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XSk

FEESHRMNHBFFEINES SARS-CoV-2 BERS[EM COVID-19 AMITIAT 2019 EMESE, EFHRBI AL, 23K COVID-19 B A
HEREHTA, ECASIBRLIEA, AAREGBRNMHREFTERTHMARENEL, M ZBRMEEREEFEN 2020 &£, HAT
BETEARRT IR AT HAN S A St B A,

SARS-CoV-2 BRI REKFEEFSREMNFIZIEER (spike glycoprotein, S ¥EEH) SAGMM (£ TIERE EEABRKREER
) REMNMERKREIRE 2 (ACE2) HEAMNSM. 2003 F3IRTEIMFREEIE (SARS) HERFEH SARS-Cov BRBZEFER
[EHF BINUBISRIBEN AR,

ACE2 & 20 ZEFIRMMN—MIME SKFFINE, ERRTERANME RKRZIMREE ACE, KA, BR-MERKRRARE
AFMERATREFEEEXREENIEA, M ACE2 MR BR-MEXKERFNAIRTH. ACE2 RESENFE M ERIZET R E KFLTTN
BEMFIRSEY? EIEMN 20 ZEHSIRTHRFERNOXT, —EMRERKRA, ACE2 HrRIRFARELOMERS AT LIRS
7, WMEXNEEEEREAREE TET R OMEFFRIRIITUNMES.

COVID-19 KRITIUR, EERE. BEEREURFECEERTIRETERR I, BHBENLMERS. FHEMSHES S
SBHBERTHESMSA, BR3IRT AT ACE2 #EAT OMEREREISHAIGE, B24Ms, £TER-NEXKIARFEN
SEERMISESRRYE, BRNAREREF—LEX, BRZ -2, FEEEHEEFE, ACE2 FALMERIZET R XERTNE
U THE FIRKEBRAES, HHENBRUKIIEIRRT .

Lt COVID-19 2HARITZE, FRASBFHIEFHMEAFERENSR (MERKREIRE 2. SARS-Cov-2 MRAMEER-M
ERKRRFENETH K ACE2 R 20 BF) , BHENFTARLERL 1 ## ACE2 BFI#EE,

RE
FREETREF ST RAERRFR

2020 F 8 B 12 H

MERKEZIE 2: SARS-CoV-2 WZEMEHR-MERKERFANFETF
K1 ACE2 2T 20 BE

B=

ACE2 (MERKEREIRE 2) BSNE=NINREESMERER: BR-OEEKRZANRETH;, SEREENRES;
EEAMRSESE-TIRFES (SARS-CoV) 1 SARS-CoV-2 BIZ{K, ACE2 [TZRETEEM. LOBERA. BiE. S &
R RAMBERAREARIBEEMAL, RiL ACE2 HHIANZSH 2019 FERFHHAEFEAE—SARS-CoV-2 HRMK, 7
®BEH. RIE. ACE2. DIBEFRRZIERMTEENXE, RES SARS-CovV BEETYIMNHHNXR, B SARS-CoV-2 MIZRLE
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BEMBENN X REERAE FERTE, NMEES5A ACE2 ZAMESEMNAER, XATREMRE SARS-CovV-2 BEEAK
FHNERE, 5 SARS-CoV-2 &5fa, HTREERAUNEBKETIEIMMIEE, S8 ACE2 ThEERI#KR, ACE2 RGN T
BIEOIEEAEMEEANEE R OAFREH MO RN OHNES, MR EHENERGEDBEEEENRIPIER. ACE2 31
EEFARMMEESEEER SR abmshbka EFERFEE O MEH LENEENG, FH ACE2. ACE2 WERIEIE. Angl-7
LI Mas SEHEIFIRIIESR ACE2 BIEA, HAERSEER-MERKRAFEUEXERNETTT A BEmIRKiRERH
thACE2 (BHA ACE2) , SBIEMHFEEIIGINT MR ME FHKE 1 MMERKE 1-7 BKF. HITHERBLETIEE 20 FH
HE, BERNAT ACE2 fERFE SARS-CoV-2 MZAMBR-NEZKRRAAMFDHINERIER, RENTRHESHK 2019 X

TATAIAER O I E R BIR M.

JESXH4L: Circulation Research. 2020;126:1457-1475. DOL: 10.1161/CIRCRESAHA.120.317015

& . Gheblawi M, etal.

X@iE: LMER; BIRAES; EFTR; OIRIE; BRE-NERKERSR

BMEI ACE2 (B RHKEFEIMEE 2) LUK, FEM 20
FEARMRATESXT ACE2 WESREYFMERFHIR, A
BAH—SMANBR-NEEKRRS (RAS) WIERRIEME
TEEMA, ACE2 BBESMER, SIENSMEYIENY
FEME; (EATESMMIRESTIE (SARS) BRES (SARS-
CoV) MINREMSE; 1FASEREEEHDY, ACE2 MER
FEREIR Ang (MEEKK) 150 Ang 11 A Angl-9
M Angl-714, TE AKBERBREEE P, RATIAETRKLMINEE
RISNFEREHME T ACE2 TOHNRIE (HF) « RESME
MEESME (PH) « OAAESE (MI) FERFEECMEH
RIEFHXBERY, EMERMIHERRRBORIERRB
i, ACE2 HMIZREHIEERTRNMEREENTENEEN
#llo IRFRAMELIMFTEZRF ACE2 FELMERRE (CVD) FH
EERFNREEESIER, FHREMME ACE2 AI8ES st
SIMER CVD MRIFER, REERBIGARIER!214,

&ift, ACE2 1579 2019 FaRmFEHER (COVID-19)
RFATHIBFRRS SARS-CoV-2 WAMSBASIET 2%
A, ZBTF 2019 EXRMPEEERGSC, 2UERMIRGEP
ACE2 BERRMMRIFER, XKRIA, RETCEHTRSTELER
EH N, B0 LUEEMIRI ACE2/Angl-7 HLURE
SARS ESHAERINMG, XWART AT TMNEETER
78], JERRERERAISEIOIEE R, REREERN ACE2 BiE
T RESRA M ER B EERA L PH. IR/ DARLT LK. ThRk
BN EALER, XRHTFEEMBNERERS
EEh ACE2 #iB9R7-FhrHRIERME 2, @ 11 #iiE
FRIZIARER, A ACE2 AR ESMRAE, HE RAS
BRI Ang 11 ZRBE] Angl-7007), SIKIESEHBETIRY
ACE2/Ang1-7 3#3R3%H] SARS-CoV-2 HIRRZ:, [EFTA COVID-
19 BENMHREMNOMERBRUEANRIFIER, EXE

2 E XEkSiE | Article Reading Guidance

SR, KITRET ACE2 WEMER, ESNBTEMER
SARS-CoV-2 Z{&H] RAS HIHIATH, LUKSt COVID-19 K
TATEVEM, EIRZERS CVD #1 COVID-19 #8%M ACE2 &R
BOECAE b, BATRIRMT — N ENEUETRISHINESS,

HilEYE
ACE2 IR TR

4% Tigerstedt A1 Bergman F 1898 EERAMEBESG,
RAS BIER— M HE. MASHARNEREME (B 1)
2315162327 1 % & BIKES R RTE/ N\ B X B ER K&

(BINAMERKES [neprilysin, NEP] Hi&) . FRIFHNE,
FHEZ R, MARLZMMETENEFREE ACE (MBEKE
®IRES) MIAKREY. JLFREE, £ 2000 £, 2 MhITIE
T ACE ER¥MIMNAAIBREEE ACE HERIAFE, HHERN
ACEH2 3 ACE2Pl, MAMESE cDNA XE5[ET ACEH2,
MA HF 0ZE cDNA XFERET ACE2, f5&581E T ACE2 £
DMEFRBFRAERABER. &AM ACE2 BERERATTO
. BEAIEN, BRENARKEESRERZ, 8iEL
MEIRE. B BAF0AT (B 2A) o ACE Ml ACE2 BFFIRTELSR



ZUIRBE, ACE2 5 ACE —HEXENEBEZA (L2
f5) , HEBRESTE C Fif (18UREH) - ACE M ACE2
BERZ REFESTN#HYXR, BIXHHRESEEHMNNE
WiEEE, BLUEMINARSSE RAS,

BB EBNEEURKIEAEERNER, FRIXMAM
Be e M PRI R KU AR, £ 20 4, FEEEMR
KATENZEEEXR. D37E RAS FHREER. 28
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SEFREFER: MLDEETERASE (EENTNEE
Ang 1 E4E apelin) RIS R SR AN \HRERIHE UK
FRINEEMIBTEMEEE RS (1 Ap43 B{b7D AB42, ACE BY—
FHEH) 142, XTF ACE2 £MFME—IEINET 2003 F£E
WETE N LEF AT SARS-CoV HIMREZA, ZHRSH
B 8000 15l SARS FHHIFNE 800 FIFELY, HAEHEERIE
HFEESLIRFZERE SARS-CoV-2 BIRFR,

B 1. RIMEHE-NERKERS (RAS) TEMIIHLEM, 615 ACE2 (MERIKFLIRES 2)

BESERSRIWFTEAESLGERIMB RAS B9E— MRS (Tigerstedt 1 Bergman, 1898 &) , AFAMEBHMNIKESSHEME HIN) , M
M T SMERMME KRN LN (ERIFAMERZHKE; Goldblat FA ¥7; Page Ml Helmer™) , Ang (MEREKE) PEEHLANL, HOBEHMMR
X: Ang 1 #] Ang I, HIt, FONTHMEENTFE (ACE) , FEEXTEHTTHEAMKRIE (Skeges F) . HEEERT RAS WRIFTHH, HFMMRIIH
Bz E (Donoghue %5 3; Tipnis A 2) BEHLMT ACE2, HHET Angl-7Mas 2% (Santos ZF ') , ACE2 BIOBHFIFEREAAGHAI
(Crackower % ¥) . FAREEWE ACE2 ERMEMNETESETRSAILERAES (SARS-CoV; Li F %) HRA, &b, WIHHMEN SARS-

CoV-2 Z{K (Walls % 15; YanZF '6) ,

ACE2 ERSEREMHE

5F A% 17 SEEAK LN ACE EETME, 40 kb AY
ACE2 ERAMIF Xp22 &4k L, 88 18 MIMETF, HPKS
5 ACE ERFMINEFHEM. A48 ACE EB R NEMEAL
=, T ACE2 (NEH B MEVEMR. ACE 1 ACE2 EH
HEERBER, BEASTRANEYRRYE, RETENE
RAS HHFERAFMAEEIEER. ACE A LAMEURIEY)
(RREZRAES) L3R C RIBZRATRE, M ACE2 NZE—H
BB AIRRAES, AENSIKAR Ang [ FERR Angl-9, 7KfR Ang 1L 72
B% Angl-7 (B 2B) . BT ACE2 FEERMREHAL, Mmali#
—SRHRHRMS ACE XHFFR, EBTEITHEM ACE M5

©2020 IMPROVE MEDICAL All Rights Reserved

HWARBRR®, ACE2 By C RIGKLEMINS ACE BB ME,
BBERH collectrin HWEVEY), TRATSERKEZERHAN
REMBEE, WF ACE2 ZMIMSHNERINGE, ERHT
ACE2 RIEMZMEIRFINGE, BISHEAHK SARS-CoV-2 FiHF
AZR, MNISHT COVID-19 KFRITIS1, EMEHRER
T SARS-CoV, LUIKREIEZRIMA SARS-CoV-2 5 ACE2 WE
EYEN (B 2B) P, 33F SARS-CovV-2, HEBHRIR
&R (S1) &8 ACE2 B N RimXiH, BM ACE2 ZILLL
R E 20 FRRENE XEMFNEBFHIREITIER
SARS-CoV-2 RRRMEFELXFESBERESATHIREEER
Ho

ik | Article Reading Guidance [4 3
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2. ACE2 (MERKRFIRE 2) EENMTAUR ACE2 TEEMHNREE
Al ACE2 EMERL (WRAMR. BTEMNEERAEMNMETBYIAM) « OfF (OISR EAR. MR, NEAR. FMARMCOIMNRASE
i) MBHE (BNKARAR. BEEMEHE LRMAE) PRIX, ACE2 EATHEM/EE RAS (BBEMEMATARE) . ME (BX LR
. IAFARHOLRR RN Miller RFAAM) . BRP LRAR. PRHEAANREEAERE. EHRE FRTUFELRAR) . e
(1% ERAMFMNERAHBEREIMNRIZEER;
B: ACE2 EAEMAMIMNG N IREMRMEARREN C WEESWN, EARN N IBHOSBETREQRLSES (PD) , M C MEMWIERITA
BAEARENE, MEAMTRSSTERIRAES (SARS-Cov-2) HWRHLESRE (RBD) 5 ACE2 M PD 46, HAFRTF ACE2 U=

RBD-PD E&#7,

ACE2 £ COVID-19 FR{EFR
COVID-19 X747

2020 E£3 B 11 B, R BEANASH SARS-CoV-2 1BK
RLBRERRIT, RE T @ERMUIMNIE N KRR X AR
£ tbia, B 2020 £ 4 BY), BAEALEBI—BA
B, HELECENER 6 FZ AT, A, F 2002 Fif
I SARS-CoV ZHi, BRASEEEMANEEBRASMHEE
MM EIRNAEENRERE, MBRRBREAL, 5]
EREN LIPRERENEERE R, AL, A7 BT
HTHR SARS-CoV-2 ALIREERHRI™E X HMmMABR
BEWAET, HINBTINR ACE2 £ SARS-CoV-2 RFHIE
FRIER. BRTWIRASZR, I SARS-Cov-2 BEMMNE
2SR LEEREREIE, REFEERZEEN, EE
REBRREEEFREOHERGNEER G, OEFRTF. E
MAFINEERE, 1R COVID-19 BEFEOM. 8. . i
E, [, SARS-CoV WSELME. BFE. FHiE. SBEM
HMALIREN S SR,

ACE2 fEJ3 SARS-CoV-2 =&

SARS-CoV-2 5E¥H SARS-CoV MIXFIET 380 P&

4 E XEkSiE | Article Reading Guidance

EBIRR, XEMAZENRSRIR (S) ERHRSHAN
REFRANA ACE2 £EHNZALEESEMTTH 6 TEETE
BrhE 5 MREN, FE S ERACHRRPHREAEEEYE
WEERERZHAR T ATHEEFANEZER. B,
BEMMEEEXT SARS-Cov-2 M NMAMBERES
B, EAELEEF S EHM ACE2 &L T EEKMEE
o SARS-CoV-2 5 ACE2 MZEEFRMIMPAFLL SARS-CoV
Big, Hi/IMaEBREENSEA LRI ERN
AR, XATHERRRE T COVID-19 X4 BRMvF IME LA
SARS EAMREAEI, b, SARS-Cov-2 BEHIEE

