV fUom BMOV and

BEOV VhoZcaVeV an imSoUWanW SaUW of Whe

Za\ WheVe dUXgV aUe deYeloSed, VimilaU Wo

Whe Za\ ValYaUVan UeSlaced meUcXU\

WUeaWmenWV foU V\ShiliV. T\Sicall\ Whe fiUVW

geneUaWion of a meWallodUXg iV fUaXghW ZiWh
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Wo[iciW\ iVVXeV, eiWheU eliminaWing WheiU

XVefXlneVV enWiUel\, oU limiWing iW aV a laVW

line of defenVe WUeaWmenW. SXcceVViYe

geneUaWionV, hoZeYeU, imSUoYe XSon Whe

VWUXcWXUe Wo decUeaVe Whe neceVVaU\ doVe Wo

Whe SoinW ZheUe Whe amoXnW of heaY\ meWal

conVXmed SeU doVe iV leVV Whan Whe amoXnW

Whe hXman bod\ can e[cUeWe in beWZeen

doVeV.

TR[iciW\ aQd Whe TheUaSeXWic IQde[

The Wo[iciW\ of meWallodUXgV iV linked Wo Whe

difficXlW\ ZiWh Zhich Whe\ aUe e[cUeWed.11

The meWaboliVm of ZaWeU-inVolXble heaY\

meWal comSle[eV alVo deSendV on Whe

SUeVence of cellXlaU anWio[idanWV WhaW aUe

able Wo TXench fUee UadicalV b\ VXVSending

Whe acWiYiW\ of en]\meV like caWalaVe,

SeUo[idaVe, and VXSeUo[ide diVmXWaVe.

E[cUeWion foU ZaWeU-VolXble comSle[eV, on

Whe oWheU hand, iV coUUelaWed ZiWh WheiU

abiliW\ Wo be VXcceVVfXll\ filWeUed fUom Whe

blood Yia Whe kidne\V. Man\ Vmall meWalV

like VodiXm SaVV eaVil\ WhUoXgh Whe neShUon,

bXW laUgeU heaY\ meWalV aUe ofWen Xnable Wo

diffXVe inWo Whe XUine aV eaVil\, making

neShUoWo[iciW\ a common Vide effecW of

oYeUdoVe on man\ meWallodUXgV (Table 1).

ThiV delicaWe balance beWZeen effecWiYe

doVeV and e[cUeWion iV Zell deVcUibed b\ a

dUXg¶V µWheUaSeXWic inde[¶ Zhich iV defined

aV Whe ZindoZ beWZeen a dUXg¶V WheUaSeXWic

and Wo[ic effecWV. AV Voon aV a WheUaSeXWic

inde[ can be deWeUmined, WhaW iV, aV Voon aV a

VSecific doVe iV foXnd Wo be conViVWenWl\

moUe WheUaSeXWic Whan Wo[ic, Whe WUeaWmenW

can be Zidel\ imSlemenWed. In facW, Whe

ZindoZ beWZeen WheUaSeXWic and Wo[ic

effecWV doeVn¶W eYen need Wo be YeU\ Zide foU

a dUXg Wo be aSSUoYed foU WUeaWmenW. Take

Whe e[amSle of liWhiXm caUbonaWe, an oUal

mood VWabili]eU WhaW ZaV FDA aSSUoYed in

1970 Wo UedXce VXicide UiVk and mood

VZingV in biSolaU SaWienWV.12 LiWhiXm¶V e[acW

meWhod of acWion iV \eW XnconfiUmed.

HoZeYeU, iW haV been SUoSoVed WhaW iW

UedXceV cellXlaU leYelV of m\oinoViWol, high

concenWUaWionV of Zhich aUe foXnd in Whe

neXUonV of biSolaU SaWienWV dXUing manic and

deSUeVViYe eSiVodeV. UnfoUWXnaWel\,

m\oinoViWol iV a neceVVaU\

gUoZWh-SUomoWing facWoU in mammalian

cellV, and a deficienc\ can UeVXlW in inWeVWinal

liSod\VWUoSh\ (AKA WhiSSle¶V diVeaVe)

Zhich can be faWal if XnWUeaWed.13 No maWWeU

Whe mechaniVm of Wo[iciW\, liWhiXm haV been

Zidel\ demonVWUaWed Wo be Wo[ic in doVeV

YeU\ neaU Whe WheUaSeXWic doVe foU biSolaU

SaWienWV. AV a UeVXlW, liWhiXm caUbonaWe haV a

YeU\ naUUoZ WheUaSeXWic inde[.14 So naUUoZ,

in facW, WhaW man\ biSolaU SaWienWV SUeVcUibed
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liWhiXm alVo XndeUgo liWhiXm

deconWaminaWion dXUing oU afWeU WUeaWmenW.

FigXUe 5. MolecXlaU VWUXcWXUe of liWhiXm

caUbonaWe

FXUWheU illXVWUaWing Whe difficXlW\ of a naUUoZ

WheUaSeXWic inde[, liWhiXm caUbonaWe haV

been e[amined aV a SoWenWial WUeaWmenW foU

neXUodegeneUaWiYe diVeaVeV like Al]heimeU¶V

diVeaVe. LiWhiXm ionV e[eUW a neXUoSUoWecWiYe

effecW on Whe am\gdala, hiSSocamSXV, and

SUefUonWal-coUWical UegionV of Whe bUain.15

ThiV WUeaWmenW, Zhile being SoWenWiall\

gUoXndbUeaking foU SaWienWV VXffeUing fUom

Al]heimeU¶V oU PaUkinVon¶V diVeaVe, haV

been deemed XnVafe dXe Wo Whe neceVViW\ of

lifelong inWake of liWhiXm in modeUaWe Wo

high doVeV.

A majoU UeaVon WhaW Vo man\ meWallodUXgV

haYe VXch naUUoZ WheUaSeXWic inde[eV iV a

UeVXlW of WheiU comSlicaWed cooUdinaWed

VWUXcWXUeV. The meWhod of acWion of man\ of

WheVe dUXgV iV SooUl\ XndeUVWood aV a UeVXlW

of Whe comSle[ VWeUic and coXlombic

inWeUacWionV beWZeen Whe chaUged meWalV and

WheiU ofWen bXlk\ ligandV. AV a UeVXlW, man\

dUXgV in addiWion Wo liWhiXm caUbonaWe, like

aXUanofin Zhich conWainV a gold (I) cenWeU,

haYe been heaYil\ cUiWici]ed deVSiWe WheiU

clinical efficac\.16 AXUanofin in SaUWicXlaU,

like a nXmbeU of oWheU gold (I) comSoXndV,

haV been VhoZn Wo VloZ Whe SUogUeVVion of

UheXmaWoid aUWhUiWiV b\ inhibiWing VeYeUal

caWheSVin SUoWeaVeV imSlicaWed ZiWh Whe

diVeaVe.17 The e[acW mechaniVm b\ Zhich

WheVe caWheSVinV aUe inhibiWed iV SooUl\

XndeUVWood hoZeYeU, leading SUacWicing

Sh\VicianV Wo SUeVcUibe WheVe gold

medicaWionV aV a laVW UeVoUW Zhen oWheU

WUeaWmenWV haYe failed.

FigXUe 6. MolecXlaU VWUXcWXUe of AXUanofin

CRQclXViRQ

DeVSiWe Whe field of meWalloShaUmaceXWicalV

UaSidl\ e[Sanding oYeU Whe laVW hXndUed

\eaUV, iW VWill UemainV leVV fXll\ deYeloSed
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Whan WUadiWional oUganic WUeaWmenW UoXWeV.

TheUe aUe WZelYe meWalV eVVenWial Wo hXman

Sh\Violog\, and oXU bodieV haYe deYeloSed a

comSle[ and VenViWiYe V\VWem of SaWhZa\V

foU WheiU WUanVSoUW and XWili]aWion. ThiV

comSle[iW\ SoVeV a coUe challenge Wo Whe

deYeloSmenW of noYel meWallodUXgV. The

hXman bod\¶V VenViWiYiW\ Wo WheVe meWalV iV

boWh a bleVVing and a cXUVe foU

oUganomeWallic ShaUmaceXWical UeVeaUcheUV.

While WheVe dUXgV can be incUedibl\ SoWenW

and WheiU XniTXe geomeWU\ makeV

fine-WXning WheiU fXncWionaliW\ a WanWali]ing

SoVVibiliW\, WheiU Wo[iciW\ and ofWen e[WUemel\

naUUoZ WheUaSeXWic inde[eV demand caXWion

Zhen deYeloSing an\ WUeaWmenW inYolYing

Whe XVe of heaY\ meWalV.
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ASSeQdi[

Table 1. To[icological comSaUiVon of of meWallodUXgV
DUXg TUeaWmenW of: MeWal To[icologic V\mSWomV

GadoliniXm (MRI conWUaVW
agenW)

GadoliniXm - NeShUoWo[iciW\
- HemaWo[iciW\
- HeSaWoWo[iciW\
- PancUeaWiWiV
- NeXUoWo[iciW\

SalYaUVan S\ShiliV AUVenic - InflammaWion
- VomiWing
- NaXVea
- NeShUoWo[iciW\

MeUcXU\ S\ShiliV MeUcXU\ - NeShUoWo[iciW\
- HemoUUhagic gaVWUoenWeUiWiV
- Abdominal Sain
- NeXUoSaWh\

CiVSlaWin CanceU PlaWinXm - NeShUoWo[iciW\
- PeUiSheUal neXUoSaWh\
- NaXVea
- VomiWing
- M\eloVXSSUeVVion

MelaUVoSUol AfUican
SleeSing
SickneVV

AUVenic - EnceShaloSaWh\
- GI/Vkin UeacWionV
- P\Ue[ia
- PeUiSheUal neXUoSaWh\

BMOV DiabeWeV
melliWXV (DM)

VanadiXm - InfeUWiliW\
- UUinaU\/GI diVeaVe
- FeWal defecWV

BEOV DM VanadiXm

BBOV DM VanadiXm Same Wo[icolog\ aV BMOV/BEOV, bXW 1000[
loZeU effecWiYe doVe

LiWhiXm
caUbonaWe

Mood
diVoUdeUV; inc.
biSolaU
diVoUdeU

LiWhiXm - NeShUoWo[iciW\
- WhiSSle¶V diVeaVe
- NaXVea
- VomiWing
- NeXUoSaWh\

AXUanofin RheXmaWoid
aUWhUiWiV

Gold - Anemia/leXkoSenia
- PUoWeinXUia
- HemaWXUia
- InflammaWion
- NeShUoWo[iciW\
- HeSaWoWo[iciW\
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ReYieZ

CoUUelaWion beWZeen ABO HiVWo Blood GUoXpV and
CoYid-19 SXVcepWibiliW\ and OXWcome
B\: YiW]chak SWein

AbVWUacW

SiQce Whe RQVeW Rf Whe CRYid 19 SaQdemic, a

diVeaVe caXVed b\ Whe YiUXV SARS-CRV-2,

UeVeaUch haV cRQQecWed ABO hiVWR-blRRd

gURXS aQWigeQV aQd WheiU URle iQ

VXVceSWibiliW\, RXWcRme, mRUWaliW\, aQd YiUal

XSWake Rf iQfecWed SaUWicleV. SamSle

SRSXlaWiRQV VWXdied VhRZed decUeaVed

VXVceSWibiliW\ aQd mRUWaliW\ iQ SaWieQWV Rf Whe

O QegaWiYe blRRd W\Se. ReVeaUch iV VWill

XQdeUZa\ WR deWeUmiQe ABO SRl\mRUShiVm

aQd iWV URle iQ VXVceSWibiliW\ aQd RXWcRme Rf

Whe diVeaVe. ReVeaUch cRQdXcWed ZiWh

SARS-CRV-1diVeaVe maQifeVWaWiRQ haV

SaYed Whe Za\ fRU SURSRVed mechaQiVmV iQ

Zhich ABO SRl\mRUShiVm ZaV eVWabliVhed

WR affecW VXVceSWibiliW\ aQd RXWcRme. The

hRVW UaQge Rf CRYid-19 iV deWeUmiQed b\ iWV

SSike SURWeiQ. AQWi-A RU AQWi-B aQWibRdieV

fURm Whe ABO blRRd gURXSV biQd WR Whe S

SURWeiQ, blRckiQg iWV cRQQecWiRQ ZiWh

aQgiRWeQViQ-cRQYeUWiQg eQ]\me 2. ACE2 iV

Whe hRVW UeceSWRU fRU SARS aQd CRYid-19.

ThiV VXSSRUWV Whe idea WhaW biQdiQg cRXld

decUeaVe VXVceSWibiliW\ WR CRYid-19. The S

SURWeiQV VXbXQiW¶V eVVeQWial

URle iQ UeceSWRU biQdiQg haV becRme a ke\

UeVeaUch fRcXV iQ aQWiYiUal WheUaSeXWic

deYelRSmeQW. ReVeaUch VWXd\iQg Whe

mechaQical mechaQiVm Rf YiUal XSWake Rf

SARS-CRV-1 aQd VWaWiVWical aQal\ViV Rf

gURXSV iQfecWed ZiWh CRYid-19 iQdicaWeV a

cRUUelaWiRQ beWZeeQ ABO hiVWR blRRd gURXSV

aQd VXVceSWibiliW\ aQd RXWcRme.

IQWURdXcWiRQ

CRUUelaWiRQ beWZeeQ ABO hiVWR-blRRd gURXS

aQWigeQV aQd iQcUeaVed VXVceSWibiliW\ aQd

illQeVV iQ iQfecWiRXV diVeaVe haV beeQ

ideQWified iQ adeQRcaUciQRma,1 WhURmbRViV,2

aQd eVRShageal caUciQRma.3 The RXWbUeak Rf

CRYid-19 iQ DecembeU 2019 UeVXlWed iQ a

2% mRUWaliW\ UaWe aQd aQ RYeUall

hRVSiWali]aWiRQ UaWe Rf 2.1%.4 5 ThiV Ueached

a Seak Rf 9.2% fRU WhRVe RYeU 60.6 ThURXgh

membUaQe micURdRmaiQV7, blRRd gURXS

aQWigeQV faciliWaWe iQWUacellXlaU XSWake Rf

YiUal SaUWicleV8. BlRRd W\SeV A, B, AB, aQd

O aUe caUbRh\dUaWe eSiWRSeV SUeVeQW RQ Whe

VXUface Rf Ued blRRd cellV. AQWigeQic

deWeUmiQaQWV Rf blRRd W\SeV A aQd B aUe Whe
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WUiVacchaUide mRieWieV GalNAc𝛂1-3-

(FXc𝛂1,2)-Galȕ- aQd

Gal𝛂1-3-(FXc𝛂1,2)-Galȕ-, Zhile O blRRd

aQWigeQ iV GalNA𝛂1,2-Galȕ-.9 ReVeaUch RQ

Whe cRUUelaWiRQ beWZeeQ ABO hiVWR-blRRd

gURXSV aQd SARS-CRV haV led VcieQWiVWV WR

UeVeaUch Whe mRlecXlaU mechaQiVmV Rf blRRd

aQWigeQV SUeVeQW iQ CRYid-19 becaXVe Rf iWV

VimilaUiW\ WR SARS-CRV iQ UeVSecW WR

ACE2.10

BORRd T\Se SXVceSWibiOiW\ aQd MRUWaOiW\

MXlWiSle VWXdieV haYe beeQ cRQdXcWed

VSaQQiQg diffeUeQW SRSXlaWiRQV UeVeaUchiQg

Whe cRUUelaWiRQ beWZeeQ blRRd gURXS

aQWigeQV aQd VXVceSWibiliW\ WR CRYid-19,

maQ\ Rf Zhich haYe SURYed a cRUUelaWiRQ

SUeVeQW. The laUgeVW VWXd\ cRQdXcWed WR daWe

ZaV iQ OQWaUiR, CaQada. IQfecWiRQ ZaV

deWeUmiQed b\ YiUal RNA SRl\meUaVe chaiQ

UeacWiRQ WeVWiQg, ZiWh Whe VecRQd RXWcRme Rf

VeYeUe illQeVV RU deaWh. The\ VWXdied a

VamSle SRSXlaWiRQ Rf 225,556 SeRSle

SRVVeVViQg a meaQ age Rf 54. The adjXVWed

UelaWiYe UiVk fRU O blRRd aQWigeQ gURXS iQ

UeVSecW WR blRRd aQWigeQ gURXSV A, B, AB,

ZaV 0.88 (95% Cl, 0.84 WR 0.92; abVRlXWe

UiVk diffeUeQce, -3.9 SeU 1000 [Cl, -5.4 WR

-2.15]).11 RheVXV QegaWiYe aQWigeQV iQ UegaUd

WR CRYid-19 ZaV adjXVWed UelaWiYe UiVk 0.79

[Cl, 0.73 WR 0.85]; abVRlXWe UiVk diffeUeQce,

-6.8 SeU 1000 [Cl, -8.9 WR -4.7]. ThRVe WhaW

ZeUe O QegaWiYe VhRZed aQ iQcUeaVed

SURWecWiYe UeVSRQVe Rf adjXVWed UelaWiYe UiVk,

0.74 [Cl, 0.66 WR 0.83]; abVRlXWe UiVk

diffeUeQce, -8.2 SeU 1000 [Cl, -10.8 WR -5.3].

TheVe UeVXlWV VhRZ a diUecW aVVRciaWiRQ

beWZeeQ O aQd Rh-QegaWiYe blRRd gURXSV

aQd lRZeU VXVceSWibiliW\ WR iQfecWiRQ Rf

CRYid-19.12

IQ ChiQa, UeVeaUch cRQdXcWed b\ JiaR ZhaR

VWXdied Whe cRUUelaWiRQ beWZeeQ blRRd W\Se

VXVceSWibiliW\ aQd mRUWaliW\ iQ a VamSle

SRSXlaWiRQ Rf 1,775 SaWieQWV. The SaWieQWV

had a blRRd W\Se diVWUibXWiRQ Rf A, B, AB,

aQd O Rf 37.8%, 26.4%, 10%, aQd 25.8%.