FASMEEEAN, QEARFZAKE L. ARZEA B. &
EHEB. X BF. BEEAK. 3MEREST TMPRSS2 (B
R oERR 2) , NARLF S ERHTEEESHEREH
REHNAES, FIBFAEEAM, TMPRSS2 MALRER
5 L/B B8NS SARS-Cov-2 H¥F S &H, HEZEMER
BRI S AR EHEG L/B HIHIFEXSHY camostat FRFAEAEE—
E-64d BEPEET SARS-CoV-2 BNAREH, fB5EF S ERS5EE
ACE2 B ERIREIMEMI > BB B /EFBE(R# SARS-CoV Fll
SARS-CoV-2 #HNAAME, MERE ACE2 MRANTE (B
3) BIS¥, fE 12 & COVID-19 BEMIPATIF, SHEEXTERA
ML, BEERF Ang I KFEEEAS (5RSHELIEAR



x) , RHETHR ACE2 FESHRSZM RAS A @ ZEAS
BB, HEHT SARS-Cov-2 BismHSIERIRG
Bl SBIERAIT RES AR ELIE B PEETRS S ERMNTIAL
&aZ5i9iE (RBD) , MMBALEAZ ACE2 1 SARS-CoV-2 Y

IMPROVE REVIEW EZISEE-1030HH

S8, BT XMREESEWIEART RN, HMrIgerarT
R EIEEERER ACE2 $TAERK. /N FINHIFI. ACE2 #1
{REEHXT ACE2 BB SRR ES,

Systemic Cytokines
IL-1B IL-6

8,0 %

TNF-a

ADAM17

TNF-a  TNFR

DETRIMENTAL

FIBROTIC
tROS
HYPERTROPHIC
VASOCONSTRICTIVE
GUT DYSBIOSIS

ACE2-Mediated
Protection Lost

IMMUNE RESPONSE

Circulation

e

Cytoplasm

PROTECTIVE

ANTI-FIBROTIC
ANTI-OXIDANT
ANTI-HYPERTROPHIC
VASODILATORY

3. ACE2 (MERKRLIMES2) 7E 2019 FRRmEHRAV R IR K AE R K BIEFA

ACE2 N EMLMBERIMEAREERNTA MRS STEEIRES (SARS-Cov-2) FEFHIETEE, MEKKEN (Ang II) KTPHEMELKE |
SR (ATIR) JEMEREIMMAS, L ACE2/Angl-7 REMEFERAN, SBARRY K. BA. F4E (ROS) . mMEWEMFELRE, SARS-
CoV-2 MREBEEALM ADAMIT (—TEEAENESEEQS 17) N SH ACE2 BHKEBHRBKTEAS. FEH Ang 1 KFEGE ATIR thi#—512
BT ADAMI17 BEIE, ADAMIT BRI HF BERYIAFE, BHEDAMY TNF-o (WEIRSERT-o) HNARIIMXIE, AEsXEaEEEaHED
JBTNREE, TNF-o BUEEMEIFSEEFZE (TNFR) ZiEE ADAMIT EMME=1ERF. BT SARS-CoV-2 BEMBMA TNF-o ML SHEEAT,
LURER AN S MESHHE I SRABEF XS, TMPRSS2 RBEEEABLZAH 2.

COVID-19 BENOMEZR

FEXIFEF SARS-CoV Y 20 fFIBEMITHIF A OATAL MR
g, B 7 MOEEATTNERS SARS-Cov ERA, H
FHER OAATAIEIN, RAEFMGAL ACE2 FiATREN, X
LRETAEEL5REXNTERR. kI, SARS-CoV
BEFONZEMBIINMEERR, #—FXHFTOHZR
HIIER, SoRiBAEVERMA. SIEMMIRFENARIE SR
Z COVID-19%47, XIRAIREZ A FAEXLER T RAS RFER
£ TKRIANS, SARS-CoV-2 BRELIMERFFRNENANE
HR2ELIRENAE (BERENSER 1 KEASH/E
LI ECCGBEOMBERE)  OERF. DHEEE. IR
EHME. RSHEARE. BEEONKXF HF (NT-proBNP 7KF

©2020 IMPROVE MEDICAL All Rights Reserved

AE. OIEEIIRMGUIRIETIREIEES) FRMRH k-2, Kb
ENERHNEMRE, SERRMETZEXLENN D-—
BiAFE, FRSEIMEEREMIEETE; EBMaRIES
RIEDRREFKFRRESFA BT COVID-19 BERBHITHE
2B RIEMAL RIET,

HEEFRFRS COVID-19 BEFERFHEN T BEXEE

FEEANBEREREI ZRE, LEERARPERIAN
ACE2, B[{E} SARS-CoV-2 HERREMZRKIM (B
2A) o ACE2 B9IEINS0R/ AT BRI E A REREL IR H
BEBESRIKRE, COVID-19 MEBRETFAHNEHER
BHETE, HEEMNERTAERTFHENITRERR, RS

XESiE | Article Reading Guidance [ 8§
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HIREIRASBIR L —, AIEEETRHRFS RNAPS

. IS, BHIERA CVD &HE (BIEFERFBMIERE)
KEMBHENFENTESE, HERPEERTR. BIE
MeIURE (B 4) . EEERNBEEFRTRNALREME
Rrith 5i@:d A p Rk mE (PH) BURMEHEXEX, HE
5 ACE2 2483 [i#2HY ACE/Ang IVATIR (MERKET 1 BIF
) WA EIE A BIEXR, BE AR R
5, EXWERKIRE, HEMMMBEREE, SEHER
B SARS-CoV-2 RBRRFIRESHFEMRFEMENTE, SHA
B. ASENHRENRE~MN ST, ATaERmEE

COVID-19 RBENRE, HRIRALAKINEEREBHARS IR
TR, 1E 2000 FAYIERIERH SARS WERFEHBRREH
ERTTHESERBELERNEXTN. EEE 70%HE
BEBPRNVEIFS RNA, XERSNEESHERE, H
S5#TIIRRRIZEXS, E5—TRF, EEFHLS
BYTR%A7 £ R ARRERVARRE BRI R IR EFHUE] SARS-CoV
RIS WE COVID-19 BEFETINE] SARS-Cov-2, &
R T EOFBIRRECY, Fib, SARS-CoV HBHIEFM SARS-
Cov-2 BEMBIELERIRRANFSHESHIREES, BIF
T % ACE2 B3 7= R REEFLo475455:5.60),

B 4. MERKREIRE 2. HEXBMOMERKZEEKR
PPEERE ACE2 WEKRNETHEMEND T, MMINETEFRTRM ERFEETRENRIF, LRSI BHERSMFAR# N ER

RETEE, NMSBEEBMESRIE, XA

BETES MEMKME AT R, ACE2 RZFMPHERIAZ BIH-FMLEMzEE. mEIMET

REEERIRFE (SARS-CoV-2) FAESRAHERRALER T FThAEHSt, EelET I AR BARM A — 5 B -Fa0RIEEEY, ATIR £R

MEKKE 11 BZK; COVID-19, FHETIRFES-2019

BT RSB BRI, I AAE R R AN SR
EREERBESNHEREMAE FRFMS, HATE
SARS-CoV-2 RRZEME—F &, THRELCITN AL REF T
Ang I N IMENCSOSFEEFRR. HELRESMmE
BERTaXI0ass], XLMRERTEIE PH. COPD MEEN
ST RFTERERFLUEFR A RN 2 BRERBEPEE
Trz%sE, BEXERMEMFEESHEMSEMRL. AR
BIEREEZEHNE. Firmicutes (F) 1 Bacteroidetes (B) HYZARY
RETHEN, EYEFERDPH ACE2 RIFRAE, FHE
FRIFFEZE, WMEYNIERXFELE A UEINE R R RN
ERNAFMRERENDT, RITRIEMIARRAE, ACE2 B

ZRMABRFS ENEFARY, HEHER = EREENA
EIBINAIfE ACE2™-Akita /NRIERERNFTEM K, HKINE

6 E XEkSiE | Article Reading Guidance

HE 7 S AREEMBRIER. 7T ACE2¥-Akita 3 Akita
NER, FERENRTSEFHREEEEIEEmMAMm—
MEE AR FETRE X, ATFER/NRIRHINREREIR
ME LR AL IE ACE2™-Akita B Akita /)\ERHIBAERELN

BEPERS. [FIk, SARS-CoV-2 RRHS[RERIMFE ACE2 FEM(E

AJRES MR MBI PRI M E £ AR H IRE N AR &
MWEM, SHEFTR, BEH—SINE R XM
MR E BRSBRNERERTRERER M,

ACE2, ADAM17 FIRJE 2 [B1HYREE
ADAM-17 7+ &0 ACE2 ZEHKf#

TNF-o (MYEIFIERF-o) B—M5I8MKERXNAM



T, HRIMENENRENEERARESERE TACE
(TNF-a $51E§) RGN, TACE H#F8 ADAM-17 (X%
BENSEELE 17) - ADAM-17 2—F 1 BBEER, B
F Zn ¥ EEHEHN adamalysin LRIE, 4EW
ADAM-17 BEBS 3R TNF-a [, ZEEMERYMSRMELT RE
BESMARETNZE, ERiFS5RENRIFRMEEX
s, EEME, BLIM ADAM-17 BET T ACE2 IEHIKAR
FAESMEMIRATE, ACE2 MIBEIEINRTF RAS BOZESE
1, #EMEEH ADAM-17 EIEIRENT HF. OFBLEL ik
BBk RO = ROBKEHBKIR A R RIS A28, Ang 1T T B89
ATIR JEHfA—MESEBERE, RESH p38 MAPK (#
NEEVERRES) HELA] NAPDH &1LES 2 IBSHENS
R, S3 ADAM-17 BRI, BAERLINSRT ADAM-17
BOLSENE, MIIGHN ACE2 MBS, SEEERE ACE2 M
A0 Ang 1T (3%16R Angl-7) MIEWWEIR, LIERIREIRA
L EIE RAS NENBEEIEAT,

BENE, JRE ACE2 AHER SARS-Cov-2 B
BOEBRIRFLER, SARS-CoV-2 WFA ACE2 AN,
I, HEBRENSVEEERBET ACE2 NMEIARRIPINEE
B9k, SARA-CoV 5 ACE2 445, ADAM-17 SE4 £
A, FEHFEHNAM, siRNA 37 ADAM-17 BOER(ER T
FZEH55 SARS-CoV HNAMAIEESY, LEIRT SARS-CoV
MB—FXE R EMTIREERM A LTRHBES HNL63-CoV
B FHE, BEME, RE HNL63-CoV tFIA ACE2 EX
HNAMENZE, BERES ADAM-17 SEWF] ACE2 KISME
MRS, FIt, ZARIEAT ADAM-17 /T8 ACE2
BSZ7E SARS-CoV RRMAFHYMFIER, HOIRERTAREAR
WRSTEZ BIEFEEETEMNER, b, B ACE2 IiRK
BIET Ang T R, XWHCET ADAM-17 BO7EME, MM
5 ACE2 BWERB#E. RAS TEF A KERLFEHE,

ACE2, SARS-CoV-2 fl#fE

EWMRIEAZ%ERN COVID-19 KRITHRI BRI,
ACE2 X} Ang I/ATIR 1 Angl-7/MasR HB9IE T fERESERR
RFRBHFD AT IS M RERM A MR SERFEIR>), COVID-19
BEREAMK, ANSBEENRGINRSHSREINER
g, HepINRARMARETNESIR, SEEEERE
WEBRTREACS, LYRERFKHRT SARS-CoV-2 BRER
RHUER, Th17/Treg HMETHEERM, RBMMTEEL, M
MR K EMMERFI 7, COVID-19 BEH RAS &
FRB LUK ACE2 Tt —F SEARMALELES, A§
ZHEESHNAMMIRGIET ACE2 KRR, SIRAEERMG
HEEBE. Ang II. ACE fl ATI ZHRMRE®, F5H

©2020 IMPROVE MEDICAL All Rights Reserved
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thACE2 f&, FRTHEEFIRIEM(AMEE R ERBEMNES, It
4h, thACE2 BB @mMIHIIET HTF SARS-CoV. ERMNFIEK
HES NS MRG58,

5EE0 WT XR/DEMRLL, ACE2 EEER (KO) /)
BRAHIFETENIEITREBLEEE (ARDS) /214G
IR, MEBEBSMEGM. FAMGM. PR ARRFREA
FINRESALISS, BIEH—FHIBR Ace EEF'", ACE FAFEH
DHERT BB ACE2 BRT/NEMSMFRAmERE, X
RPA ACE2/ACE KTHTE# 2K AENX R BB ER /A RIFHY
X, ARBs (ATIR FEUTF) BEIES ACE2. Angl-7 Al Mas
NFE, X5HMERAMEFNESTAAMETF 1L-10 48
—39, FABEPAYLT thACE2 LUEH Ang 11 FFH T ik
BT SMRERN, ACE2 KO SIMmE/NERIIH E58A(E
RAMETF, IL-1B. IL6. TNF-a F#ELETF (cC EFF) B
& 50091, D-Ala7-Angl-7 (A-779) X% Mas AR HIER T
2MHET Angl-7 NEMIMAIEA, T Angl-7 ZAEHF
AVE 0991 MIBEREIN Angl-7 BIVEFRES,

ACE2 NEEZ{ER
RAS BT

ACE2 WEMSHT RAS EMAHENERLZETHE.
ACE2 2—FHE¥RRKES, A1 Ang 1 IR ALK Angl-9, AI¥E
Ang 1T FIRATRK Angl-7 (B 5A) o XFIRRFAIXT Ang T H]
Ang 11 FUESIRPEARIZRNT RAS BUERE BT ERHRE
Ang 11 1 ATIR N"SHNEEMERY, X7E RAS HiZEFRIEH
R THBIER N Angl-7 2—ThEYEMRL, HIER
S Ang 8K, Ib4h, ACE2 AJLUERAKE T ACE Il
B Ang 1 FERk, B30k B FREALMREEEESRIFERRI), 2003
&, —MRREMEI)LZE—Mas ZF (MasR) HEE R
Angl-7 BIZ{K, T MasR 57 A779 WERETHNEIRZE
Angl-7 BP0, Angl-9 th B B/RANEIE AT2R 4B
BIEMF AR, M XSO B = R IPE AU, Hi,
ACE2/Angl-7/MasR H{EA—MAERMERNFILI, TR
THRCER RASPMOS12, ACE2 BYC\FERIFVE R LRGSR AT 1L

PARTF: (1) ¥ Ang 1 FEARA Angl-9, MITFRHIT ACE 7
HEMENER; Q) BIRIERR, BET Ang 1 NEE

EF;  (3) WRABOBRFRIFERR Angl-7, Angl-7 B9
B ACE2 MRMRIFNEENG, EAERA Angl-7 BIFEEHT
A779 JERRT rhACE2 7E/)NBRUZETHREFERIE R R B T 1E
013, ACE2 JEMHIFEESE Ang IVATIR H5EN, XBEBT
{E3 CVD BB, ACE2 KEFEMHHNABS ST Angl-9 M
Angl-7 B9TZR, MTISERT CVD BIRIP (B 5A) o
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5 Apelin FKEVIEE 1EF

Apelin BAEKEET apelin ZAN ST CVD BRIPTA
1BERIIS, X EDIM APLN EREB— 77 MRERN
apelin BI{A, BEERAREETIBIRIKESR 13 ~ 36 NRERMN
SHEYLEER. CVD (83E HF MBME) ASHER A
MM AR apelin LEFERZRZSN18), Apelin KO /NRTER
REDBKEEILE R L FEE AL AMURZETRERERS. DAL SE
DR, EEDBARREFAST HF RIS o2,
Apelin KO /NEAILHL ACE2 mRNA #1 ACE2 ZEHKFI9F%
B, AEEN apelin-13 [GRILARFR, #RBA apelin 7 ACE2 &

ERAPHEEXFFTER BT Apelin ZE8 Apelin

=SESFIEMNT ACE2 BEIF/EE, S ACE2 mRNA
FMEBRARIG N3], XEAERS pyr-apelin-13 FKAESE
T Ang 1 NMSHBEMFE. OIBEXR. THRERERMLT 4
LEIBESAE—E, tB5 apelin-17 ZEINMIRETREA AT 441K
EREEBSK KO BEEEF Ang 11 MESHVRE Eohiki A
—H, B2, ACE2 ATHSBRIESEN, fe@d M
BKE RARI T RIRNHISARFH R TEEYEM apelin BX apelin-13
A0 apelin-36 (& 5B) %1, RFMEHRIRM apelin RAAIF
RHASE, FRLLAHR apelin BRSNS IR ACE2 XTEAIFEARH
FEESRRMY apelin FRMESEES, ML OME R
FHIRIP, [ETERREER BRI A2,

OO

Q@ve He!erod imerization

A NERef oD gD~ €
Angiotensinogen
o l,H‘ o s ST e Pn)
PO A2, angio
Ang |
i ACE
- J'Chymase
OO 2 — P = oS
Ang III Angll Ang1 7
74 e
<
r
{ &
B Preproapelin Inactive
ORolo D5 Y pyr-Apelin12
Pyr-Apelin13 @ <G @ e
a ACE2 © © @  ppelin12
Apelin 13 ® @
) @ @ x(s
Apelin17 ‘ :. l_j @ : :. ;é Apelin 16
ACE2
OO XOEK K{ A COOCOOOO0

e R pelin | OO0
1 Wigte Lneceptw JIGIRIRIGIA

\ %) ve Feedback Loop

A ACE2
mRNA

WROS A\Vasodilation AAAngiogenesis
WFibrosis WHypertrophy AAMyocontractility

H 5 MESKRIZHRE 2 T ER-NEEKRRAREKRNPOERRESIFLERRRNEEER

A MEEREFERERMIA Ang 1 (MEEKEKD , AGH ACE RIBAMEEEES#H— S IEIAL Ang 1l MERKR I TEBIMERKER 1 8
2k (ATIR) HMERKR 2 BRE (AT2R) RMOMERS. B, MERKEK 1 FJIRFRMES ACE2 5 PCP (FREBRIKES) MM Angl-7

(MELKE 1-7) o Angl-7 NEBEE Mas
SRIGH ACE 5 NEP (FP1EIRES) 2R,

B: apelin BXEE apelin SESBOMERIPIER, FEISERTRAES ATIR BF Ang 11
SRBIRIEIE# ACE2 mRNA 355, MIMZRAA apelin {E9 ACE2 IEEE T, ROS REIES.

fRMSIE, M Apelin
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Z& (MasR) BVEEMALRMRIPEM. Angl-7 AILUEE ACE2 7E Ang 1 EREM#H—FHA Angl-9,

E51EF. Apelin @i ACE2 B C RIFFRARELS



ACE2 {ERSEBRIEEN BOAT1 (SLC6A19) HIMESER

BOATI BERKHMHSERNINE, T\ SHETS
RIAU, ACE2-BOATI EEYHEME B, ACE2
collectrin ##£EAIHNT FEIR B, ACE2 BEHTKH RAS
BDhEE. ATERERRS. MERMNZEREYMANRIA
#l, ACE2 XtF Hartnup ¥EEBEE/NINRAZHEN, K
TR BOATI $IEEES5 ACE2 TE/\BHHAREIhAE M KB AT
JAT5 A Hartnup SBERAIRE R BTIEI,

ACE2 TE O\ B R R ER
ACE2 5i0E%

DINERFRELIREENECER, BRFENAHTE
&8, OIHHEIRHER SHEMEBATER R RIOEEME
KW VESBERATECE, O, ACE2 BT O,
DR AT AEARE. OIMEASRA BRI M B R REU7127128
Angl-7/MasR HFEF OB, OIERLFALRIE LR
MEFBAABRI12-30, BEME ACE2 BRARSEEIME/N
RO EMEE Ang I NMSHOSEEMTIEMEISINR,
RZFE thACE2 (Z|4HA ACE2) ERILUEH Ang 11 5189 M
[E. FEMBA. SMIRHBHMOIINEERERR !,

Efh ACE2 MBS CVD HEXREX, MI FEENT
DEE HF MERRRANMS, EFFRNE, ML EMAL /)
BAMARCOAER ACE2 mRNA BIFIAI1S], MiEZ 4 ACE2
BRRGE MI SIERMIOAETNAERERS. MEEM. MMP (ERE
EBEAE) 2MMPI HEFZREIMNE R IR N4,
ACE2 HYTRk SEAEIEANEFE B B X fe Ah M R 40 A 52 DAY 18
m, SBREEAREFLEE: «-FTHRE. IL (BNR) -6
BAERERF MCP-1 (REZHAMRBRKER-1) , S5 ERK12 (4
MESMSSETIEES 1/2) M INK12 {55 @EBRARERLIE;
# ARB FHMIERZASH T OAINEENEE>, #HKR, ACE2
B9 FRIAFD Angl-7 BIVERIERE T MI FESMCAEFLE6Y,
BEENZE, NRAET KELNBEENENCHEFFRRL,
ACE2 & T EK B LUE INIT OB RHI 5 =R,

REBNMOEHOIRIBE—MMERERS, SEMHEX
BB RIME RS AR X, B0 TR %
Has139.400, LSMRBERFE R R AT REXT DM E R R IR K 1%
MR FEZERF, ACE2 BEKAAFERE SIS E0
RBEOCINREEMARRH EBRAREHRTARRME M1
RENRL (FEBEN CDIIC) , AL TEARYE M2 B
ERMAMNET, HERBHNMIRNOIRBERINIREIE
KBURBRERT AL, BEEMRE, Angl-7 BT OIMREERAE
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e BRI, FHRET ACE2 KO BRI
BESHRE 14, Angl-7 TERERY 2 ENBIRAS N EIEISAAR A
EEMOAANER, FHERFIE OSSR RIER
14-19), ACEY/Angl-7 WIEEEIRSIEANERANIBEE, M
BRI RAVERAE, WS ONERG—SR
ghosrss,

ACE2 5 EfH

FEi% RAS BEHI—EHERNEREASTEENTEN
Ao ACE MHIFIMME X KRZAEEHT (ARB) AEIER
ACE2 Ml RAS WIERFH, PARRBEKT XIS (B5H
TEAR RAS F ACE2 FRAMZIRFIFIES) o Lesh, 3GHN
B ACE2 KRR R MIE, M ACE2 RZRMBISMLE. £
SINESLWER G, BiF ACE2 MREASMEE AEX,
5EEMIMNE Wistar-Kyoto XL, BAMSMEKENS
ZFXBEAMEMEABRNER ACE2 mRNA 7K RER,
XLEFRR S ACE2 TEARHERINE PN ERIER, 1BRET
ERIAN ACE2 255 RAS BEEAMMRAE NI REME
Fatee4n, 3 rhACE2 HTTRRMERITABAE Ang 1T 5IE2HIS
ME, PMRIRE Ang I, BEBFASIR Angl-7 KFIS), KAR
B#E5T (ACN) HH ACE2 f1 ADAM17 BiEFHIAE, X
RIAS MEETERE ACN R TTHUNEIER N R
Siml #E7T EERMEIR ACE2 M/ B SRES MER
RELRH, RUEMEASHEHEET ACE2 JEEM,
ERBEBE ADAMI17 ARNT ACE2 MNARARE S LEMIE
3%, M Ang I A[{E#X—I%2, #HB ACE2 LIRIBAERERK
B 047190, SREARN ACE2 BUHEEN, MR EME
EMELENEZRE, BEE ACE2 Z SHIBKEELN
BIREN B LA, HEBTIWERERBNEE, BT
ACE2 7RI E K EF SIRKGHRIERE (LR X BIERIS, Itk
4h, ACE2 iMHIERER] LAPELEFEZAK catestatin 77 FHINTIR
BEAEIER ApoE-/~/NERIBKAHERE LA BIVRIPER,

ACE2 TERBRFIE O E H REPHIER

RAS #i#9 ACE2/Angl-7/MasR HISIAT{EFA BEHERRE
HAE (B8F0NERNER) HWHABPRITRENEE
(1531541, ¢ ACE2 TEABFRIRPN EE MRS 7R B FHIHERE
FARENEm, HPRRFESHNEINERES RAS HiH
R, RAEETH, RARMFIPE TRAGRIIEXY

(B 6) - RAS RIPIERRITRKASALIEIR Ang I KFH
AT LU AERAE = THEEEG XIS, RAS WHEER
INARVER A MR EM A M E H L LRI KRFRED,
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TrROS

1ROS

THypertrophy
tinflammation
TMMP activity
MetabolicShift
Altered Conductance

TVSMCHypertrophy

)" 1Endothelial NO
TEndothelium Dysfunction

|_) AAngll WAng1-7

O A
By

TMyeloidosis

Bone Marrow

Ivascular Heparalig;%

linsulin Secretion
trROS
8 tinflammation

:Q 9)

Adipocytes '
Hinsulin Sensitivity
T Glucose Uptake

Hnsulin Sensitivity

TFibrosis @

Tros
THypertrophy
Tinflammation
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Hinsulin Sensitivity

Tinflammation

1 Vascular Remodeling
Endothelial Dysfunction
Cardiopulmonary Dysfunction

-

Activated Microglial
Elevated Cytokines
Neuro-Inflammation

B 6. ACE2 (MERKRHAE 2) MEKEISMEHBIGIINE T HRRFIEOMEH RIE.
REFRFIRET ACE2 EMRIRAEME Ang T (MEEKR 1) KFASHBRRELMNESS Angl-7 BIKT, MERKER WMBELRKEK 1 1 2R
(ATIR) ESHEMSBEMEARBENSHHIERE, NMABTEES (ROS) HE#HTHEN, BAMKE, XEHT Angl-7 BRIFER
TERFIE Ang Il RUBER L2 SRR R B R B ACETEH B T S RS

TEREPRRR SRR BURINEPRIR B E T, XF RAS {RAER
R NENERIRE T EENBRRP. RE ACE2 BRE
DB THERFSMECY, {8 rhACE2 1EVERAERISIFSER
MR R SR E R B R BB BT 1EM. TID HH
ACE 710 T2D AFRISEIDIBFE MIMIBST M8 KK EZA
RIBEAHIER T BmAH BRI, ERRREINEF, ACE2 £
RFRIEFEE~50%, XRRL Angl-7 BIFERHAYF Ang 11 HY
AR, FILEHEEMT TGF-p M CTGF (&@MALREKEA
F) HRA, SHE/NEERFLENL, M LEFTR, RAS B
R T BHENE, M ACE MEIFAT S ACE2 AR
BN, MMAZESRIPERC, Eit, 3 ACE2 RKRSHE
PRIBHVINE H & AE Y2355k B T B AR IRRFISEEGIER .

MMRHR LR R T NAMERFBTRE, BRIIEFIRMA
KEPANTERRZ—, 5 RAS WAL, (REFLLFMER
MBENREEX, EREERGNTLIBE ACE2/Angl-7 i
BRURLI, SRR R TAMREXAREFHNDBEE
EMmNEERET = E S RE R - B RdiR Y, FERRH
RIERVEEAR AR SIEESHRMN E oMW CCL2l), &
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BT CCR2ARYTE T L [ Ig (R 3 I B H R ERY K Rl
e BRTIEMETIEN, BEHAENRRBEEERNSHE
KRN EEEMMMEIRLEEMMAM (CD344M) 9T
f£0; ACE2 mRNA BUKFHZIERFBEFETHNERNE
BEIUBAR, SEH. MBI S AERTEZAIER H M
RREREHEL, AP RE MEEHITERS 40 &, B
RREMMRFERERFREBES mRNA KERNMER
PHERE (ACE2Mas) . TERBEERBMENIIEREDN
CD34' M, BIRHMMBEET Angl-7 AILUBIMERF
FHY NO R/ EE R IERTIEEMERS, 12/ B AIMBEER M
-BETRGIEEG, 34 CD34 AR Angl-7 BEFITIEN,

ME T XLEMPNER M EESTHEE, b, AAV-ACE2
3 Angl-7 BRIIZAZI R T HERRSRS ER M BRI B SR A1 4
fE, MITITRRS T AL MR U,

PEFRFEE BT RAS kiF, FIRERME SARS-CoV-2 XTH
BB, Guan EHRET 1099 B2 COVID-19 BIME,
Hep 173 BIBBE™EHER, HP 162%BRHEZEEY,
Zhang EHFT 140 A COVID-19 TEREMERINESE,



Hrh 2% EBAERKR. BENE, NftaERREELES®
ABEB SARS-Cov-2 MWNLER, XAfERHA T @EBERR
FRAFRIRREIIR B BIRKE R AN B E] ACE2 K FFEEFTE
U=, HESE, ACE2 WkASEHEMBEEFRTREX, BHE
BE | ARERFENRE S-S T,

ACE2 5hER%kiR

i LB RABKTEN ACE2, B5SE FFRIH K
EEIERXIM, ELZMHREERETHEMER (8
#& SARS-CoV #1 SARS-CoV-2) 5| &M ACE2 851
ARDS!'17l, ACE2 KO /NEARMH™ER ARDS fFHIEFRE
U191, 546, Ace EiF&E, XA ARIR PEEFFIATT ACE2 KO /)
BAREM ARDS HRIRRHRIVESE, 1817 ACE2 Mymkd
AR RIP SR A MR 4L RAS HZ BRI,
XLELMEIEZFEE S ARDS FEIREA, rhACE2 XFFHM
EMAENERFEANIEER -8, EF COVID-19 BE
B, FEMEXAIM ACE2 A SFETFIEMAMBHREEAEE
KA,