The SURSRUWiRQ Rf blRRd gURXS A amRQg Whe

SaWieQWV SRViWiYe fRU CRYid-19 ZaV higheU iQ

Whe cRQWURl gURXS, ZiWh 37.8% iQ Whe fRUmeU

YeUVXV 32.2% iQ Whe laWWeU S<0.001). ThRVe

iQ Whe O blRRd gURXS ZeUe lRZeU WhaQ Whe

cRQWURl gURXS, 25.80% YeUVXV 33.84%

(P<0.001). CRYid-19 VXVceSWibiliW\ iQcUeaVed

fRU blRRd gURXS A (Rdd UaWiR 1.279, 95% Cl

1.136a1.440) aQd decUeaVed fRU blRRd gURXS

O (RddV UaWiR 0.680, 95% Cl 0.599a0.771).13

ReVeaUcheUV aSSlied WhiV diVWUibXWiRQ SaWWeUQ

iQ VWXd\iQg iQcUeaVed UiVk fRU deceaVed

SaWieQWV. The diVWUibXWiRQ fRU blRRd gURXSV

A, B, AB, aQd O iQ a VamSle Rf 206
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deceaVed SaWieQWV ZaV 41.3%, 24.3%, 9.2%,

aQd 25.2%. LRZeU UiVk Rf deaWh ZaV

aVVRciaWed ZiWh blRRd gURXS O YeUVXV QRQ-O

gURXSV, ZiWh aQ RddV UaWiR Rf 0.660 (95% Cl

0.479a0.911, P=0.014). BlRRd gURXS A ZaV

aVVRciaWed ZiWh a higheU UiVk Rf deaWh YeUVXV

QRQ- A gURXSV ZiWh aQ RddV UaWiR Rf 1.482

(95% Cl 1.113 a1.972, P = 0.008).14

CRYid-19

TheVe VWXdieV SURSRVe a WUeQd iQ Whe

cRUUelaWiRQ beWZeeQ ABO blRRd gURXSV aQd

Whe VeYeUiW\ Rf CRYid-19. HRZeYeU, UeVeaUch

iV VWill XQdeUZa\ RQ Whe mRlecXlaU

mechaQiVm b\ Zhich

ABO SRl\mRUShiVm

Sla\V a URle iQ

VXVceSWibiliW\ aQd

VeYeUiW\. ReVeaUch

cRQdXcWed cRQQecWiQg

ABO blRRd gURXSV,

aQd SARS-CRV-1 haV

SaYed Whe Za\ fRU

VWXdieV cRQceUQiQg

CRYid-19 aQd Whe

mRlecXlaU mechaQiVm b\ Zhich aQWigeQV

Sla\ a URle iQ VXVceSWibiliW\ aQd RXWcRme.

SeYeUe acXWe UeVSiUaWRU\ V\QdURme, alVR

kQRZQ aV SARS, ZaV fiUVW UecRgQi]ed iQ

GXaQgdRQg PURYiQce, ChiQa, iQ NRYembeU

2002.15 IQ JXQe 2003, Whe eSidemic ZaV

fiQall\ cRQWaiQed,16 SRVVeVViQg a caVe faWaliW\

UaWe Rf 11%.17

SSiNe PURWeiQV aQd ACE2

ABH aQWigeQV SUeVeQW WhemVelYeV RQ

SlaWeleWV fURm a SeUVRQ ZiWh Whe

cRUUeVSRQdiQg SheQRW\Se.18 The\ aUe fRXQd

RQ eSiWhelial cellV, cRmmRQl\ iQ Whe XSSeU

UeVSiUaWRU\ WUacW, QaVal eSiWheliXm, aQd

WUachea.13 TheVe cellV caQ V\QWheVi]e ABH

caUbRh\dUaWe eSiWRSeV. The hRVW UaQge Rf

CRURQaYiUXV iV deWeUmiQed b\ iWV S SURWeiQ

(Aka VSike SURWeiQ) (FigXUe 1).19 S SURWeiQV

aUe W\Se I WUaQVmembUaQe aQd claVV I fXViRQ

SURWeiQV SRVVeVViQg

aQ N-WeUmiQal

dRmaiQ aQd

UeceSWRU biQdiQg

dRmaiQ, makiQg XS

Whe S1 VXbXQiW,

C-WeUmiQal

dRmaiQ, fXViRQ

SeSWide,

heSWaSeSWide

UeSeaW VeTXeQce 1,

HR2, TM dRmaiQ, aQd c\WRSlaVmic dRmaiQ,

makiQg XS Whe S2 VXbXQiW.20 TheVe dRmaiQV

fXQcWiRQ fRU UeceSWRU biQdiQg aQd YiUXV-cell

fXViRQ (FigXUe 2).21 BecaXVe Rf WheiU QaWXUe,

UeVeaUcheUV SURSRVed iQ a VWXd\ WhaW Whe S
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SURWeiQ Rf YiUiRQV SURdXced b\ eiWheU A RU B

blRRd gURXSV ZRXld be able WR be decRUaWed

ZiWh A aQd B caUbRh\dUaWe eSiWRSeV. The

aQWi-A RU aQWi-B aQWibRdieV fURm Whe ABO

blRRd gURXSV cRXld biQd WR Whe S SURWeiQ aQd

blRck iWV cRQQecWiRQ ZiWh

aQgiRWeQViQ-cRQYeUWiQg eQ]\me 2 (ACE2).

SiQce ACE2 iV Whe hRVW UeceSWRU fRU

SARS-CRV-1,22, iQhibiWiQg Whe biQdiQg cRXld

decUeaVe VXVceSWibiliW\ WR SARS-CRV-1.

ThiV h\SRWheViV ZaV WeVWed XViQg a cell

biQdiQg aVVa\ WhaW UecRQVWUXcWed Whe

iQWeUacWiRQV beWZeeQ S SURWeiQV aQd ACE2.23

IW ZaV iQdicaWed WhaW Whe iQWeUacWiRQ beWZeeQ

Whe S SURWeiQV aQd ACE2 cRXld iQWeUYeQe iQ

adheViRQ beWZeeQ ACE2 aQd cellV

SRVVeVViQg S SURWeiQV aQd A hiVWR-blRRd

gURXSV. ThiV ZRXld be iQhibiWed b\

aQWi-A-aQWibRdieV, UedXciQg VXVceSWibiliW\.

Cell adheViRQ iV XVed WR VcUeeQ mRlecXleV

WhaW blRck Whe WUaQVfXViRQ Rf a YiUXV ZiWhRXW

Whe XVe Rf iQfecWed mRlecXleV. ThiV meWhRd

diVSla\ed mRQRclRQal aQWi-A aQWibRd\ RU

QaWXUal SlaVma aQWi-A iQhibiWiQg SARS-CRV

S SURWeiQV bRQdiQg WR ACE2.10 CRUUelaWiQg

VWXdieV cRQfiUmed gURXSV Rf gl\cRV\laWiRQ

ViWeV aUe lRcaWed aURXQd Whe RBM Rf Whe

SARS-CRV S SURWeiQ.24 25
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AQWibRdieV caQ biQd WR WheVe gl\caQV aQd

iQhibiW Whe iQWeUacWiRQV beWZeeQ ACE2 aQd S

SURWeiQV b\ iQWeUfeUiQg ZiWh WheiU YiUal

UeSlicaWiRQ c\cle.26 ThiV blRck decUeaVeV

VXVceSWibiliW\ WR SARS-CRV. TheVe VWXdieV

VXSSRUW Whe idea WhaW ABO-hiVWR-blRRd gURXS

aQWigeQV, WhURXgh Whe acWiRQV Rf QaWXUal

aQWibRdieV, cRXld iQhibiW Whe WUaQVfXViRQ Rf

iQfecWiRXV SaUWicleV, caXViQg

cRmSlemeQW-mediaWed-QeXWUali]aWiRQ.27 10

SARS-CRV-1 BORRd T\Se aQd

SXVceSWibiOiW\

DXUiQg Whe RXWbUeak

Rf SARS-CRV-1, a

VWXd\ cRQdXcWed iQ

HRQg KRQg, ChiQa,

mRdeled Whe effecW

Rf QaWXUal aQWi-A

aQd B aQWibRdieV

aQd Whe

VXVceSWibiliW\ Rf Whe YiUXV. ThUee

WUaQVmiVViRQ SaWWeUQV, each SRVVeVViQg

diffeUeQW WUaQVmiVViRQ SURbabiliWieV,

accRUdiQg WR Whe amRXQW Rf SURWecWiRQ

SURYided b\ aQWi-hiVWR-blRRd gURXS QaWXUal

aQWibRdieV SUeVeQWed WhemVelYeV. The

VWURQgeU Whe gURXS effecW, Whe mRUe

SURWecWiRQ RffeUed. ReVeaUcheUV aVVeVVed

gURXS effecW baVed RQ a SRSXlaWiRQ Rf

iQfecWed iQdiYidXalV SRVVeVViQg diffeUeQW

blRRd W\Se fUeTXeQcieV²Whe mRUe

VXbVWaQWial Whe imSacW Rf Whe gURXS, Whe

VWURQgeU Whe dela\ Rf Whe eSidemic. ReVXlWV

diVSla\ed a VWURQg gURXS effecW iQ gURXSV

ZiWh high fUeTXeQcieV Rf blRRd W\Se O. TR

cRQfiUm Whe UeVXlWV, Whe\ UaQ VimXlaWiRQV

cRQViVWiQg Rf A, B, aQd AB blRRd gURXSV,

aQd Whe UeVXlWV ZeUe XQmRdified.28 ThiV

VWXd\ VhRZV maWhemaWical eYideQce

VXSSRUWiQg ABO hiVWR-blRRd gURXSV¶

cRQWUibXWiRQ WR YiUal WUaQVmiVViRQ iQ

SARS-CRV-1.

HeSWad ReSeaW

DRPaiQ

DeSeQdeQc\

ThiV UeVeaUch

cRQdXcWed RQ S

SURWeiQV aQd WheiU

URle iQ VeYeUe

UeVSiUaWRU\ V\QdURme haV led WR cRUUelaWiQg

VWXdieV aQd cliQical UeVeaUch iQWR aQWiYiUal

dUXg deYelRSmeQW fRU CRYid-19 aQd iWV

illQeVV caXVed b\ iW, CRYid 19. The S SURWeiQ,

aQd iWV VXbXQiWV, S1 aQd S2, Sla\ aQ eVVeQWial

URle iQ UeceSWRU biQdiQg aQd eQWU\ Rf

iQfecWiRXV YiUal SaUWicleV iQWR iWV hRVW cell

(FigXUe 3), makiQg iW aQ imSRUWaQW fRcXV Rf

UeVeaUch iQWR SURdXciQg aQWiYiUal medicaWiRQ.
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IQ Whe S2 VXbXQiW, Whe heSWad UeSeaW dRmaiQ

haV beeQ a cUiWical fRcXV iQ UeVeaUch fRU

aQWiYiUal WheUaSeXWic medicaWiRQ. The heSWad

UeSeaW aUea iQ Whe S2 VXbXQiW Sla\V a cUXcial

URle iQ HCV iQfecWiRQ. AV a mRde Rf

iQWeUacWiRQ fRU HR1 aQd HR2.29 IQ a VimilaU

VWXd\, a V\QWheWic SeSWide cUeaWed fURm Whe

VWem UegiRQ Rf a Zika YiUXV eQYelRSe SURWeiQ

iQhibiWV Whe iQfecWiRQ aQd RWheU flaYiYiUXVeV

iQ YiWUR, diVUXSWiQg Whe iQWegUiW\ Rf Whe YiUal

membUaQe.30 ThiV VWXd\ iQdicaWeV higheU

aQWiYiUal efficieQc\ ZheQ SeSWideV WakeQ

fURm cRQVeUYed UegiRQV Rf YiUal SURWeiQV aUe

XWili]ed iQ deYelRSiQg Whe WUeaWmeQW. A VWXd\

fXUWheU WeVWiQg WhiV WheRU\ fRXQd WhaW

SeSWideV aUe WakeQ fURm Whe HR2 SaUW Rf Whe

S2 VXbXQiW fRUmed claVV 1 YiUal fXViRQ

SURWeiQV Rf eQYelRSed YiUXVeV cRmSeWiWiYel\

bRXQd WR YiUal HR1, UeVXlWiQg iQ aQ

iQhibiWiRQ Rf iQfecWiRQ mechaQiVmV.31 ThiV

RSeQV Whe dRRU fRU deYelRSiQg a WheUaSeXWic

dUXg WhaW ZRUkV aV a fXViRQ iQhibiWRU WR WUeaW

CRYid-19 (FigXUe 4).32 CliQical WUialV aUe

cXUUeQWl\ XQdeUZa\ UeVeaUchiQg Whe

deSeQdeQc\ Rf CRYid-19 RQ Whe S SURWeiQ.33

34 35
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CRQcOXViRQ

The cRUUelaWiRQ beWZeeQ S SURWeiQV aQd

ABO hiVWR-blRRd gURXSV VXSSRUWV Whe WheRU\

WhaW blRRd W\Se Sla\V a URle iQ VXVceSWibiliW\

aQd RXWcRme UegaUdiQg CRYid-19. SWaWiVWical

aQal\ViV Rf iQfecWed aQd QRQiQfecWed

SRSXlaWiRQV VhRZ a cRUUelaWiRQ beWZeeQ

blRRd W\Se O- aQd a decUeaVe iQ

VXVceSWibiliW\ aQd mRUWaliW\ UaWe Rf iQfecWed

iQdiYidXalV. BlRRd W\Se O diVSla\ed aQ RddV

UaWiR Rf 0.680, 95% Cl 0.599a0.771

UegaUdiQg VXVceSWibiliW\ aQd aQ RddV UaWiR Rf

0.660 (95% Cl 0.479a0.911, P=0.014)

UegaUdiQg mRUWaliW\ Rf iQfecWed iQdiYidXalV.

AV UeVeaUch cRQWiQXeV WR fXUWheU Whe

XQdeUVWaQdiQg Rf Whe mechaQiVmV Rf

iQfecWiRQ, beWWeU WheUaSeXWic aQWiYiUal

medicaWiRQV fRU iQdiYidXalV e[SRVed Zill

becRme a UealiW\, cRmbaWiQg Whe mRUWaliW\

UaWe aQd VXVceSWibiliW\ Rf CRYid-19.
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YeVhiYa UniYerViW\ JoXrnal of Medicine and DenWiVWr\

ArWicle

The Role of SIRT2 E[preVVed b\ Oligodendroc\WeV in
IncreaVing A[onal ATP
B\: Yanna\ Kaplan

AbVWUacW

A[onV reqXire VXfficienW energ\ Wo be

healWh\, oWherZiVe neXrodegeneraWiYe

diVeaVeV reVXlW. A recenW VWXd\ VhoZV WhaW

oligodendroc\WeV (OL) Vend SIRT2 proWeinV

in e[oVomeV Zhich increaVeV a[onal ATP

leYelV. The deliYer\ of SirWXin 2 (SIRT2)

ZaV foXnd Wo be criWical Wo increaVe ATP

a[onal energ\ b\ XVing in YiYo VampleV

comparing ZildW\pe OLV Wo

SIRT2-deleWionV, b\ XVing neXronV from

knockoXW mice, and b\ preYenWing Whe

e[preVVion of SIRT2 from Whe e[oVome.

Onl\ ZildW\pe OLV e[hibiWed VWrong

aceW\laWion of miWochondrial proWeinV ANT1

and ANT2. AddiWionall\, SIRT2 ZaV foXnd

Wo reYiYe Whe miWochondrial abiliW\ of

knockoXW mice. UVing WhiV daWa, a poWenWial

Za\ Wo increaVe ATP prodXcWion in

neXrodegeneraWiYe diVeaVe haV been

diVcoYered.

IQWURdXcWLRQ

The brain iV compoVed of VeYeral W\peV of

cellV, inclXding neXronV, oligodendroc\WeV,

glial cellV, and aVWroc\WeV. Oligodendroc\WeV

(OL) are reVponVible for coYering neXronV

ZiWh a m\elin VheaWh, Zhich alloZV VignalV

Wo be VenW qXickl\ WhroXghoXW Whe bod\. A

recenW VWXd\ demonVWraWed OLV are

fXndamenWal Wo enVXre neXronV can prodXce

ATP.1 ThiV reVearch proYided a beWWer

XnderVWanding of a mechaniVm in Zhich OLV

alloZ a[onal miWochondria Wo prodXce ATP.

A lack of neXronal VXppl\ of ATP iV

connecWed Wo neXrodegeneraWiYe diVeaVeV

VXch aV Al]heimer¶V, ParkinVon¶V, and MS.2,3

PreYioXV VWXdieV haYe VhoZn WhaW OLV are

YiWal Wo Whe fXncWion of an a[on and WhaW

haYing Whe m\elin VheaWh inWacW ZiWhoXW OLV

iV inVXfficienW and a[onV Zill die.4,5 TheVe

VWXdieV haYe demonVWraWed a link beWZeen

Whe healWh of an a[on, ATP, and OLV.6 The

pXrpoVe of WhiV paper iV Wo e[plain hoZ

reVearcherV in a VWXd\ anal\]ed Whe

mechaniVm in Zhich OLV caXVe a[onal

miWochondria Wo increaVe Whe prodXcWion of

ATP.1
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OL EQhaQcePeQW Rf ATP PURdXcWLRQ LQ

A[RQV

IW iV firVW imperaWiYe Wo eVWabliVh a VignificanW

correlaWion beWZeen OLV and ATP

prodXcWion leYelV in a[onV. Chamberlain eW

al e[WracWed neXronV from mice and

VeparaWed Whe a[onV from Wheir cell bodieV

XVing a microflXidic chamber. A[onV Zere

diYided inWo WZo groXpV. A conWrol groXp

ZaV creaWed conWaining onl\ Whe a[onV. In a

Vecond e[perimenWal groXp, OLV Zere

added. In each groXp of a[onV, ATP leYelV

Zere meaVXred XVing a meWhod called

FlXoreVcence reVonance energ\ WranVfer

(FRET) Zhich XVeV flXoreVcenW markerV Wo

deWecW ATP binding. A VignificanW increaVe

of ATP (p<0.0001) in Whe e[perimenWal

groXp ZaV obVerYed in compariVon Wo Whe

conWrol groXp, demonVWraWing WhaW OLV haYe

an imporWanW role in ATP prodXcWion in

a[onV. The adYanWage Wo FRET iV WhaW iW iV

highl\ Vpecific, alloZing for Whe

deWerminaWion of Whe Vpecific organelle in

Zhich ATP generaWion occXrV. SpecificiW\

enVXreV WhaW Whe conclXVionV reached Zill be

more preciVe, and WhaW doXbWV regarding Whe

accXrac\ of Vome preYioXV VWXdieV and Wheir

correVponding conclXVionV are alla\ed.3

AddiWionall\, XVing WhiV meWhod, reVXlWV are

receiYed in real-Wime. Non-m\elinaWing OLV

Zere XVed for moVW of Whe e[perimenWV

deVcribed, Zhich increaVeV Whe informaWion

regarding hoZ non-m\elinaWing OLV in gra\

maWWer VXpporW a[onal ATP prodXcWion.1

Ne[W, Whe\ deWermined if Whe W\pe of Vignal

WranVferred beWZeen Whe OL and Whe a[on

Zhich led Wo Whe eYenWXal increaVe in ATP in

an a[on iV conWacW dependenW or VecreWor\

baVed. To XnderVWand Whe proceVV Xndergone

b\ OLV Wo increaVe ATP, Whe reVearcherV lefW

pXre OLV on media/broWh for 24 hoXrV Wo

condiWion Whe media. AfWer 24 hoXrV, Whe\

remoYed Whe OLV and incorporaWed Whe

condiWioned media ZiWh Whe a[onV. The

media caXVed a Vimilar increaVe in ATP in

Whe a[onV. DXe Wo ATP prodXcWion alVo

increaVing Zhile OLV Zere noW preVenW, Whe

reVearcherV conclXded WhaW a VecreWor\

mechaniVm ZaV XVed b\ OLV Wo WranVmiW

energ\ Wo a[onV. AV Zill be deVcribed laWer,

SIRT2 iV being e[preVVed b\ OLV. BaVed on

Whe aboYe, Whe e[preVVion of SIRT2 b\ OLV

iV noW baVed on a[on need bXW iV inVWead a

conWinXoXV releaVe of Whe proWein.1,7

PRVVLbOe EffecW Rf LacWaWe RQ A[RQaO ATP

PURdXcWLRQ

LacWaWe iV an imporWanW energ\ VoXrce for

a[onV. The molecXle iV broken doZn inWo

p\rXYaWe and aVViVWV miWochondria Wo creaWe

ATP WhroXgh o[idaWiYe phoVphor\laWion.
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One VoXrce of lacWaWe for a[onV are OLV.8 IW