ACE2 BIES RAS KEMES52MHRH. BIHER
B9, ERaMARGH: (1) Bh ACE2 FR(EM Ang II KFEFH
=5 (2) #3E ACE2 SHl Ang I AJETE; () 8=
R ACE2 N T w5 e EME G, ACE2 HE&5
T PH FIF4EK!), {5 rthACE2 180 ACE2 JEMRTEIMER
BRFSHREMS 4L, MMAEMIsEREzRENML,
M ACE2 &6 DIZE FIfRIFENISSE PH MLTENNIEE
U, ks, ORREVFERNN ACE2 AILURIPFAIMELE PH
IR R, XM ERIFEARRIER B —TUNR A KRS,
HFKE PH BIFIER ACE2 EMMEM, HAXLEMEH T
thACE2 JEP{E T F&R a1 FH R T S RETR S
Bl BATE, XEMFRBIRMEL T XHE—MISIESR,
Bl ACE2 fEIEEMINEEFEXEIER, HAGHZSEIHEER
o

ACE2 $BmE545T
RAS MAEZHEFFIF ACE2 NRA

RAS HRIBMZHFBERET CVD MABMEHE,
BRINZY AT EERIRENERARLMEZKFHN RAS
Hl, RE ACE2 ARXEFEANEZEMAME, BHT
RAS IS ZMF, ACE2 BEMER. BIFMRLnmtEs
WMERNTEM, BIRE Ang I BT A VE A R BE BT
ACE/Ang T/ATIR 31838 ACE2 fEARIRYE RAS fIATH
BIEM. ARBS #FERIEMOME. BAE. MERNBKHR ACE2
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mRNA HIRIA. ZEARKFEMENLEMY, B7F ACE MEIFIH
KBAFALRZE, BEHRIEENEIFKERE (KR)

71751851, SATEEMER Lewis KRERABIESFIAMIIVIBEK
BB, HRT R2MBTRMREIA ACE2 mRNA KEFH
&, BRETRMEESHOIE ACE2 SEEAS, Lo,

MEEEH Lewis KEH, BIEEFERZMOME ACE2 &Y
HIERTIEINT ACE2 mRNA HIFRE, BIEEHAHIMRE
THERBERI, KRB TRTF ACE2 FTHHIER
¥2%, S0R7E Sprague-Dawley KR/OMEFR ACE2 EHEK
TEE, BESERN ACE SEMHNES, £ | B¥ERE
Akita MEZKRFREER/NEP, BREFMIIDIBHNE
RAS FEETERRERSAE ACE2 mRNA FRIAFEBRIAKTHE
RUS7, XL IMIRAA, Ang [ TERIEEH THIFREE RAS
Xt ACE2 AT EAMERER,

Ang 11 AJ3@id ATIR I8 ACE2 IFRA., BEMOIENS
FE= 7K FRIX ACE2 mRNA FMIEHUKIEER ACE™), CVD
i RAS EESEMIEINT Ang II 3 ATIR BUFIE, {2
ERK1/2 #l p38 MAPK {5S@E&7E 18 ACE RIANREM T
ACE2 BYZRIAIY, p38 MAPK RYEUE @I AR X AVENIR ERAER
HIIERIREIERE 2RE ACE2 Bi%, MiLEI ADAMLT &
M, FHEILUARBEMZREIN ARB REISIN ACE2 BEKFEAESE
RILE RO, ACE #IFIF ARB 1558 ACE2 mRNA #RiKK
TGS’ — ST, i, HERBERZEENTEY
REIEY HF BE. FEE/NEMABRERT ACE2 mRNA
BRAFEYE, BERRAR[RZEIEMMREETRR, BEAES
MERBOIEREEEM (R) 1819, @Ak, —MIEt
B R FURRZAET, ATLELE ACE A ATIR mRNA
KENFE, HELEOHAREERESES5EN ATIR B
FERYIE N0, EhRT UM RS ARMSER RIS T 5 ATIR B
ENTHESER, 8 ERKI/2 MZaREIR p38 MAPK i&
fguoansl, B FXEE SESREEHTURIISBERHES
RIETFISY ACE2 EERIA, REERKFEAEERIF M,
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Table. Pharmacological Regulation of the RAS and Their Effects on RAS Components, ACE2 Gene Expression, Protein Levels, and Cellular Activity

Pharmacologial Experimental ) )
) Tissues Observatin
Agent Model/Subject
ACE inhibitors
. X . Decrease in plasma Ang II, increase in plasma Angl-7 and Ace2
Lisinopril Lewis rats Heart . o
mRNA, but not cardiac ACE2 activity'”
. Coronary artery ligation Increased plasma and cardiac ACE2 activity, and cardiac Ace2
Enalapril . Heart
in Sprague Dawley rats mRNA levels 8 wk post-surgery'®?
. . . . Decrease in plasma Ang II, increase in plasma Angl-7, cardiac and
Lisinopril Transgenic Ren2 rats Heart/Kidney .
renal Ace2 mRNA and activity'®
Lisinopril Lewis rats Kidney No change in kidney Ace2 mRNA but increased ACE2 activity'®
Angiotensin receptor blockers
Losartan/ Coronary artery Heart Increase in plasma Ang II, Angl-7 and Ace2 mRNA 28 days post
ea
Olmesartan ligation in Lewis rats surgery'”®
. Increase in plasma Ang II, Angl-7 levels, Ace2 mRNA and
Losartan Lewis rats Heart i o
cardiac ACE2 activity'”
. Increase in cardiac Ace2 mRNA, Irbesartan prevented Ang II-
Irbesartan C57BL/6 mice Heart . . .
induced decrease in ACE2 protein levels”
. . Increase in plasma Ang II, Angl-7, cardiac and renal Ace2 mRNA
Losartan Transgenic Ren2 rats Heart/Kidney e
and activity
. . . Following 2 wk administration, increased ACE2 protein levels,
Telmisartan C57BLKS/J mice Kidney .
and Ace2 mRNA expression'®
. Treatment with irbesartan significantly augmented ACE2 protein
Irbesartan C57BL/6 mice Aorta s
levels and Ace2 mRNA expression'®:
Spontaneously Increased plasma Ang II and Angl-7 levels, Ace2 mRNA
Olmesartan . Aorta i .
hypertensive rats expression and ACE2 protein levels'®!
Mineralocorticoid receptor blockers
. Patients with heart Monocytederive | Increase in ACE2 activity and ACE2 mRNA expression 1-month
Spironolactone i -
failure dmacrophage post-therapy
. . Increase in cardiac ACE2 activity and Ace2 mRNA expression but
Eplerenone Balb/C mice Heart/Kidney o . . . s
nonsignificant increase in the kidneys
. Prevented aldosterone induced reduction in cardiac Ace2 mRNA
Eplerenone Wistar rats Heart ko
expression
Dahl salt-sensitive No effect on cardiac Ace2 mRNA expression and protein levels
Eplerenone . Heart .
hypertensive rats observed in DS rats'?

ACE indicates angiotensin-converting enzyme; and RAS, renin-angiotensin system.

138 ACE2 EFS

thACE2 Bf Angl-7 XEEIF AVE 0991 XF ACE2/Angl-
7/Mas ESESHMEH BTN SMFEN CVD MAEPERB~L
BRIATERY, BER Angl-7 SEEEIF AVE 0991 7]
BIEOBRRIPERS), B thACE2 &7 Al E ZHIER
AR SRS, CVD FISIRBRYERI 7820, @
#KF ACE2/Angl-7/MasR B REIATIKTE, B4R CVD &
ERFEEN CVD (BIERE. SmMEMEMES) M
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B ACE2 7KF, HEXLEBERLE SARS-Cov-2 HIER TR
LIEEHENE R,

thACE2 TEIM4E L ATPR BB RS I, LIBALE S &H
5WiRME ACE2 #E1EM, FARIBTESE RAS, XATREE
COVID-19 FiZiaTaLt, HEEEHARM I HilEFRIR
30U, rhACE2 MBTERRMRHETHES FRA, REITHER
4848 RAS RO BEMEREMN, 155225185 RAS [HETT ARB
BEMSIAT £ BTALR RAS, TFERWREAFEIEIMN ACE2



FAMEM, £ COVID-19 BEMSMMEREH, RAS I
WEERXNRAELUIRE, 2BIRRIERRREERXLELY
BOMERTIRESFIXERL, REWLL, HELZBFR SARS-CoV-2
BB EEA ARB AIRER— A MBI RAE N FHI RAS kil
WaITAHZ, BRIEE—ERAKRRRPHITHAR
(www.ClinicalTrial.gov, RS NCT04312009, NCT04311177
FINCT04318418) 11982001,

B EAZEEE Lactobacillus paracasei (LP) , HBEILUE
B ACE2 BFATHE, ZaEEMA UERIEEARE
BATEH, ARENME ACE2 EELSELSTE B (FYHEH
FUMEHBHERIE) MAERNESA L AR/ NR, Brm
BRI ACE2 SEMEIEI, MBRFIEIMRRRER, X
LERNEREYTRREERIFERERERA ACE2 RIT
BESIIE, EIEATTiRRFmIT R EN BEEERMNAREYTI A
E, tBalgeA T34 CVD # COVID-19 B,

&3

B M 2000 FRI ACE2 LUK, 7ZEBBEEYLFIERMN
£ CcVvD HMEARAE, MUKNFIE{EAN SARS-Cov-2 R{K7
H, #EVET BEAN#ES, ACE2 2i@idE Ang I XBIRER
BX Angl-7, MTIXS RAS RIEHIFIEHNEENE, HEIEEF
AX—EZENEYEFNEEPEE, WA OF BEMNETT
fri%k. BT SARS-CoV-2 5 ACE2 MU E TS EEY RAS 4l
&, ST ACE2 MEETK, MURIENE Bk TS
BOENE(ER, ZHMIEENT COVID-19 BL B MHERFMFE,
XL R EFEFAEA RAS HMUMRKEIGKRER, GiEE
FB AT1 Z&MEE (ARB) o
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TP ERR T ER X T ME SR KFFZIRE ACE2 XWER-MERKZRFEVATHEIRT, Uk ACE2 (FARYEAREET OB

MOEFERRFNBENE. WNBET ACE2 fEALNEREMFIRSYIIATREN

SENBBEERF

Oudit GY, et al. The role of ACE2 in
cardiovascular physiology. Trends Cardiovasc

Med. 2003; 13(3):93+101. PMID: 12691672.
HE

BR-MEZKERS (RAS) SOMEMSAIHEE R
FRRAETIEX, HEEWIERLERIISENES S
%, RERMWMEZKEFZIREE (ACE) WEIRY
ACE2 AF3¢ RAS BEFRIATI{EA. ACE2 253 Ang
10 Ang I tNEIATEEMER Angl-9 F1 Angl-7. ACE2 1£
BREMOETEERE, TEHREARABERE. &
SHEUERERE (QTL) 1FE, E=MEAREREH
ACE2 #EN X FBA LM QTL, TEXLERNMIEEH,
BiE ACE2 {5 RNA MIEHRRAEEZRMK, F15
ACE2 F{791% QTL RYRIEER, $EMRIF/VE ACE2 R
BESIEBME, BSRONBENITESR, RN
EEKER I KTEAB. B ACE2 /NEM ACE £E
THERIER T DIEREY, XLBEHUIERA, ACE2 2
ROENEENEE AT HFo ACE2 MATASHEE
KNISAEFSFEINEE ACE2 BEUS/KREMLFEL (40
apelin BK. P KFAMAAAHI=) BOHIER, BT
MEEKRERETENUIMNE MR RSB ETREERT
SIEMEIhRER R IFEE/EA AT R,

©2020 IMPROVE MEDICAL All rights reserved

Tesanovic S, et al. Vasoprotective and
atheroprotective effects of Ang Iotensin (1+7) in
apolipoprotein E-deficient mice. Arterioscler
Thromb Vasc Biol. 2010; 30(8):1606 + 13.
https://doi.org/10.1161/ATVBAHA.110.204453
PMID: 20448208.

BE

BEY: IMEKEMERKE (Ang)  (1-7) JBFTXFH
FIHAEER ERZIEE (ApoE (+-) ) /NETHRKSHIFREN
BRIBRL,

FHEMER: Ang (1-7) B—MEhEE, BRIRNA
R EET Ang T BYREIBICHIEREILIER. TS AN
16 BNEEIBCHIERLERE (21%) RENHEER E
(-/-) NEA, WETKEA 4 F Ang (1-7) SAFTH0E
MG ERE LB ENR RN M, 181
Ang (1-7) AITRIBRENEANRIIE, 5 2 BMERK
% (AT (2) ) 3 Mas RAPEHNERER. EXLM
B, SWMEFATTAEL, Ang (1-7) BTEERRET
BEMYNE=EHENT AR —EHASHENRRE RN
Mo XEAERYAIE AT (2) 1 Mas SRR
o Ang (1-7) J&¥T/E, SHENSTEREL, &I
TR G 0) MWARS FERLLETFERRIRERD
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BAERE. 5 AT (2) & Mas RIAERFIHEAT Y
® Ang (1-7) N SRYRHUERE.

#ie: K Ang (1-7) JBFFRDETNEMERNRIEE
FEMERFER, HrrEohBoRF@ LR rER, 7
ERBR R LR B R DR R, XEERMT R
BN —aUREMHMANMEFRNTSHN, HEB KR Mas
FAT () RENEREEER.

Donoghue M, et al. novel Ang Iotensin-converting
enzyme-related carboxypeptidase (ACE2) converts
Ang Iotensin I to Ang Iotensin 1£9. Circ Res.2000;
87(5):E1+9. PMID: 10969042.

BE

ACE2 BE— 1 EMNAMERKFEZHE (ACE) Y
BREY, BREALNRIBLE cDNA XE STFEHE
B. ACE2 AABENESIK. BN EBELEEEM
RANBREMN, ACE2 f ACE MEBEAMELEN
HER 42%EREE, HERRALEHLERKREAXMA
NEAZBIEH~EN, SEEEEN ACE 8L,
EFTIAER 23 MAMBARH ACE2 HRFNEETO
Bt BREMEN. REAKETR ACE2 ERFEFET
ERE A BRIMERNRR AR S/ NE LR, FE
ACE2 EiB UIRIBSIRESIDIAT N Riv, MILZRAAlEH
DR, FH ACE2 KEEMERKR | C RIFRSR
B, £RmERKE 19, FEEFINET ACE MIEF
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PEOHARE HEA A BN I E KKK, ACE2
ERIALNE] des-Arg BHRAAMEBEER, BREETE
EHRR I EM 15 FIETEMRMRR. ACE2 RIS
EMHEEEFAME, ACE2 WBREMARISEMR
AR AT R M BB IR R R, ACE2 £
DEMEENESER-NEEKRRAATREEXEE
BIEM.

Lambert DW, et al. Tumor necrosis factor-alpha
convertase (ADAM17) mediates regulated
ectodomain shedding of the severe-acute
respiratory syndrome-coronavirus (SARS-CoV)
receptor, Ang lotensin-converting enzyme-2
(ACE2). J Biol Chem. 2005; 280(34):30113=9.
https://doi.org/10.1074/jbc.M505111200 PMID:
15983030.

BE

MERKRLIREE 2 (ACE2) BOBEINAEN KBTS
Fl, BEESMMRESSIE (SARS) RERA——SARS-
Cov (BRfFE) MAMZE, ACE2 B—M 1 BB
EH, AAGSEMASMRIN N RIGLETHFMMER C
KmfER, RZHARAMBREMFENTAER
ACE2 BE2/RUEEMRT SARS-CoV RIREASHZAM
%E, EEMTEH, HIMET ACE2 BHKEEEN
BB, HARTIEMZBESHEMNE, FITIERA,

ACE2 £ HEK293 4 RIFEMFRIX, 7 Huh7 4HRE
WERMERA, ZHEEEABENSN. BEEEESNR
HMEMIRERTR, B FERAN ADAM (—MEEESRENE
BEA) EABARMRAAERERAIMET, &
i1 ADAMI17 ¥$E AR ACE2 BEEMIEER . Lt
9, ERFEM/ T RNA IEEEERR ADAMI7 B9
X, ALRMETHY ACE2 BiS%, ™ ADAMIL7 HEERIA
M SFEMAETE B2, XLEHIEN ADAMLT 557
BB ACE2 MISMZERIERMT BENIEE. T
ADAMI17 B1A5T ACE2 Bi3%NERES, AIGEN ACE2 B9
EEPERR M R,

Patel VB, et al. Ang lotensin II induced proteolytic
cleavage of myocardial ACE2 is mediated by
TACE/ADAM-17: a positive feedback mechanism
in the RAS. J Mol Cell Cardiol. 2014; 66:167+76.
https://doi.org/10.1016/j.yjmcec.2013.11.017 PMID:
24332999.
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R"E LERY Huh7 ERERILE ATIR KREMSEEZEQBNS
B9 ACE2 BitS%&, M siTACE ¥%ZrmIBAlE ACE2 Bid%.
TACE BC\BNARRRAS R FRRmT ARG LE ACE2 BitS&.
SEMRERBIEAR, BN ps7 (phox) KO /NEXT Ang IT
ESH TACE BBCFAIEHEBIRN], HRETOM
ACE2, NIRRT Ang 1l ESHOIEIIEERERSHAT
Ko B2, Ang I EiF{EH TACE SEMIENIE R IRNE
FRIES ACE2 Bid%, MMME Ang I {E# HAFTF
ACE2 MEK, £ HF 1, M3 ACE2 EMASFIREN
RILAEH ACE2 fRIPIEFRITER,

ERKEEINES (ACE) 2 BSH-NEEKERAN
XRAATF, ERMELRKE (Ang) I XBHA Ang
1-70 BAMRIE Ang 11BTIGHN TNF-a¥%i%EE (TACE)
REIERISUR ACE2 SRINEI ACE2, AFFAERNRIES
2 A%5E Ang 11 (1.5 mgkg/R) SO ACE2 EHK
FHEMAARE, M ACE2 SEMMBRIEI, TXa
LGB ATIR BYBEERFARALE. Ang 1T &3 ATIR T 2H
DB TACE FAFEMIEINLIA TACE BBEffil. Ang 1I

p — » Angiotensinogen
4 14 ,,,,,,,,,,, Renin «——— a

Angiotensin |
l+ ------ ACE <« ‘ ‘ G
Angiotensin Il '
@ )
+ ,"”-I-’—/I’ +E 4:\\\‘\ —,”/ ,”— e i, 3
&7 » v “A i i L Toea
£ '-,li b — =
/‘ 0
sodium aldosterone vasopressin  norepinephrine vascular tone inflammation cell catecholamine
reabsorption  secretion and ACTH secretion proliferation release
secretion

6.  Burrell LM, et al. Myocardial infarction increases ACE2 B9 O IEEREMERRRES HET SN E 215
ACE2 expression in rat and humans. Eur Heart J. REE-REBERNANREALEENE FINHSNEE
2005; 26(4):369 + 75; discussion 22 + 4. R Th, S5O0HEES 3 AW EEARELL, 2

https://doi.org/10.1093/eurheartj/ehil14 PMID: S/BFEIHH ACE (p=0.022) 1 ACE2 (p=0.015)
15671045. B mRNA 31810, FI5E 28 K, SHRARBRCANE

= tb, MIAREBIEE AT ACE (p=0.005) 1 ACE2

(p=0.006) HJ mRNA g, ACE2 EZEITEMRH
Bi: mMERKERENE (ACE) 2 BEAMERKER B, MEWE. FENMONHARF, FEREFIRED

(Ang) 13#H Angl-9, & Ang 11 HfEA Angl-To FERBAFHMEILIE ACE, b2 T, BJAREFIXT O
ACE2 RZSREOHRENH LFREFSHER, ACE2 mRNA &M, Al ACE2 mRNA 7 MI KB
RASOIMBROER, EITARTAROIEE (MD B KIEISREAR, ERBIALOESF, ACE

B AEZBOAEH ACE2 BRI, 1 ACE2 MR = Rz 143918 o

FEMER: EMI/GE 1. 3728 RIFABAE, #5108 DEVESES ACE2 BOIEINIRR . ACE2 EOFIR

BB ACE INEIFIEREF (1 mgke) 3897 4 Ao ACE

—\

hiE, B MERKRRERMER, WERMES
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KRRSRIFENIRTER.

Zulli A, et al. ACE2 and AT4R are present in
diseased human blood vessels. Eur J Histochem.
2008; 52(1):39 + 44. PMID: 18502721.

mE

HRMZHIEERA, MEEKE T FE Ang (1-7)

M Ang (3-8) BEEMEFEMIER, B4 Ang (I-
7) KBS ACE2 55 Ang (3-8) £&HI AT4R ZEEH
HARBNEMUFEEMEBR/IALEFR, KiTi{ETEH
17573 K Bh K HE 7 F R B9 A 2L BR P9 36 #1458 5h Bk R # %E
ACE2 f1 AT4R MEBARLF D, HNRMEER
MEBEFMETEEEEN ACE2 AR, EETHA
RMERP, ACE2 M EERNEREFETSENE
WAREF, B/ AR ME £ E URER
MEFAEE AN, fEEEMNBRPXFIYREIMEIA
. AT4R SRR, BESWHIEEMBHILREN
Bk BREDRKITPORE AR A RIERPINEE] AT4R FHIE
A, AT4R EEAMEN NNEERNEFESEE
o AT4R T ACE2 ¥W5TBHAMR o« AEERHTE
filo AMIRHE T ALKME LK ME S KIS D TEE
ANZBRE o ANENZEEBPRAYE ACE2 # AT4R, REAXLASTE
RIBERP I RE R IR,

Lew RA, et al. Ang Iotensin-converting enzyme 2
catalytic activity in human plasma is masked by
an endogenous inhibitor. Exp Physiol. 2008;
93(5):685 £ 93. https://doi.org/10.1113/
expphysiol.2007.040352 PMID: 18223027.

BE

MERKEZNWE 2 (ACE2) WINNSERFY—IM
ERKRELE (ACE) NFAER, EFARENE

26 [N itisE | Article Abstract Collection

WAERME RKER I FEH-LEMET KA BRMEEK
% (1-7) o ACE Ml ACE2 #ZRRLESHKINGG, FHAI
BEHTFERKEREEHMENRPEFR. TXTHEHR
o, Ff1REA ACE2 FEAMERHEF, BREENZE
PRSI FIRIE], X ZINEFIHIER 2 410 2RBBZAD
HIFIRNHEKERE T, BRRNEEBHEET. X
LEMBRERBERNF LT —MERIDEIFINSE, K
0 B LA A FA B T 2R R e R 4 B 2R B0 3t 3 A6 o 3%
ACE2 KF, FRZKZA, BREEE (h=18) MmEKH
MISH ACE2 EMBEANTIEIEYE 131 ~ 8.69
pmol/min/mL (39 B + 4% & & , 444 £ 056
pmol/min/mL) » XTOME. BHEH AT ZR BB
—SHRRIFREME ACE2 KFRESEXLEER TN
RAARKEEITHE,

Rice GI, et al. Circulating activities of Ang
Iotensinconverting enzyme, its homolog, Ang
Iotensin-converting enzyme 2, and neprilysin in a
family study. Hypertension. 2006; 48(5):914+20.
https://doi.org/10.1161/01.HYP.0000244543.91937.
79 PMID:17000927.

HE

BE-NEZKERSGRME (BP) MXBAETH, It
REFAMERKREIRE (ACE) IR AT S
EMEMOMERK. ACE2 BZAKNIRE, o8
MEZKE T BRAMERKER, HEMFAIMEAD
RHPMET. XWMARK B NEHEREHRPER
ACE. ACE2 MA14AEs (NEP) BUEMEM, ©1tA
8E2 BP MIATH, HREENRETREBTFIMREYE
TUMHTE, ERZKERRT, EREFEERILR
YINET 534 B2 E MK FH ACE. ACE2 1 NEP &
Mo, BEERRDGTEF ACE. ACE2 fl NEP KRBT =
B 24.5%. 67%H0 22.7%0 ACE HNERKZASMEME M



10.

MEMHEE LB ACE FERH 23.8%. SR ERE
HEEEEENF ACE2 WEEBRERR, NEMNHETS

HTER NEP T 17.3%. BREDHET ACE M

NEP S5URZEEMEFsKENER, AT, EERTHEEM
HEWEFREEEZE, RE ACE SUKREEMEF K
£ BP 3B %,

Epelman S, et al. Detection of soluble Ang
Iotensinconverting enzyme 2 in heart failure:
insights into the endogenous counter-regulatory
pathway of the renin-Ang lotensin-aldosterone
system. J Am Coll Cardiol. 2008; 52(9):750+4.
https://doi.org/10.1016/j. jacc.2008.02.088 PMID:
18718423.

wE

B8 BRINZERECIRE (HF) BEMTHEFA
BEMERKRENEE 2 (SACE2) BEHEM,

BE: MERKRLIREE 2 (ACE2) B—FRAIZEK
REH, AERLERHKE 1 NIERHAMEL HF E5i%
RERNER, B2, HFREEHTENEOHALR
¥, EANIXY ACE2 BEE5 A% HF MORIEEET
fRE D,

Bk BAITAR T —MIBMBERENNE AR E
AMBEAHE sACE2 J&M, HiFiET —HRMBBIRK
HF HREMEEE,

SR sACE2 MFEMIEMNS HF BIRKIZET (p =
0.0002) . AOESFMAEENL (p < 0.0001) B AN
FARRRKTFEFS (p < 0.0001) ZHHER, HUF B BN
FAPRRK, SACE2 SEMERMTY HF M™ERRE, HKEH
ESALNOIEHETHEERFIRBAEX (p < 0.0001)
X XB S HtERRSNAMERT X BILW,
FRO0MERDJERR I O AR B & LU IR R DR B A O E S

©2020 IMPROVE MEDICAL All Rights Reserved
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MaBRFAZNEE, sACE2 JEHEIHAR.

#5i: HF BEAME ACE2 JEMEM, HE5EHTE
BEAX, RABHR-MESKE-BERASNOER
FEE HF REBEMN,

Walters TE, et al. Ang lotensin converting enzyme
2 activity and human atrial fibrillation: increased
plasma Ang lotensin converting enzyme 2 activity
is associated with atrial fibrillation and more
advanced left atrial structural remodelling.

Europace. 2016.
HE

By MERKEELLE 2 (ACE2) B— NS
B, HXrEFRAEMBOEEKE I, EEMHMLNER
B, M3 ACE2 JEMINEM. RINEEHEMLR
ACE2 SE4SABEE (AF) ZEMXR, THRHESA
DE (LA) ZEMELHXR,

FHEMER: REZRORRERLHN 103 BE5E,
B1E 58 BELXMEE (PAF) . 20 BHF4EMEH
(PersAF) 1 25 ZXHR, R TIRKITH. BEOD
ES#RFMIEE ACE2 SEMANIE, B 20 E5584/K
B/ NEHIT T R LA BiREI1FE, AF 3K ACE2
EEKTEASE [XWERA 133 (95 ~ 223)
pmol/min/mL; PAF 16.9 (9.7 ~ 27.3) pmol/min/mL;
PersAF 22.8 (13.7 ~33.4) pmol/min/mL, p =0.006], [0
¥ ACE2 AS5FH. BM. SMEMNNEHRER. £
= (LV) FiEiin. AESFKINAEZ IR EER
X (B p 18 <005 o M3 ACE2 FEMASRE AF
(p = 0.04) MMEZEH (p < 0.01) HRIFUATF
ACE2 SEMFABSHETY LA SRIEEE (BEER R?
=022, p = 003) . BLHENERDROBE R =
032, p = 0.009) KK LA FEWUEZEIEFEEER
*x%H (R*=0.20, p=0.04)

230 AEENIMYE ACE2 EMEFAS. AF MIME&EHE
HRIFURISE ACE2 JEMNEFAS, M3 ACE2 ASSEM
HAMY LA BB EERR.

Roberts MA, et al. Ang Iotensin-converting
enzyme 2 activity in patients with chronic kidney
disease. Nephrol Dial Transplant. 2013;
28(9):2287+94. https://doi.org/10.1093/ndt/gft038
PMID: 23535224.
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BE

R MERKEEIRE 2 (ACE2) B—MHNEBX-

MELKZRLIRTH, FHUEMERKE 0 BFFIE
o EOARIBEER, MK ACE2 EEASHR TR
REANERNOAINEERER. RISEHREIRER
BEMK ACE2 EERHE IR REME,

Bt MNBE—ROBEENEEREETER v 8
(CKD) 2#E. MRBMBENBEBEZE (KTR) .
fEA MR PR S RN E N ER LMW EH T
80°CHIMIKARI ACE2 BE/EM, NRITES MM EPi#TT

MET, LIFE SITEEEIAY ACE2 XM EE,

R Ll pmol/mL/min JRUMMIK ACE2 JEMEMIHL
. (MONMEHER)
26.1) , M&EEH (n=100) 7992 (39~182) , KTR

(n=80; p<0.01) 7131 (57~219) , EBMEMK
BITEED, ACE2EMR 12.1 (6.8 ~ 19.6) , MLk
N44 25~103) (p<001) o AEEEIWAI ACE2 I

FEESTEMRBNEHREES X[ 7RI 0.04,
95%BEEXIE (95%CI) 0.01 ~0.06, p=0.006], FERM
M, STEREEEY ACE2 M¥GEMS B RUMSARMAER

(B %2039, 95%CI 0.19 ~ 0.60, p < 0.001) o I3
ACE2 SEM ST E T X,

:CKD (n=59) & 159 (84 ~

#5ig: 5 CKD BEMLL, MRBMEBEMIT ACE2 &
MR, SBMMAELL, WEmBERTBEMR ACE2 /&
MR, SNt mRBERTREZEIME ACE2 &%
HARRXECREE, ACE2 FEOMERRTEIFERATER
MHHITR.
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13.