ZaV h\poWheVi]ed WhaW if lacWaWe ZaV added

Wo media conWaining onl\ a[onV, a[onal

miWochondria ZoXld abVorb Whe lacWaWe and

increaVe prodXcWion of ATP. When lacWaWe

ZaV applied Wo Whe media, no change in

flXoreVcence ZaV obVerYed in Whe a[on,

indicaWing Whe addiWion of lacWaWe Wo a[onV

had no VignificanW effecW on a[onal ATP

leYelV.1 ThXV, anoWher mechaniVm

reVponVible for increaVing ATP mXVW be

foXnd.

PRVVLbOe EffecW Rf OL E[RVRPeV RQ

A[RQaO ATP PURdXcWLRQ 

OLV releaVe e[oVomeV reVponVible for Whe

deYelopmenW of neXronV and Wheir

mainWenance. FXrWher reVearch ZaV

condXcWed Wo deWermine ZheWher e[oVomeV

poVVeVV an inflXence on Whe prodXcWion of

ATP in neXronV. Media ZaV condiWioned

ZiWh ZildW\pe OLV and incorporaWed inWo a

plaWe conWaining a[onV. A Vecond plaWe of

a[onV alVo receiYed condiWioned media from

OLV aV Zell aV a neXWral Vphingom\elinaVe

inhibiWor Wo inhibiW Whe e[pXlVion of

e[oVomeV from Whe mXlWiYeVicXlar

membrane. FRET ZaV XVed Wo meaVXre ATP

binding. A VignificanW difference in ATP

prodXcWion ZaV obVerYed Zhen OLV Zere

added Wo Whe reVpecWiYe plaWeV. ThiV

difference demonVWraWed WhaW e[oVomeV are

an imporWanW Yariable in an a[on¶V energ\

prodXcWion. AddiWionall\, e[oVomeV Zere

VWained and deWecWed in a[onV. ReVearcherV

deWermined WhaW e[oVomeV from maWXre bXW

noW neceVVaril\ m\elinaWing OLV increaVe

a[onV¶ capabiliW\ Wo prodXce more ATP. 1

EQULchPeQW Rf SIRT2 LQ OLV aQd

SecUeWLRQ LQ E[RVRPeV

Once reVearcherV deWermined WhaW a VecreWor\

mechaniVm iV XVed b\ e[oVomeV,

Whe\ inYeVWigaWed Whe proWein SIRT2 aV a

poVVible proWein being VecreWed. SIRT2 iV a

deaceW\laVe commonl\ foXnd in OL

e[oVomeV (iW iV foXnd 40[ more in OLV Whan

neXronV) and haV been recenWl\ foXnd Wo

WraYel Wo Whe miWochondria and deaceW\laWe

miWochondrial proWeinV.1 AceW\laWion of

miWochondria iV knoZn Wo conWrol ATP

prodXcWion.9 NeXron cXlWXreV Waken from

mice conWaining boWh OLV and a[onV Zere

VWained Wo aVVeVV Whe e[preVVion of SIRT2 in

OLV. The finding ZaV WhaW onl\ maWXre OLV

e[preVVed SIRT2.1 7

ScienWiVWV foXnd a direcWl\ proporWional

connecWion beWZeen m\elinaWion from

maWXre OLV and SIRT2 leYelV. The\

obVerYed SIRT2 preVenW in boWh Whe brain

and Vpinal cord of mice. A laWer e[perimenW
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e[amineV WhiV fXrWher. ThroXgh WhiV

e[perimenW, reVearcherV conclXded WhaW OLV

VecreWe e[oVomeV conWaining SIRT2, Zhich

increaVeV ATP prodXcWion in neXronV.1

 

LeYeOV Rf ATP

IQcUeaVed b\ PUeVeQce

Rf SIRT2 

The ne[W e[perimenW

condXcWed conViVWed of

Whree parWV, all

VXggeVWing WhaW SIRT2 iV Whe YiWal componenW

Zhich caXVeV an increaVe in ATP prodXcWion

in neXronV. One parW e[amined Whe effecW on

a[onal energ\ Zhen OLV conWaining

e[oVomeV ZiWhoXW SIRT2 Zere groZn ZiWh

a[onV, compared Wo Zhen OLV ZiWh SIRT2

e[preVVing e[oVomeV Zere XVed. The former

baWch of OLV Zere Waken from general

SIRT2 knockoXW mice. No increaVe in a[onal

energ\ ZaV foXnd Zhen OLV ZiWhoXW SIRT2

Zere XVed, Zhile a VignificanW increaVe of

a[onal ATP ZaV meaVXred Zhen OLV

e[preVVing e[oVomeV conWaining SIRT2 Zere

XVed.1

In Whe Vecond VWage, a

Wrial ZaV condXcWed in

Zhich SIRT2 ZaV

placed in a Yiral YecWor

and added Wo a[onV. No

OLV Zere XVed in WhiV

VWage. If no SIRT2 ZaV added Wo Whe YecWor,

Whe leYel of ATP in an a[on did noW change;

hoZeYer, Zhen SIRT2 ZaV added Wo Whe

YecWor, a[onV increaVed Wheir prodXcWion of

ATP. ThXV, Whe reVearcherV conclXded WhaW

Whe YiWal componenW in Whe proceVV of

increaVing prodXcWion of ATP in an a[on iV

dXe Wo SIRT2 in an OL¶V e[oVomeV (FigXre

1).1
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The Whird VWage XVed a Vmall molecXle of

RNA Zhich WargeWV SIRT2 mRNA and

caXVeV degradaWion. The e[oVome of Whe OL

loVeV a majoriW\ of iWV SIRT2 proWein. AV a

reVXlW of Whe VignificanW decreaVe of SIRT2

e[preVVion, cXlWXreV Zhich conWained

SIRT2-deficienW OLV and a[onV caXVed

Vimilar ATP prodXcWion leYelV aV

indiYidXall\ cXlWXred a[onV. ThiV ZaV in

conWraVW Wo a[onV Zhich Zere cXlWXred ZiWh

OLV Zhich e[preVVed SIRT2, Zhich VhoZed

higher ATP prodXcWion leYelV. All Whree

e[perimenWV deVcribed VhoZ a direcWl\

proporWional correlaWion beWZeen SIRT2

e[preVVion and ATP prodXcWion.1

NeXURQ MLWRchRQdULaO DeaceW\OaWLRQ

CaXVed b\ SIRT2 

AfWer eVWabliVhing a correlaWion beWZeen OL

e[oVome VecreWion of SIRT2 and an increaVe

in a[onal ATP, fXrWher e[perimenWV Zere

done Wo deWermine Whe mechaniVm in Zhich

Whe preVence of SIRT2 in a neXron¶V a[on

caXVeV ATP prodXcWion Wo increaVe. TZo

groXpV of neXronV Zere prodXced, one ZiWh

Zild W\pe OLV in media and Whe oWher ZiWh

SIRT2 knockoXW OLV preVenW, Zhich

preYioXVl\ VhoZed no increaVe in ATP

compared Wo a[onV alone. SXbVeqXenWl\,

miWochondrial proWeinV Zere iVolaWed from

neXronV WhroXgh cenWrifXgaWion and
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miWochondrial fracWionaWion. TheVe

miWochondrial proWeinV Zere placed in WZo

baWcheV of OLV ± one Zhich e[preVVed

SIRT2 and one Zhich did noW ± and Whe

qXanWiW\ of deaceW\laWed proWeinV ZaV

meaVXred. AV aforemenWioned, SIRT2 iV

knoZn Wo be a deaceW\laVe, Vo Whe Zild-W\pe

baWch ZaV h\poWheVi]ed Wo conWain more

deaceW\laWed proWeinV. In addiWion, reVearch

haV VhoZn WhaW deaceW\laWion of

miWochondrial proWeinV increaVeV Wheir

acWiYiW\, Zhich increaVeV ATP prodXcWion.