14.

Anguiano L, et al. Circulating Ang Iotensin
converting enzyme 2 activity as a biomarker of
silent atherosclerosis in patients with chronic
kidney disease. Atherosclerosis. 2016; 253:135+43.
https://doi.org/10.1016/j.atherosclerosis.2016.08.03
2 PMID: 27615597.

BE

ESE5RM: B LOERR (CVD) FENEMEE
fE%&® (CKD) BEH, BHME RHKREIRE 2
(ACE2) WEMSAHEBREAR (it HRFENS
M) XK. LbIh, TAEREIBGHREEB L EMHIRA CKD
5 CcvD ZIEMHEBR. B9 TIESEN CKD3-5
HA (CKD3-5) BEMEL ACE2 &M%, ERRMES 2 &

EEIHE. BAERIRGREENN cv BHNENF
REo

Fik: XIS Z A0 NEFRONA IR REEERL
BIOMEEGAY 1458 & CKD3-5 HAZA & #H1T T HIME
MR, DITELIEIF ACE2 FES ESH. M/
ENBXEIREE. HBKREELER. REEH. WEFR
BEE. SHEERTENEE. DMESHMMES 24
MAFLTZENX R,

SR SREBEML, 24 NANRETEMNES
SREL ACE2 EMKTEEER [29.6 (20.6 ~ 47.6)
RFU/uL/h vs. 35.7 (24.5 ~ 56) , p < 0.001], %Ikt
EASMER, Bl REEREREAHITETER
ENBKIRREIELTE XRTE 24 B B HILBHR A X 518 0
S5ES ACE2 EMEMEX, BHE. BEA. BRA.
RMBLATEIF ACE2 AR 24 B ohRGHIFRE
EY R TN A Fo

530 7 CKD3-5 HiREYF, ELRENEIF ACE2 /&
M5B NEERDEREEAEXREX, XFKE
ACE2 AJLUERN CVD ZRIFN cvV REHENZEIRE
o

Soro-Paavonen A, et al. Circulating ACE2 activity is
increased in patients with type 1 diabetes and vascular
complications. J Hypertens. 2012; 30(2):375 + 83.
https://doi.org/10.1097/HJH.0b013¢32834f04b6
PMID: 22179088.



15.

BE

B: MERKERIREE 2 (ACE2) 2 ACE MEEY,
AHCHMERKE (AT) 0 FERFAEHMET K. 1
KRB, B ACE2 SEMTERERFILM,
ACE2 FEASRIBEIBZHRIERRMATER, BIET
BEMTEEERFESRN | B8RSR (TID) BEN
ACE2 JE4BENRE,

Bk HEHF=FERABEH (FinnDiane) FARA, 7E 204
ARENRED, BIRANITENET 859 il TID £
EIEHFHY ACE2 &%, 7£ 319 il TID BEF 114 FIxt
BT T HHIGREN (Ak) NEMRKER D,

#£R: SERERKRNEE (270 £ 05 ngEml, p <
0.05) SXIEBLZA (25.6 + 0.8 ngE/ml, p < 0.05) #BLL, =
B TID MHEEEBMR (302 + 1.5 ngE/ml) WS4
ACE2 JEMIEIN, 7535 ACE M%7 (ACED) SATIVS
ML MBETR, ACE2 JEMEEM, #ESEARE
X, BHWLA (CHD) WBEMMLEBEN ACE2 &
M REEMN (B TID BESBEMNBEZRESHIA
35.5 + 2.5 ngE/ml vs. 27.0 £ 0.5 ngE/ml, p < 0.001) o
ACE2 SEMSIWAEE (s = 0.175, p<0.001) . Alx (s =
0.191, p = 0.010) FORERFIFLEETIE] (s = 0.198, p <
0.001) IEMEX, 554 TID BEMGHITENIRETE
(rs=-0.109, p=0.016) FatA%x,

£530: ACE2 SEMMIME SKEL Mg, £ TID &
EEREHMMERAMERFI SN, XK ACE2 AJAE
ERIMENHIZ S T1D BEMEM SAFIEEFT

Epelman S, et al. Soluble Ang Iotensin-converting
enzyme 2 in human heart failure: relation with
myocardial function and clinical outcomes. J Card
Fail. 2009; 15(7):565+71.https://doi.org/10.1016/j.
cardfail. 2009.01.014 PMID: 19700132.

wE

EE: MERKERFIRE 2 (ACE2) 2ER-NEEK
ZRFNNRERBETH. HREREEREL LN
RIBEERTAY ACE2 (SACE2) . DAINEES IR
LR ZIENXR.

FEMER: RITUET 113 GligMKREELIRIB
(EDOESIMDELVEF] < 35%, ALLENE 11V
%) BER SACE2 &M, ERIMFHTT 2EEBE D

©2020 IMPROVE MEDICAL All Rights Reserved
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HENE., HITFBEMECET 34 £ 17 TAANTRR
IRAREH GET. OEBEMOIRIBER) o sACE2
MEEFLEEESNEEEFAARREEEMB LVEF
(Spearman r = -0.36, p < 0.001) . EANALEKRS
INRERERS (r=0.33, p <0.001) . ESHGITEIEKUL
g8E (r=1035, p=0.002) « EAMNALELFKKHEE
& (r=023, p=0.02) AESHMEK NT-proBNP 7KF
(r=035, p<0.001) o SACE2 5&F5KINREFZISAIIE R
MRV (r =019, p = 0.05) , TEERIDMEFIEERILMED
BB &M sACE2 JEES LS LEREYZ I8
REXFR, X NT-proBNP # LVEF jA%[S, sACE2
FEENEFARIBERSHNBIFMNEF [HR=17
(95%CI, 1.1~2.6) , p=0.018]o

518 M3 sACE2 BEAS S ORI EZE
X, FEERFTRIGKREFHIRILIFUNEF-

Chong CP, et al. N-terminal pro-brain natriuretic
peptide and Ang Iotensin-converting enzyme-2
levels and their association with postoperative
cardiac complications after emergency orthopedic
surgery. Am J Cardiol. 2012; 109(9):1365+73.
https://doi. org/10.1016/j.amjcard.2011.12.032
PMID: 22381157

BE

DIEEYEAREY) N RIS MRA (NT-proBNP) FI1
BERKRFINE 2 (ACE2) ENERFRABERRED
TS A ENMENEREE R ARFHNMTR. FKI1H
RHENZEMREEF AL NT-proBNP 1 ACE-2 EFN
SEBNFABRLHEEGPIIER, NHTERIMIF
ARFHTT AR | ERNNEAOHEHLE (EXARM
OAESE. OO ARIB, DEHFISH™EORK
®) METHREIFRIES 187 BEW > 60 FMEENE

SCERBE | Article Abstract Collection [y 29
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FARHE NT-proBNP #l ACE-2 KF#HITTHM. 7E 187
BIEEP, B 20 F (107%) FLEERREOEHE
fife ERRALSEFETEMN | FHRTERDFN 1.6% (187
BlspEy 3 1) 0 8.6% (187 HIFFEY 16 B) o IFEEE
RAOEEHNEBENARFTIFAGFRA NT-proBNP 7K
FIEFRMERMNEE (386 pg/mL vs. 2273 pg/mL, p <
0.001, 605 pg/mL vs. 4316 pg/mL, p <0.001) o B,

FRALBESE M BENARGHA ACE2 K FEESTRE
Bre&& (253 pmol/mL/min vs. 39.5 pmol/mL/min, p =
0.012) o ARBI NT-proBNP > 741 pg/mL (tb{ELL 4.5,

95%BEXE 13 ~ 152, p=0.017) . REOIAEE
BFE (AL 49, 95%EBEX(E 1.3 ~ 189, p =
0.022) « HEFEHE (LA 1.8, 95%EREXIE 1.2 ~
2.8, p =0.009) TEZLEHMPIIRIZITN T BT
FEME. REIFIARS NT-proBNP KERRIIFN 1 £
DIMEH K, BRI ACE-2 kF, B2, BFAK
HA NT-proBNP AEaIfUNRI2 B8R ABMNERTM 1 F
DIEEH, 1B ACE-2 KFHIEML, EREH—THIH

RHITIIE,

MESERE (1-10)

NEEKE
$—%—-$

[ (1-9) - & &R (1-7)

5=
I |
k.88

MEESKEI

Mas
KIS, # « eNOs, SOD,
ENEEA Catalase T

Maddox TM, et al. Nonobstructive coronary
artery disease and risk of myocardial infarction.
JAMA. 2014; 312(17):1754+63. https://doi.org/10.
1001/jama.2014.14681 PMID: 25369489.

mE

2% WIFEESEIREBER (CAD) BENOE
FREAANZED,

By LEReETIPIEEEN CAD. FBEM CAD #
FTRAE CAD BEZEMOAEE (M) MIETE,

®’it. HEMB5E: 2007 F 10 B ~ 2012 F 9 BTEE

30 A xitisE | Article Abstract Collection

EEAZSDERBRGPEZ DRGSR LR BIFR
BEERMFEANRIMETIERR. HFRTEE CAD
EHHEE,

BRE: MEEY CAD 2B, REEENX (EHE
CAD: & > 20%Ryk%; TFEEM CAD: > 1 % >
20%BTEIRAE > 70%; PEZEEM CAD: EFEEEE > 70%
FAETF [LM] BE > 50%) MH%E (1. 2 5 3 1Rl

',!Eé;) o

FELEENEN: TEERRENE EXERIEHGHE
DIVEEMER—F. RELFHEE | FLERT UK
1 & MIFIFETHA S,

LR L 37674 HIBETP, 8384 HIBE (223%) BE
FHEEE CAD, 20899 fIEE (55.4%) HFAZEM CAD,
—F2ZN, B 845 HIBREET, 385 GIRLABEME
WNBt. TERERE CAD WEEH, | ELBXRZE
0.11% (n = 8, 95%CI, 0.10% ~ 0.20%) , FFZEAMIG
e 1 RMELEEY CAD, 0.24% (n =10, 95%CI,
0.10% ~ 0.40%) ; 2 HRMEFPEE CAD, 0.56% (n =
13, 95%CI, 0.30% ~ 1.00%) ; =R ELEEM
CAD, 0.59% (n = 6, 95%CI, 0.30% ~ 1.30%) ; 11R
MEEEM CAD, 1.18% (n = 101, 95%CI, 1.00% ~
1.40%) ; 2 RIVEFAEM CAD, 2.18% (n = 110,
95%CL, 1.80% ~ 2.60%) ; 3 iRIMESL LM FHEM
CAD, 247% (n = 137, 95%CI, 2.10% ~ 2.90%) o &
®BiE, | £O0FRMSE CAD ZERINMmIEM, 84T
TEE CAD NEHE, BE | RMEIEFEZEM CAD WE
£ 1 £ Ml WEKREE (HR) A 2.0 (95%CI, 0.8 ~
5.1) ; 2 IRIVEIEFEEM HR A 4.6 (95%CI, 2.0 ~
10.5) ; 3 RMEIEFEEME HR 7 4.5 (95%CI, 1.6
125) ; 1 RMEEREME HR A 9.0 (95%CI, 4.2
19.0) ; 2 WRMEPEEM HR A 16.5 (95%CI, 8.1
33.7) ; 3 RMESK LM FEEM HR 53 19.5 (95%CIL,
9.9 ~ 382) o | FTES CAD REMEMEX, B
EMEBE CAD £EM 1.38%FF 3 RIEK LM B
EEM CAD B9 430%, NPQIAEES, 1 1Rsk 2 iRMMBEIFFE
EM CAD S5HUXZELEEMEXE, B 3 RMEIF
PFEZEM CAD 53T =X (HR, 1.6; 95%CI, 1.1 ~
25) « 1 RMEBEEM CAD 5% TX (HR, 1.9;
95%CI, 1.4 ~ 2.6) . 2 RIMEPEEM CAD 5T FH
(HR, 2.8; 95%CI, 2.1 ~ 3.7) 3 RMER LM FAE
% CAD 53ET-F (HR, 3.4; 95%CI, 2.6 ~ 44) 9F
BEMEXM, BEEFBERHEBMIIREE,

l

1

1



18.

LCMEX MY EXARSTREENESEP, I
FHEEME CAD 5FBAE CAD #8Lt, 1 & MI Xfefl£R
BB EWI, XLELIKRAIEEEY CAD BIRRK
BEMY, HELBER—SHRATFIERUNEXLERE
=REI=E

Anguiano L, et al. Circulating Ang Iotensin-
converting enzyme 2 activity in patients with
chronic kidney disease without previous history of
cardiovascular disease. Nephrol Dial Transplant.
2015;30(7):1176+85.https://doi.org/10.1093/ndt/gfv
025 PMID:25813276.

wmE

EE: BALIE (CV) BRNEEEEASHEFL
ERKREINEE 2 (ACE2) &%, BEXTFX CV HEE
M SRR (CKD) &% ACE2 THMEERD,
BIMET 3-5 & (CKD3-5) By CKD BEFEHE CV
JREREM (CKDSD) BEREIF ACE2 &%,

7575 7E NEFRONA HARH (n = 2572) , #7348
28 (CONT) (n = 568) . CKD3-5 (n = 1458)
CKD5D (n = 546) BWZZRRIHZER (EDTA) MR
FEEIR ACE2 &M, 27T FRMIERMDTES,
BIENMER. Fe. PERA. MiEREMENERSE. [
YE. BRE. BBEMRIURN. %4 R D HUWPETR
EZyafr (&R KEEFRENEIFIFAMLE B KREZAE
FEHF) o EERERAEMIANET EDTA MR
SafEIRRRY ACE2 #1 ACE &M, WNFITEMRERT
MANSFEUREESEE,

#5585 CONT #8tb, CKD3-5 #1 CKD5D HHIfEIR
ACE2 FMHEEERR. BREHRTRITHGIXTEHR
BY, CKD3-5 #l CKD5 ZiE&BAMER. BELTE

©2020 IMPROVE MEDICAL All Rights Reserved
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MEIDT, FEFBAETR, BENSREREN ACE2
EMERNIRTZTNEF. ERFERBEN CKD3-5 H
ACE2 JEMRYIRIFNEF. 5 CONT #8tk, CKD3-5
1 CKDsD H{EIF ACE JEMEZEIZI; 5 CKD3-5 48
kb, CKDSD H{&IF ACE SEMZEIEM, BT %73
D, TIEFRFERWIHE/ CONT 1 CKD3-5 1 ACE
SEMEAIRT TR Fo MBFRFHEIRE N CKD3-5 BE
ACE ARV FUNE Fo

£510: AITEA EDTA ME#SPHRINEURSEE
M, SAEMEMREIF ACE2 #l ACE BiE. 8B CV K
S8y CKD AZ#H, REA EDTA M3RHFRMY ACE2 /&
M5Z8 cV EREREFEX, BIEE. BRFENSB
Mo FATEIERIA, 78 CV BHNKRA CKD EBF
FR{EIF ACE2 KFERETERT,

Soler MJ, et al. Circulating Ang Iotensin
converting enzyme 2 activity in kidney
transplantation: a longitudinal pilot study.
Nephron Clin Pract. 2012; 121(3+4):¢c144+50.
https://doi.org/10.1159/000345508 PMID:23257682.

BE

ER/EN: IEEKRFIRE 2 (ACE2) BH—BA
B9 ACE JEMEREIRY, AIEMmEEKE (Ang) 11 F Ang
I DRIFEEE) Ang (1-7) 1 Ang (1-9) o HARBER
ACE2 1E&#%HE (KT) HHEM. RITMENREZ
KT BEREIF ACE2 &%, LURINE ACE2 &HS KT
BENER. 5. BEYIIENONERRATEYZ
BB FRo

Bk ZIEMEMREIE 113 & KT BE, tiniE
MIThEERRE . ERRICNEETETEIF ACE2 &%,

#R: 5LEROMEOIRN KT B&EL, T2EH
M OBRR KT BEPRNEITER ACE2 &,
BXFEFZF (1059 £ 87 RFU/ul/h vs. 97.1 + 7.05
RFU/ulh, p < 0.05) . 5Z %L, B% KT F8
ACE2 SEMIEI (1052 £ 9.1 RFU/ul/h vs. 84.7 £ 69
RFU/ul/h, p = 0.05) o ACE2 SEMSMIENE (r =
0.27) . IERE =029 . Fe =024) . XE
SREREE (r=039) . REREEE (r=048) . v
BEMEBLEE (-GT) (r=052) « FfE ¢ =024)
FREUMAER (= 0.19) BREEX (p < 0.05)
B ZTEADH, Fid. ENENLE v-GT 2
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7B ACE2 JEMBVIRI FUNEAF (r=0.66, p<0.001) o

£i0: KT BEDWREIR ACE2 SEERAINERN, HE
5%, BERENFIESBERAX, XERAX
B9, M ACE2 RONERBE—IEHRAMREY, UL
TE KT BEBHR-IEZXKERRNER.

Ortiz-Perez JT, et al. Role of circulating Ang
Iotensin converting enzyme 2 in left ventricular
remodeling following myocardial infarction: a
prospective controlled study. PLoS ONE. 2013;
8(4):€61695.https://doi.org/10.1371/journal.pone.0
061695 PMID:23630610.

BE

MERKERIREE 2 (ACE2) BMERKE 1 @A
MEEKE (1-7) , EER—MOMERIP, 2L
HEIBF, MERAY ACE2 (sACE2) SEMFAS, 12
THFEONEREEEMEER. BRINWENEMRR
ST #EEOAESE (STEMI) [5HY sACE2 JEIE. 1835E
ERR. ELERENEEMEEZRNXR. 7F 95 FI4)
& STEMI RYEBREFHITT — NS L1858 O fE i SR
R, HE 6 TANESHT, WNELESFHKKRABTR
B¥. IO HAETEER, KAREE 24 /NEHE 48
INBTFINBRSE 7 RIBS B AN 9B L sACE2 SEME
5 22 NEESTRPNSAEERITILR. BEEEL
B E R sACE2 B FXTERLE [1044 (874 ~ 134.8)
RFU/ulhr vs. 749 (628 ~ 87.5) RFU/ulhr, p <
0.001]c £5 7 K, sACE2 JEMIRELTSEEMN [115.5
(92.9 ~ 168.6) RFU/pl/hr, p <0.01]o MZE2E| SACE2 5&
MEIMNELNNoHRZEEREX (D38« = -
0.519, p < 0.001; r = -0453, p = 0.001) o It5h,
SACE2 5#FSEEmREEEX (r = 0373, p < 0.001) »
ESEEFR [B = -0.470 (95%CI, -0.691 ~ -0.248) , p <
0.001] #0 7 KBYHI sACE2 [B = -0.025 (95%CI, -0.048 ~

32 I[N xitisE | Article Abstract Collection

21.

-0.002) , p=0.030] EREHT M2 EEVIRIIFUNEF-
LIS sSACE2 WEBEEEBEMARNAERIEMNT
4415 (95%BEXE: 13~152, p=0.027) - BZ,
M5E sACE2 SEMSEIEEM. L OEWBINEERBE
X, HESAELEBENAREE X,

Bangalore S, et al. Renin Ang Iotensin system
inhibitors for patients with stable coronary artery
disease without heart failure: systematic review
and metaanalysis of randomized trials. BMJ. 2017;

356:j4. https://doi.org/10.1136/bmj.j4

PMID:28104622.
BE
B8y SESIRALRFIEL, mRTEERNER

KERGIHEF (RAS) WFRONRBIEHEE
BT

®it: BENILBRMEZED .

IRFR: EE 2016 £ 5 B 1 HEY PubMed. EMBASE
#1 CENTRAL iR,

EEMANERITE: EREOIRE (EXHELE
STME > 40%ER B IRKRO/IRIEB) NREDLHRE
E#HITH RASI BENLIRLE, HESRRFSHEITRA
b SMHBEHBIIBEED 100 FROFTRIBHE
REE, HEDWET 1| F. NRAREEITHLIRT
% SRR ERHNH 7 5 M & R KRR AR B
B, WHRzfz. ERELT. LMERXT. OIE
B, OBE. BR OAORIB. MIEEE. BRENE
FRR RS,

#3824 MRAW, BIF 198275 BEMIHE. SREF
ML, RASI BRETHERESBMETE (HbX
0.84, 95%BEX8] 0.72 ~0.98) « DIMEEBHIFETE
(074 059 ~ 094) . LALEE (0.82. 076 ~
0.88) « X (0.79. 0.70 ~ 0.89) . D&JE. DIIFEIB
MEERE, B5EWRAMLNEEER FER
REFETEHN 1.05, 094 ~ 1.17, ZXEERA p = 0.006; 1L
MEERIFETE 1.08, 093 ~ 125, XEEA p <
0.001; DAAEZE 0.99, 087 ~1.12, XEEA p=0.01;
X, 1.10, 093 ~1.31; RE{EA p=0.002) , Bayesian
EADHRE, SREFEL, RASI MFAEREELT
EMOMEFRRIETENEMBRFNRECNLE
=, Hlt, RASi NEEERESWREHLEENAL



22.

AR (81000 FIEREEIRTER > 14.10 I, MEIE
T8 > 7.65 ) , TITEISHIEME R ERBRAIRIE N
‘AT, )

#iL: AREMNTONRBENERBIEREESD,
RASI NESTEFELLI A BER DM ERFMFET
B9{ER, M5 EshxRAMRLLNNRE, BMEEXTER
RREFIITERINIEP, RASI WRFBEEHIMEX
BEAREXRRSNRRD, MENREFRERRK
BRIt R B mat, IEEHRARSIRF RASI RFHEME

B3I
(aszer
* 3

L] '...mﬂnmmnmr}' Cytokines
LI

s

SM22aw aSMA. Smootbelin L VSMCs Diﬂr!enli:liunI

Contracti ive VSMCs Ostengenic VSMCy

Osteoprosis ++ Arterial Calcification
‘I{nrrali \IIntraLT
1

Sluimer JC, et al. Ang Iotensin-converting enzyme 2

(ACE2) expression and activity in human carotid

atherosclerotic lesions. J Pathol. 2008; 215(3):273£9.

https://doi.org/10.1002/path.2357 PMID: 18498093.

HE

MERKRLIRE (ACE) 2 RRELMH ACE BF
Yo BT ACE2 BeE{RahRICRIFRE(LAVME B3KE 11 5k
&, EILERITHEN ACE2 RIRETERhRKSHIEEREL PR RIP
EH. FADFHERY (RUFRR. RBARNKF) H
AT ACE2 mRNA MIEREABREPHRNEEMURS
ENBKSREETE LRI BE R BR. F4b, RREEDITEART
ACE: ACE2 B, ACE2 mRNA 7ERERFNBEHEAARN
BKSERERELRE P RIA, I, ACE2 ZERBEETA
ROBRRK. SR S50 A 2L AR 5h RN mh Bk 515 1 78 1k B9 SR 5 ik
, HERRYE. FRNAmNERgmrRE. %
BERNMHEESRA, EMAREBLHEN
E¥, ACE #l ACE2 ERIMEENRABM. 52K
HOMRGRIFRELRTALL, R ERIBEEA SRR IR
WHRTHMREIN ACE2 EHEGHREN, BEER
1o XLELERRIATTHPIBHEFE ML RIER ACE2
EENERET, ARAXMHUNER-DESKER
4293 F Pl R TE BIRKSR RERB (L Y R RN B R AE A,

©2020 IMPROVE MEDICAL All Rights Reserved
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Zulli A, et al. Immunolocalization of ACE2 and
AT2 receptors in rabbit atherosclerotic plaques. J
Histochem Cytochem. 2006; 54(2):147+50.
https://doi.org/10.1369/jhc.5C6782.2005 PMID:
16116029.

BE

EiHERA, MBERKE 2 B%E (AT2R) MmMEE
WERILILES 2 (ACE2) TERNBIGHRIERELAEFRIFTER,
R TEREIBICHIE BB R R PIX LR R, HKITHE
HNRERTIBKFIFEWALPEN ACE2 f1 AT2R, H
HEMLEMMERBRAXLER T, FH=KEAREE
RIRE 0.5%BEEIRE (n=28/40) , FE 12, &
BAMEMN ACE2. AT2R. RAM 11 (BFIRFIERL
) o ZBAAMRAEIER (alphaSMC) ik, WA
BEE I E RO TE S R Ff T R B AR L FL
1B, DEETBNABMAMNFLEAR, ATR &R
F%, WA ACE2 BRI, BEFETTESER
MEENNEAMRT, B2, AT2R M ACE2 &R
MIE R EE T E S M NEN R B BRI A K
Aprh, EYEBIAN, 7£EYRAMA oSMC AzhE BN
AREPIITNERE] AT2R 1 ACE2 RERMN . ESTH
NWIRERT, KZSHAMEIH ACE2-M AT2R [t E
WRARAAN alphaSMC AENZE F FRMEARIIE ChRKSHIERE(Y
BItRARF=4 ACE2 F1 AT2R. HREXLERRIEITHITNMK
SRR LRI ER B R —F AR,

Dong B, et al. Overexpression of ACE2 enhances
plaque stability in a rabbit model of
atherosclerosis. Arterioscler Thromb Vasc Biol.
2008;28(7):1270+6.https://doi.org/10.1161/ATVBA
HA.108.164715 PMID: 18403726.

BE

B8 AARMBEMNZRIELITRIE: ACE2 FRIAR
WSFE ACE EEHRBMERKE 1 HHEHMmERK
2 1-7 RIEREHRIGRIF L BERAVIR TE 1o

BESER: WERGRBEIBCHEBLIRER 114 R
KRR EBEHRGREBUBIR, BEBTHINES 4
B A BFN%E 12 A B AT, SEARMINS N
3AEH, DAMNERTENA ACE2 REHK
(AdACE2) . SHHBEH{A AJEGFP MIMEBERKE 17 F
BT AJACE2+AT79, MEE 4 BEIRIE 8 A, BEB
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25.

ACE2 W EREFTE T HRENHE, ERERESE 12
BZI%E 16 BERA/N#EE. 5 AJEGFP Y4AMELL,
AJACE2 TEAMBIRALHRRERSEER, JRR
EMBNES, MBEZRKE 1 KPREME, NESKS -
7 KEASF

8. ACE2 SR ASHEPKIBIFIEUIBRIBE, H
MEIEIgE= M EW B M E £KER 1 Ml ERPIEmE
BKE 1-7 HEK,

Zhang C, et al. Ang Iotensin-converting enzyme 2
attenuates atherosclerotic lesions by targeting
vascular cells. Proc Natl Acad Sci U S A. 2010; 107
(36):15886+91.https://doi.org/10.1073/pnas.100125
3107 PMID: 20798044.

H/E

MEXRKEREIMRE 2 (ACE2) 2HAMM ACE BR
¥, HIEASMERKE 1 (Ang 1) MERER. B
2, ¥ ACE2 B3I RHARIBKERE LRI BTEN
PR ZE LD, EXE, BIEEIMERHER,
ACE2 B3 iEImEFBAAME (VSMC) MIEKHK
ENRIhRERINGI R E BB R TN R R, T—
TR R ABIEHIBATIFAR (66 R%R) H, Ad-ACE2
R0 RhBKER BR HPA B MRS R S AURSS, FTA
IRERASANA RIS RNRE, BHERTE
ZARBEUER 1. REERHFEUNEEEREERH
| FUBFERIARAZIRBIRIAMEE, M SRR
BURTWIER L. THMRKFEL, ACE2 BEZRET
Ang 11 BSWABERKNE A VSMC B4 KT
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26.

%o ACE2 HIMENRKSHBEERELIERIS R T8 ERK-p38.
JAK-STAT #0 Ang II-ROS-NF-kappaB 5 5@, 3H_Eid
PI3K-Akt B, XLLERIMIBRT ACE2 FITRIBKAGHE
WIEEND FHE, HREBET ACE2 RILURTHRKSREE
IR AT I%E,

Zhao X, et al. Gene silencing of TACE enhances
plaque stability and improves vascular remodeling
in a rabbit model of atherosclerosis. Sci Rep. 2015;
5:17939. https://doi.org/10.1038/srep17939 PMID:
26655882.

HE

BINEERBUTRIE: ERIBGBEFELERD, it
BIFEET o FiRES (TACE) WMERMBAIAER MR
REREMRRMNME S, HERMRREE. ¥ig
RS TS0 TACE shRNA 5T I RAVAR EEhRKBIERA,
MEE 8 BEIE 16 ABMMTIAT TACE RiXFEM,
TACE ERFETEAIFEELIEHABER AR, HEHLE
RSS2, RGN BANZRREF ERIBKBIR
FHREEANEE, 5, TACE BERTEBATIMGS
P65. iNOS. ICAM-1. VEGF #l Fit-1 HIBERZREUR
MMP9 #l MMP2 BY;EME, [EIBTIEIN TGF-B1 MBEZpREA
B ERKPIFMERE, TACE shRNA LIESEH
TACE 7 ERAMEPHIRETIE. ERK-P38 BEER{LTHML
AR HEHEF R/ R I B B AN AR AR S0 A B a2 Bk P R 4R
MMEF K. S, TACE HERTEIEE T HIRRE
MHBET MERMES, ZYEIRTRES KB AIEN
W FMEREMN MMP (&L, URAIEEEE T
ERK-NF-«B #1_Ei TGF-B1 {55 @EERIGINREEZHM
=4,



27.

28.

Burrell LM, et al. The ACE2 gene: its potential as
a functional candidate for cardiovascular disease.