AV predicWed, Whe reVearcherV foXnd WhaW Whe

ZildW\pe a[onV prodXced more ATP,

Vignif\ing WhaW SIRT2 deaceW\laWed proWeinV.1

SXbVeqXenWl\, Whe e[perimenWerV choVe

Vpecific miWochondrial proWeinV Zhich Whe\

h\poWheVi]ed SIRT2 ZoXld bind Wo WhaW ma\

caXVe an increaVe in a[onal ATP. The

proWeinV choVen inclXded ANT1, ANT2,

PHB2, ATP5A, and NDUFA5. The\ foXnd

WhaW SIRT2 deaceW\laWeV ANT1 and ANT2

bXW noW PHB2, ATP5A, and NDUFA5

(FigXre 2). The reaVoning behind Whe

inconViVWenc\ of proWein deaceW\laWion iV lefW

open Wo fXWXre e[perimenWV. The VWXd\

reVearcherV VXggeVW WhaW perhapV oWher VirWXin

proWeinV are reVponVible for deaceW\laWing Whe

proWeinV lefW XnWoXched.1

ReYLYaO Rf MLWRchRQdULaO FXQcWLRQ YLa

SIRT2

In a final e[perimenW, Whe reVearcherV

aVVeVVed SIRT2 e[preVVion in m\elinaWed

a[onV XVing knockoXW mice Zhich do noW

haYe OLV WhaW e[preVV SIRT2. AlWhoXgh

WheVe mice haYe a Vimilar nXmber of

miWochondria in Wheir a[onV aV compared Wo

ZildW\pe mice, Wheir miWochondrial fXncWion

iV compromiVed. MiWochondrial membrane

poWenWial ± Zhich iV correlaWed ZiWh Whe

healWh and ATP prodXcWion of an a[on ± ZaV

meaVXred XVing a d\e Zhich ZaV inVerWed

inWo Whe Vpinal cord. ReVearcherV inWrodXced

e[oVomeV from Zild W\pe mice inWo Whe

Vpinal cordV of Whe knockoXW mice. UVing Whe

d\e WhaW VhoZV miWochondrial healWh, Whe\
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obVerYed WhaW Whe injecWed SIRT2 e[oVomeV

in knockoXW mice increaVed miWochondrial

ATP prodXcWion. ThiV increaVe ZaV noW Veen

ZiWh a VeparaWe groXp of conWrol mice.1

CRQcOXVLRQ

OLV haYe been foXnd Wo increaVe a[onal

ATP prodXcWion b\ VecreWing SIRT2 Yia

e[oVomeV. In a[onV, SIRT2 deaceW\laWeV

cerWain miWochondrial proWeinV Zhich caXVe

ATP prodXcWion Wo increaVe. FXrWher reVearch

iV VWill reqXired Wo diVcoYer ZheWher Whe

SIRT2 proWein inWeracWV ZiWh Whe

miWochondria Yia a Vignal caVcade or b\

enWering Whe cell. FXrWhermore, SIRT1 haV

been implicaWed in changing hiVWone

aceW\laWion.10 AddiWional reVearch coXld be

condXcWed Wo deWermine if SIRT2 enWerV Whe

nXcleXV and changeV hiVWone aceW\laWion

aV-Zell.7 AddiWional e[perimenWaWion ZiWh

SIRT2 e[preVVion beWZeen ZhiWe and gra\

maWWer oligodendroc\WeV Zill be helpfXl Wo

XnderVWand Whe applicaWionV of WhiV

knoZledge. ClariW\ ZiWh regardV Wo hoZ

a[onal energ\ iV generaWed and increaVed

Zill be helpfXl in deYeloping meWhodV Wo

combaW neXrodegeneraWiYe diVeaVeV.
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Opinion

Does it matter Zhere \oX take Ps\chedelics?
B\: Chloe Schreiber

IQWURdXcWiRQ

Ps\chedelics, a categor\ of substances

defined b\ their hallucinogenic, perception

altering properties, have recentl\ been

gaining recognition in mainstream medicine

for their benefits in treating ps\chiatric

conditions such as addiction,1

Post-Traumatic Stress Disorder (PTSD),2

Obsessive-Compulsive Disorder (OCD),3

depression,4 and an[iet\.5 Despite these

substances having onl\ recentl\ been

recogni]ed for their abilit\ to treat these

conditions, ps\chedelics have been around

for much longer and are used in a m\riad of

different practices and applications around

the Zorld.

While some naturall\ derived ps\chedelics

like a\ahuasca and psiloc\bin, Zhich are

commonl\ knoZn as magic mushrooms,

have been around for centuries and used for

spiritual ceremonies in Eastern and

indigenous cultures. Others like L\sergic

acid dieth\lamide (LSD) and

3,4-Meth\lenedio[\methamphetamine

(MDMA), commonl\ knoZn as ecstas\,

Zere developed b\ Western scientists Dr.

Ale[ander Shulgin and Dr. Abert Hofmann

in the earl\ 20th centur\. During the 1960¶s,

ps\chedelics became Zidel\ used in Zestern

culture as recreational drugs knoZn for their

³trip´ inducing qualities and Zere associated

Zith the hippie counterculture movement.

This increased use of ps\chedelics led man\

countries, as Zell as the United Nations, to

label ps\chedelics as Schedule 1 controlled

substances Zhich prevented these drugs

from potentiall\ being utili]ed for medical

purposes.

For decades, the interest in or usage of

ps\chedelics Zas considered taboo due to

their illegal status, leading those in search of

a remed\ for their ps\chiatric conditions to

seek out these substances in other countries

in illegal Za\s.

The PV\chedeOic ReQaiVVaQce

HoZever, in recent \ears there has been a

ps\chedelic renaissance, and although still

illegal and labeled as Schedule 1 drugs,

these drugs are noZ being provided in a

variet\ of Za\s and vieZed as more than

just a Za\ to ³get high.´ From a clinical

68 _ YU Journal of Medicine and Dentistr\ SSUiQg 2022 � VROXPe 1 � IVVXe 1

Op



perspective, ps\chedelics are being

evaluated for their therapeutic and medicinal

qualities b\ doctors and therapists, and

currentl\ encouraged b\ the FDA,6 possibl\

foreshadoZing the legali]ation of these

substances for medical usage.

One Za\ in Zhich ps\chedelic medicines

are provided is through ³Zellness´ centers

and retreats, advertised as immersive

ps\chedelic e[periences leading to groZth

and Zell-being. There are also providers

knoZn as ³sitters´ or ³guides´ Zho serve as

impartial ³supervisors,´ ensuring a user¶s

safet\ or offering necessar\ guidance during

an e[perience. The Eastern and indigenous

a\ahuasca and psiloc\bin e[periences still

e[ist toda\, led b\ spiritual leaders or

shamans Zho provide an ancient spiritual

ps\chedelic e[perience.7

SafeW\, Efficac\, aQd

EWhicaO

CRQVideUaWiRQV

With the increase in

popularit\ of

ps\chedelic medicines, their safet\ and

efficac\ must be established, as Zell as the

outcome of the e[perience. Based on a

revieZ of ps\chedelic literature, it became

evident that Zhile there have been studies

conducted Zhich anal\]e the safet\ and

effectiveness of ps\chedelics in treating

certain ps\chiatric conditions, there is also a

lack of research comparing the different

conte[ts in Zhich ps\chedelics are taken. In

addition to the safet\ and efficac\

considerations, there are ethical issues in

some of these settings that can potentiall\

compromise the ver\ vulnerable and

impressionable person Zho is under the

influence of ps\chedelics.

Timoth\ Lear\, a Harvard professor,

conducted research on ps\chedelics at

Harvard in the 1960¶s and developed the Set

and Setting h\pothesis Zhich states that the

primar\ determinants of a ps\chedelic

e[perience are the internal set- intention,

e[pectation, motivation- and the e[ternal

setting or conte[t, including the presence of

a guide or therapist.8 Set and Setting is a

primar\ and crucial

aspect of ps\chedelic

treatment. It is

therefore imperative

that Ze be

conscientious and sensitive to our choice of

ps\chedelic conte[t, specificall\ Zhere one

ingests ps\chedelics, and evaluate these

different environments.
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ShaPaQiVWic CeUePRQieV

When organi]ing ps\chedelic e[periences,

the shamanistic and religious rituals appear

to be the most ethicall\ challenged Zhen

compared to the more traditional research

conte[ts. Shamanistic ceremonies t\picall\

contain a group of around 10 people, take

place for a feZ consecutive nights, and are

led b\ a shaman or religious leader Zho has

had e[tensive training in their tradition.

During the ceremon\, there ma\ be

chanting, rh\thmic dancing and music, a

pra\er service or silence. The ceremonies

also take place in dim light in order to

induce visions. Depending on the medicine

used- t\picall\ a\ahuasca or psiloc\bin-

there is also a purging component, as the

medicine causes some users to become sick

and vomit. Before and/or after the

ceremon\, there is usuall\ a preparation

and/or revieZ to clarif\ and frame the users¶

e[perience. The specifics of hoZ the

e[perience is presented is dependent on the

tradition of the group leader or shaman, but

generall\ it is framed as accessing

metaph\sical realms or Zorlds via spiritual

beings and interacting Zith µgood´ and

³bad´ spirits. Also, the purging in these

ceremonies is framed as the removal of

spiritual to[ins from the bod\. This purging,

in conjunction Zith interactions Zith spirits

and the feeling of being separated from

one¶s ph\sical bod\ in another realm, is part

of the process of leaving the user Zith a

healthier and stronger bod\.9 Some of these

religious retreats also contain da\time

activities like tai-chi and \oga or fasting,

and as their popularit\ has groZn in recent

\ears, more Zesterni]ed, tourist-attracting

versions have been created.

The religious nature of these ceremonies

ma\ be vieZed as unethical b\ some, since

it seems that the shaman is pushing religious

beliefs on the ceremon\ participants Zhile

the\ are in a vulnerable and impressionable

state. HoZever, this spiritual Za\ of

framing the e[perience ma\ have a positive

effect, arguabl\ replacing ps\chotherap\ and

ps\chopharmacolog\, and helping

participants to Zork through and interpret

Zhat ma\ be confusing e[periences. The

ancient traditions of these ceremonies also

place emphasis on the significance of set

and setting. Their rh\thmic beats, Zhich

help participants minimi]e the chance of

getting stuck in an unZanted e[perience,

and the presence of a trained leader are both

intended to ensure a meaningful and

productive e[perience. While a stud\ e[ists

Zhich anal\]es man\ individual aspects of

a\ahuasca ceremonies and the e[periences
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and outcomes of participants,10 further

research should be conducted to determine if

there are an\ short- or long-term

consequences of these religious ceremonies

attributed specificall\ to religious

indoctrination.

RiVNV Rf PV\chedeOic UVage

Additional concern ma\

also be due to the lack

of a health screen

before and after these

ceremonies, ensuring

that all participants

Zere not at risk for

complications during the ceremon\ or had

chances of adverse reactions. While some

ps\chedelics have been shoZn to be among

the safest recreational drugs,11 the\ do, like

all things, have some contraindications and

risks. Ps\chological risks include a bad

e[perience Zith the potential for developing

paranoia, fear, panic, or d\sphoria.

Distressing effects in modalities such as

sensor\, somatic, metaph\sical, or

personal/ps\chological, can result in the user

having disturbing illusions, troubling

thoughts, or h\per aZareness of

ph\siological processes. These effects,

although e[tremel\ rare, ma\ lead to

dangerous behavior as a result of intensified

emotional e[perience. Although the

accurac\ of the relationship is still unclear,

those Zho ma\ be suffering Zith premorbid

mental illness ma\ be at increased risk for

prolonged ps\chosis and ps\chological

difficulties post ps\chedelic session.

Additionall\, lasting perceptual

abnormalities such as Hallucinogen

Persisting Perception

Disorder (HPPD) or

flashbacks to ³trip-like´

sensations ma\ occur,

although incidence is

e[tremel\ rare. It has

also been shoZn that

incidence of these conditions appears to be

much loZer in conte[ts Zith careful

screening and preparation.12 In terms of

ph\siological risks, man\ ps\chedelics can

raise blood pressure and heart rate, therefore

those Zith h\pertension should consult Zith

a doctor before using these medicines.13

SiWWeUV

Seemingl\ on the other end of the spectrum

of ethical ps\chedelic providers are ³sitters''

or ³guides.´ A part of the underground

ps\chedelic movement, a sitter is an\one

Zho is present for another¶s ps\chedelic

e[perience and serves as an impartial

resource for them, ensuring the users safet\
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and helping them through their e[perience

Zhen necessar\. In other Zords, the\ serve

to maintain a set and setting Zhich is

conducive to the user having, ideall\, an

uninterrupted and uninfluenced e[perience.

A guide can be an e[perienced ps\chedelics

user, a licensed therapist, or someone Zho

has never taken these medicines at all.

There are man\ individuals and groups

Zhich offer their oZn certifications or

proposed instructions to folloZ, hoZever

there is no official certification or training

that is technicall\ necessar\ to be a sitter,

and no official manual to reference. Using a

guide for one¶s ps\chedelic e[perience ma\

be vieZed as the most unadulterated and

ethicall\ sound route, as the one-on-one

e[perience and absence of third-part\

interpretations alloZ the user to have a

completel\ uninfluenced e[perience.

HoZever, the lack of training of the guide,

lack of health screen or folloZ up, and lack

of supplemental therapies or activities must

be considered.

Additionall\, due to the informal nature of

sitters and their use in the underground

scene, there is an absence of an\ data and

research for the method.

FDA TUiaOV

In terms of available data and detailed

protocols, the FDA¶s clinical trials on

ps\chedelics are arguabl\ the safest

providers of ps\chedelics. Due to the

ps\chedelic renaissance in recent \ears, the

FDA has been performing clinical trials on

the safet\ and efficac\ of various

ps\chedelics to treat different conditions.

The e[act nature of one¶s ps\chedelic

e[perience in a trial, i.e., the drug being

used, the number of sessions, dosage,

supplemental activities, accompan\ing

ps\chotherap\, etc. Zill differ trial to trial,

but common factors include the multiple,

spread-out sessions taking place over a feZ

Zeeks, taking place in quiet, neutral settings,

Zith trained staff and medical personnel

available if necessar\. Short term folloZ

ups Zith participants Zere performed at

various points after the session(s) to assess

the efficac\ of the drug. Health screens are

also performed before each trial, hoZever

not all trials tested for the same criteria.

While most have the e[clusion criteria of

certain ps\chological conditions like

schi]ophrenia or bipolar disorder, not all

trials perform e[tensive medical testing to

screen for conditions such as h\pertension

that are possible contraindications for taking

certain ps\chedelics. Additionall\, not all
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trials perform long-term folloZ ups or

post-session health screens to detect an\

adverse events. That there are trained

personnel present measuring outcome data

in real time is something that does not take

place in the informal settings described

above.

WeOOQeVV CeQWeUV

Additional ps\chedelic providers Zhich

have become popular are Zellness retreats.

Located around the United States and across

the Zorld, these retreats are marketed

toZards both first-time as Zell as

e[perienced ps\chedelic users. SomeZhat

of a culmination of the previousl\

mentioned ps\chedelic providers, the\ have

the greatest diversit\ in offerings- group or

solo sessions, pre- and post- session

ps\chotherap\ and integration, and

supplementar\ activities like \oga and

massages, alloZing for the user to tailor the

e[perience to his or her needs. HoZever,

depending on the nature of a specific retreat,

the ethical and safet\ concerns of the

previousl\ mentioned distributors ma\ appl\

as to it Zell. The staff of these retreats

usuall\ have some third-part\ certifications

in and/or e[perience Zith ps\chedelics, but

as stated previousl\, there is no agreed-upon

standard for Zhat it means to be qualified in

this field. Interestingl\, these retreats

commonl\ have medical staff such as

ps\chiatrists and nurses that are ver\

involved Zith participants, performing

detailed health screening and therapies

throughout the process to ensure a safe and

productive e[perience.

CRQcOXViRQ

As more of these ps\chedelic providers are

emerging, and in research settings, the safet\

and efficac\ of these medicines have been

proven time and time again, it is imperative

that the conte[ts of these ps\chedelic

providers are studied to ensure ethical, safe,

and efficacious deliver\ of ps\chedelic

medicines to those in search of a treatment

for conditions like PTSD, depression,

an[iet\, for an introspective e[perience, or

even for those just curious about

ps\chedelics. Factors like set and setting,

pre- and post- session health screening,

training of the provider (the shaman, the

sitter or the guide), supplemental therapies,

religious agendas, and session folloZ ups

are onl\ some of man\ factors Zhich must

be revieZed.

AcNQRZOedgePeQWV

I am grateful to be participating as a member

of a private research group14 that is currentl\
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looking to e[plore the differences betZeen

the methodologies of ps\chedelic providers

and la\ing the groundZork for more

research to be done. This research

represents but one step toZards the possible

legali]ation of ps\chedelics and provision of

help to those suffering Zith ps\chiatric

conditions. Current medications have

unfortunatel\ fallen short of treating

ps\chiatric conditions and ps\chedelics

represent a potential neZ paradigm for

ps\chopharmacolog\ in the ver\ near future.
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YHVKLYa UQLYHUVLW\ JRXUQaO RI MHGLcLQH aQG DHQWLVWU\

LHWWHU

RHG HaLU IQ GHQHWLcV
B\: EWa GROGVWHLQ

InWrodXcWion

Appearance is the most crXcial part of

making first impressions. With Yision being

oXr most robXst sense, Zhat Ze see

immediatel\ driYes Xs to draZ conclXsions.

Hair color is one of these featXres, the most

XniqXe of them being red. Terms like ³Fier\

redhead´ and comments like ³Oh, he/she has

a red-headed personalit\.´ are common.

People Zith natXral red hair haYe been

sXbjected to these stereot\pical remarks for

\ears. Another e[ample is that people Zith

blonde hair are often associated Zith the

term ³dXmb blonde.´ Different aspects of

one¶s personalit\ can be associated Zith his

or her hair color, bXt do these terms haYe

an\ aspects of trXth to them? Is there an\

scientific backing to sXggest that there is a

real correlation betZeen hair color and the

stereot\pe? Geneticall\, hoZ can haYing red

hair actXall\ affect one¶s health and oYerall

personalit\?

Redheads in HisWor\

A feZ times throXghoXt the histor\ of the

Bible, it implies that a person had red hair.

EsaX, for e[ample, is described as ³red,

coYered Zith hair like a fXr coat.´1 ThroXgh

his actions, he is seen as a rather impXlsiYe

character, compromising his statXs as the

oldest son in a moment of hXnger. The

second person in the Bible, and argXabl\ one

of the greatest JeZish monarchs, DaYid, Zas

thoXght to be a redhead as Zell.2 He Xsed his

passion and his fire to kill in the name of

God and to be a leader to his people. Other

famoXs leaders throXghoXt histor\ inclXde

Ale[ander The Great, QXeen Eli]abeth I,

Winston ChXrchill, and George

Washington.3 All of these figXreheads Zere

able to Xse their fierce characteristics,

stemming from their hair color, to gXide

their people. Wh\ does red hair correlate

Zith leadership? What biologicall\ coXld

caXse this correlation?

To fXrther inYestigate these ideas, one ma\

Zonder Zh\ redheads are eYen prone to

impXlsiYit\? What giYes them the qXalities

to lead based on their hair color? The basis

for this stereot\pe comes from a chemical

e[change in the hXman bod\. Red-headed

people prodXce more adrenaline than

non-redheads Zhile also haYing the abilit\ to
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more readil\ and qXickl\ access this

adrenaline, leading to an intensified

fight-or-flight reaction.

GeneWics of Red Hair

HoZ does someone obtain the XniqXe

characteristic of red hair? Red hair is an

aXtosomal recessiYe trait. ThXs, this gene

mXst be in both parents¶ chromosomes for a

child to e[press red hair. There are YarioXs

caXses for the different effects associated

Zith haYing red hair,

Zhich all stem from a

genetic mXtation in the

MC1R gene, Zhich

encodes for the

melanocortin-1 receptor. This gene is

pleiotropic, and can be e[pressed in mXltiple

phenot\pic traits. Biochemicall\, the

deYelopment of red hair is caXsed b\ the

s\nthesis of more pheomelanin pigment, the

t\pical primar\ pigmentation responsible for

the black-broZn hair color gradient, than

eXmelanin pigment. The larger amoXnt of

pheomelanin, instead of eXmelanin, is

responsible for the red hair color.4 This,

coXpled Zith e[cessiYe prenatal e[posXre to

estrogen, facilitates the e[pression of red

hair dXring fetal deYelopment. Additionall\,

red hair is h\pothesi]ed to be an

eYolXtionar\ adaptation for sXfficient

photos\nthesis of proYitamin D in

conditions of loZ intensit\ of UV-B

radiation, Zhich is common throXghoXt

EXrope. Statistics proYe that one to tZo

percent of the EXropean popXlation has red

hair. Researchers discoYered red hair to be

the most preYalent color to haYe emerged

throXgh eYolXtion. Therefore, correctiYe

eYolXtion did not haYe sXfficient time to

haYe taken place, Zhich ZoXld haYe

otherZise neXtrali]ed the mXltitXde of

adYerse side-effects

associated Zith the

e[isting red hair

alleles.5

CaXses for Red Hair

Red hair can be a resXlt of climate

adaptation. MXtations in the gene MC1R

also regXlate melanogenesis Zhich is

responsible for loZ melanin leYels.

EXmelanin is a \elloZ-red pigmentation

responsible for red hair, Zhich replaces the

black color from pheomelanin in skin, hair,

and the iris. Pale skin also resXlts from

congenitall\ loZ eXmelanin in the skin,

Zhich e[plains the often combination of fair

skin and red hair. Pheomelanin cannot

protect the bod\ from UV radiation and thXs

promotes mXtagenic and cancerogenic

inflXences. Man\ genes inYolYed in skin
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pigmentation also affect the Yitamin D

25(OH)D3 concentration in the hXman bod\.

In a stXd\ Zith controlled sXn e[posXre,

Yitamin D 25(OH)D3 had a mXch greater

effect on the 73 redheads than on the 130

sXbjects Zho had YarioXs other hair colors.

SXn e[posXre Zas foXnd to haYe a minimal

effect on 25(OH)D3 concentrations in

redheads \et had a positiYe effect on the

leYels of 25(OH)D3 of non-red-heads. The

decrease in the eXmelanin-pheomelanin ratio

in red-headed people apparentl\ Zas an

adaptation s\nthesis of sXfficient amoXnts of

Yitamin D in regions Zith loZ UVB

radiation becaXse redheads Zere foXnd to

haYe a greater 25(OH)D3 concentration.

Man\ redheads, often born Zith fair skin,

aYoid sXn e[posXre. As a resXlt, the\

maintain their fair skin b\ preYenting

sXnlight from indXcing the formation of

Yitamin D. The intensit\ of redness is an

adaptation to loZ-intensit\ radiation,

caXsing inadeqXate sXnlight-indXced

photos\nthesis of Yitamin D in the skin.

Redheads obtained the abilit\ to s\nthesi]e

sXfficient 25(OH)D3 eYen Zith their

minimal leYels of sXn e[posXre.6

Ph\siological ImpacWs of Red Hair

NoZ that the reason for red hair is

Xnderstood, the different effects of the

character trait on different genders can be

inYestigated. Research proYes that men Zith

red hair are prone to deYelop colorectal

cancer scientificall\. Regarding performance

in health stXdies, men Zith red hair did

better in three categories and Zorse in three

categories compared Zith those men Zho

haYe black, broZn, or blonde hair colors.5

Parkinson¶s, decreased platelet fXnction, and

defects in the immXne s\stem Zere all foXnd

to be associated Zith both genders. Man\

interesting elements correspond specificall\

to red-headed female Zomen. These Zomen

are foXnd to haYe higher leYels of pain

sensitiYit\ and are prone to endometriosis.

In comparing red-headed females and

females Zith other colored hair, red-headed

Zomen did better in three specific categories

and Zorse in ten other categories Zhen

eqXated to one another. Other negatiYe

associations for female redheads inclXde

colorectal cancer, cerYical cancer, Xterine

cancer, and oYarian cancers. This can be

e[plained b\ the e[cess transference of

estrogen from the mother to the bab\ dXring

fetal deYelopment.5 Estrogen is knoZn to

inflXence the deYelopment of these fetal

reprodXctiYe organs. SXbseqXentl\, fertilit\

problems Zere foXnd to be at greater

incidence in those Zith red hair, coinciding

Zith the higher incidence of endometriosis
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that Zas reported. Red hair, as preYioXsl\

discXssed, is associated Zith haYing fair

skin, caXsing a higher YXlnerabilit\ to UV

radiation, leading to sXnbXrns, and

Xltimatel\ potentiall\ skin cancer. Despite

this, more reprodXctiYe lesions and cancers

Zere reported than sXn cancer cases despite

this. Interestingl\

enoXgh, along Zith

being more prominent

in red-headed Zomen,

people Zith richer red

hair color Zere foXnd to report greater

incidence. FXrthermore, those Zith richer

red hair reported a higher rate of seYere

disorders, inclXding mXscXloskeletal

disorders, heart and YascXlar problems,

cancer, fertilit\ issXes, metabolic illnesses,

se[Xal d\sfXnction, genitoXrinar\ disorders,

osteoporosis, obstetric complications, and

neXrological problems.5 These conclXsions

resXlted from stXdies performed Xsing man\

red-headed Zomen Zith different shades of

hair color. Red hair Zas foXnd to be more

freqXent in Zomen than men. AlthoXgh

man\ problems are clearl\ associated Zith

red hair, Zhich resXlts in selection against

redheads, there is a coXnterbalance of

positiYe se[Xal selections in faYor of

redhead Zomen, maintaining red hair

freqXenc\ at a loZ bXt stable balance. This

ma\ proYide reasoning for the conclXsion

that red-headed people, regardless of gender,

are foXnd to haYe more children.

Not sXbjected to redheads, pain is not

something that most people like to endXre.

HoZeYer, redheads specificall\ haYe greater

an[iet\ leYels in regards

to pain, especiall\

dental pain.7 MC1R, the

gene for red hair, is also

the gene that regXlates

pain pathZa\s. The melanocartinergic

pathZa\ is also inYolYed in an[iet\-like

behaYiors, and the MC4R gene, Zhich is

inYolYed in prodXcing both red hair and fair

skin, is implicated in an[iet\.8 Anesthesia is

redXced in people Zith the MC1R Yariant.

This resistance to sXbcXtaneoXs local

anesthesia leads to an increase in an[iet\,

leading to aYoidance of dental care. This

an[iet\ also leads to a greater perception of

pain, caXsing the necessit\ for larger

amoXnts of anesthesia. This can be

e[plained b\ the emotional amplification of

the somatic e[perience.8 Interestingl\,

Zomen Zere also foXnd to be more sensitiYe

to cold pain perception, cold pain tolerance,

and heat pain. Those Zith darker shades or

more Yariants correlated Zith greater leYels

of dental an[iet\.8 Additionall\, patients
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Zith red hair reported significantl\ greater

pain in regards to needle insertion.7

Medicall\, there is no block on the inferior

alYeolar nerYe, Zhich is the injection for

anesthesia, thoXght to be the caXse for the

greater necessit\, bXt rather it is the

emotional amplification dXe to the increase

in an[iet\ coXpled Zith e[treme pain

perception Zhich caXses the greater need for

anesthesia in red-headed peoples.

ConclXsion

After discXssion of the mXltitXde of

associations of traits linked to the red hair

gene, the positiYe and negatiYe oXtcomes

can be eYalXated. Red-headed people do not

choose their hair color, bXt it is oYerall a

desirable trait becaXse it is YisXall\

appealing. The choice of hoZ to Xse the

inborn qXalities giYen to red-headed people

can be obserYed throXghoXt the red-headed

characters in the Bible. One can Xse the

impXlsiYe natXre and passion to be a positiYe

leader of people, gXiding them toZards

groZth. The bloodthirst can be prodXctiYe

b\ obtaining a job sXch as a sXrgeon, Zhere

cXtting is Xltimatel\ to heal and proYide life

instead of death. Red hair is an interesting

phenomenon that has mXch-Xne[pected

research accompan\ing it.

AlthoXgh hair color is not a choice, and

some aspects Zhich are correlated are not in

one¶s control, there are elements of being a

redhead that one can Xse to benefit oneself

and help others Xltimatel\. Characteristics

associated Zith being red-headed are not set

in stone. ThroXgh deYeloping one¶s

personalit\ and traits, these characteristics

can be Zorked on to onl\ be Xsed in

effectiYe Za\s. With the right amoXnt of

self-discoYer\ and Zork, anger can tXrn into

passion.
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