Clin Sci (Lond). 2013; 124(2):65+76.
BHE

RAS (BR-MEBEEKERS) 7 CVD (LIBEHER)

HRIBLIEREEESEM, M RAS FEFHEME CVD B
BT AT RS, MEEMFE RAS HWIHTEHE,

Hrh ACE (MERKERIEIREE) 2 FAREH RAS B9E
BEWN DT Ang (MEEKE) 1, H~4E Ang- (1-
7) o 1E CVD MYRIOAREIF, 2HTHY ACE2 RiAS O
MMEEHBX, FE ACE2 EEIBMNACIEMEIRKH
EBYMERHE. TAL, BIFPH ACE2 JEMRET
DR RO IRIBTGHN, M3 ACE2 KFMRAR—IB
PDEWEARTFEERE. ACE2 EREMT Xp22 F
BiF, AXLZRT ACE2 BERTRS CVD #HXMIE
1B, HMART TR T ERRANE RIFENBIETIIE
M ACE2 BERANER, ESHLENMREZRAET
ACE2 ERASEME. £ OERAMERENBKEFRIE
x4, BERT—H. ERVRERMTHRANERES.

SR BRI MR, OMERERFIARK ACE2 &
ZEREZEN. NRBIEEL, £EMBRINASHMER
R REAFRIE R, £S5 AL, FEEMRALUEN
& ACE2 HEREZSMMIEIF ACE2 &Y, BYREH
TIFANAHEIRRA, UEARMER ACE2 £
CVD HHVETEIER.

Yang W, et al. Association study of ACE2 (Ang
Iotensin I-converting enzyme 2) gene
polymorphisms with coronary heart disease and
myocardial infarction in a Chinese Han

population. Clin Sci (Colch). 2006; 111(5):333+40.
R"E

LERREA, ACE2 (IMEBRKEK [ #HiRFE 2) AIRER O
BEERFNRIPEER. BF, TAL#TTLEH
Ro XEERANHATT —DURGIXNEBIHFR, UHAR
ACE2 %&M5 cHD (EOv&) M ML (DRVEE)
*%H, #@id PCR-RFLP (RHEIMAEBKEZEM) BEA
STFREAZ#H 811 5l CHD BE (HA 508 A MI 2
&) 905 RIEEIERE ACE2 ERN=2ZERZ
M (1075A/G. 8790A/G 1 16854G/C) HITERES
B, ZBMREPTEERN (2=0.854~0.973) « AR
ACE2 BERE X RBAE, FRLURMRITT O &

©2020 IMPROVE MEDICAL All Rights Reserved
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ZHRMERG, RENEERE, RUES M1 BHEX
H98H 1075A/G (p = 0.026; LL{ELEL = 1.98) #0
16854G/C (p = 0.028; tbfELL = 1.97) » EEMZHE
B, BERNFAMHEEER (AAG 1 GGC) . SRELMNSE
B8 AAG L, ERMBENBEZINED, PEE
GGC 5 1.76 BEREORRERMEMERX [95%Cl (BEKX
i8) 1.15 ~ 2.69; p = 0.007]; FERETHERZENER
T, 5 1.77 &89 MI RBEAERX (95%CI, 1.12 ~ 2.81; p
=0.015) o BZ, AHRLERKA, ACE2 £2ANERL
BETROESEMEIEN M, HAESTUEREE
., MmfmAES 4R CHD A MI X,

Palmer BR, et al. Ang Iotensin-converting enzyme
2 A1075G polymorphism is associated with
survival in an acute coronary syndromes cohort.
Am Heart J. 2008; 156(4):752+8.
https://doi.org/10.1016/j.ahj.2008.06.013 PMID:
18926157.

BE

BR EAANARPENMUIT X REF ENMERK
RIS 2 (ACE2) MWERZEUSSNENALER
AR, FATMAT —FiRIE, BN ACE2 BERZEMER
FERFUERSSMBRFBEGEE (ACS) BHRE
ENERERNTREREX,

Bk BENRERE ACS EHMEE (h=1042) ,
FETIE RKELHREE 2 BEN A1075G SEME#HIT
BEEDE, £ 2.19 FHbEASD, M TIZEET
SYESELNE. BEONENEMIRKRERBIEX
. BT ACE2 BERZE X EHIH, Htn5Isd5 iz
MHITT D, BEZERRONATR (90.1%) -

#£R: ZMTERIER, Al075 FUERSBEEEN
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30.

FHTEREERX (BRLL 1.95, 95%CI 1.10 ~ 3.46, p =
0.047) , ERERENUERFEX (Bt 1.14,
95%CI 0.736 ~ 1.76, p = 0.56) » SKUMIMZAELL, £
FMAEED G1075 (p < 0.035) FMNERENSIM,
A1075 BB A OEEFKINEEM TR ENBE OEIE
iR EERE (G FAUEEA 105 [95%CI 10.0 ~
11.0], A EFAEFALH 114 [95%CI 108 ~ 12.1]1 ], p =
0.024) o A1075 BERBESHEMHEHFXREEEX ET
F: A12.8%, n=39; G29.2%, n=48; p=10.037) ,
BIER#ES p BEEBFIETULEXE GErx:
A 13.5%, n=273; G82%, n=304, p= EBX) o

it A1075 FUERSEHTERBEENSIEEERL
TEEX,

Patel SK, et al. From gene to protein-experimental
and clinical studies of ACE2 in blood pressure
control and arterial hypertension. Front Physiol.
2014; 5:227. https://doi.org/10.3389/fphys.2014.
00227 PMID: 25009501.

B/E

ENEZFRR. BREEKESF. ORMNERNEIERR
HE, HEBR-MEZKRRL (RAS) THAFNNIE

36 I[N xitisE | Article Abstract Collection

PREEER. £ RAS 1, MBEEKEZKE

(ACE) ¥MmEBEKR (Ang) 1 B AMEWRLET Ang
I, FE—1RAS K “BR” &, HF ACE2 BT EAE
Ang I FIERMMEY KF Angl-7 RIELHLZ 8 RAS BIME
FHo ACE2 E0E. MEMBEREABERZE, ACE2 HY
RESMEEME SRR ERTE, S8 ACE2 HNTEIF,
ACE2 EEMH I =MEFERNERERRF X &
R RV EERERE, R\ ACE2 FJRERBMERE
wERE, RI&ALH ACE/ACE2 FENKIF2SKINE
WM, M ACE2 RAKIGMAIRHLEMEARS, T
ACE2 RZRSHEME, XRESMNERREZNE
T OBESE SRR/ MR ACE2, HiRES ACE2 RYER
KFMH2SBEME, M ACE2 RIS MLE
A%, FEILEIN ACE2 FIRER AXBMESEHPE
JTIET, £ ACE2 EREIRKF L35 ME B &R
RAEMRD, EREZINENME ACE2 SEMHRIK, BR
BLMERKRARIOMERRNEEME ACE2 JEXE
KE. BEFMREET ACE2 ERZSMSSMES
MEZEMXRFR, HEHTFA—BNEL, XRFAR
BT XRTFEREBEESMERER S ACE2 BIEHE, UKREF
ACE2 JEMH ACE2 £XMS5 ANMEMIRKELEZ
EHIX Fo
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FHERE—RMRILE, MREET 10 RENMEIHTIRES, BdaiEEMRARENE cCAD BF MR ACE2 KFMEESEER
ROMESHZBRIKEL, RABEZEME CAD BEASHIMEK ACE2 EEZE MACE BRI FUNEF.

MR M ERKRZHRE 2 ASREEEERDRRBETEFROME
SHRHIFNEREF

BE

HE: MBESKELWE 2 (ACE2) EBZMEBELKRZANRNBEMERTH . BIF+T ACE2 MEMAFNL RS (HF)
BENARG, EBHFABEEEERAKER (CAD) BEME S ACE2 FHENASEETIMNEFERRLINES
% (MACE) ,

FiE RITAREBETHEEN CAD £2E (EXNEBANEBREBER £, EXERBRE > 50%M/8 > 1 FHi
FEOIEMERE > 70%) , FMETMRE ACE2 SEM. WEEHTHITUREREFRTH ACE2 FUHKFEEEAMM
MACE HEBL S (LIMEHRMFEFLT. HF HOAEE) .

R RINBET 79 GIBESREIBERE S, M3 ACE2 SEMMBAIE (IQR) 79 29.3 pmol/mL/min [21.2 ~ 41.2]c £
I 10.5 5 [9.6 ~ 10.8 ] KIREF, 46%HBELET MACE (36 MEMH) o 7E Kaplan-Meier DHFH, & TFHAIEK
Mm% ACE2 &5 MACE (X#H#RIK, p = 0.035) MOL=EMERE (p = 0.01) BEBEHEXM. F Cox ZLT=AEE, log
ACE2 SEM{H2 MACE [BFLtt (HR) 2.4, 95%BEXIE (CI) 1.24 ~ 4.72, p = 0.009] # HF {¥fx (HR: 4.03, 95%CI:
1.42 ~11.5, p=0.009) BYIRIZFNEF,

2530 MR ACE2 JEMMIIIEIN T EEY CAD BEKHFARLMELE BN,
R4 : PLOS ONE | https://doi.org/10.1371/journal.pone.0198144 June 13, 2018
#EZ& . Ramchand J, et al.

5l= JEETF o HE (TACE) BERMAREXERETR, ¥
K EBRAEENRIMNEEBRERBBEIF R EALD
B, ACE2 BRI FHERNART, WEEFIBHERE
R RKE R, EREMESR, EIFPE ACE2 &
KPR, BELMOERHBIEFTOIRE (HF)
U LEEED (AF) U2 BREEEISA 1 BB REIIE
REEFEAS, €5R1E, XFEF ACE2 EMKFEHNM

DME (CV) ERBLRAATHEERRAY, #8
55 mMEEKERS (RAS) BIEUEE X, £ RAS H1,
MEERKRENE (ACE) BMERKE (Ang) 1 HkH
MEWEFIFIRBGRIEBILAL Ang 1P, T ACE2 MIZ
RAS BYPRRMEIDEIR, HEZBEEST Ang 11 MR A I
ERL, DEEMMERERIE ACE2Y, ACE2 @i pEiR

38 [&) x#kisiE | Featured Article



EEENRERNEEREEFE. W, BN ACE2
SEMRTINOAREBNFAR CV &R, BHRETNR
LERFAGREHZFELEREFREENTR CV
#ZREEY, XEESTTRRIRT EEARE. BEAHNNE
O I E R X SRR EHKE, ARRHNENZEX
KZMBEERIELAEEY CAD WEEBEII+ZENRE
B, BEEMRT ACE2 EEKTIN CV EHFHER.

MR E

AIBEMESFRAT 18 $H. F 2004 £ 11 BE 2006 F
1 BRIEWEIZE=ROME R OHITREIREIBE G E LA
EAIEE CAD WELEE, REHLEEREMEE CAD M
BESEEEBNERR. WRERE. BEFEROEOIE
5. RMEFEFEOLEFMAE < 30%0 BEWHBRTEIN
PRRBREARYTTALBRARCEZRMHE, ZMRT
A (FREEES) . FIEEEEET PEMNBRR,

T —HRENETRE, HE5ERNRHHITT Z
x$; WET MEHH#TT AMENE, BB eIIREIRkERAR
BOMLTE I, FRZEM CAD RE X NAETEREBIIRE > 50%
/R > | FEMIBOIMEBIREIRKIE > 70%!"; RIS
RHFRE. ERFEEGTRETAHTEME >7 mmol/L
LR RRYIZ T, S0SRSTATH EE M2 MR/ S HaETE
EERNENERY, WEXNBME; MRSTRIHEMHH
S/ Y FIEEERRESR, WEXNMERE; T2
a1 12 ™ AERANE XA TRIE.

NBRETUREE =R I AE, LUNEBTHhAE. AERTA O AALES R
Ho Access AccuTnl FE % (Beckman-Coulter, Chaska,
MN, USA) BFNEmRONANBERNE 99 B,
MBEEABNSEERN 0.04 pg/Lo AHRFLAANESEBK
F>0.04 pg/L (599 BOMUE) NEENFE.

F 3R ACE2 RUNE, 7ERLIZ/ERY 48 /\BYPORIMIRUL

©2020 IMPROVE MEDICAL All Rights Reserved
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EIFERERAER, FHE 4°CLL 3000 rpm BIREE MR 10
DERIRBMNE, HEEFET-80C FTEEHTIIR, EUREFR
BEHEREHN 2 ERNEMIE ACE2 5E. MHAETOH, H
7£ 2 REVBYEIRIHAT ACE2 731, EREZWIERN. SURHYE
TR A BB A5 A ME ACE2 BELIEMES, (&
B2, BmEK (025 mL) BEINEEBFREEZHR (20
mmol/L Tris-HCl, pH 6.5) 1, HMBIEXRT ACE2 jEHN
JBCME 30 &I 5 A9 2000l ANXSepharose 4 Fast-Flow 1t B
(Amersham Biosciences, GE Healthcare, Uppsala, Sweden)
0, SEEHEARE, MEMSHKMKN ACE2 BIENE. ¥
SRS ACE2 RMIENNLRY—EEE, 88RR
B8 100 mM ZZRIOZE, BES5HRRAEER 4887
BEETZE (MCA; Sigma, MO, USA) BYIRAERRLLLLIR, 3K
HBERMBTIERE, HRRARBEYomole/mL M
/mino HEAFIHLIEZE BRI F79 5.6%H 11.8%0

FEAQRIFEFRROMEEHS (MACE) WES, EXH
CV X HF RS OMEE MD) , RELRRORE
B 1RIE 2014 FEEOMEFR/ZEOEDERXTFIRKIXE
OV BEEN, SMESRHTTIHRIICY FEEME X ZH
FOREREE. DR 208, ROER cv Hi.
CV FAFHEM v RAMSHRIELT, BIFSETETRiEs!
FRISEL, BABRENER cV RRE, FIMNmigE; 0
RIBEIRE XN BENREIADS ISH A0 IRIB, EirEEE
DA 24 INEY, HAIEIEE HIFNSE AR OARIBER, B
EMHESBUTHSEARNOIRIE, HFESTHINOIRIB
BOSRILRT; IRIBREEINE, BOAEEEX N ST ek
R3E ST S RO AUEFERIIEARIZ#TE02N,

HARFENTABMTARBIFERHHSEIEE
FM/EEEN SR EERR RNE S5 B REEIRKE .

fEF STATA, hRZs 14.2 (Statacorp, College Station,
TX, USA) #HTHRITFEDN. AYNEIIREERTESHHE

k&L | Featured Article [8)] 39
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BESTE; APUBMMEOMIEEE (IQR) RREESS
mEIE (M3 ACE2 &M, Hm=F. OHANSERME/NK
JEEE) , At }IOTY Mann Whitney U 1038 (H3IIFIEDS S
WEIE) HMES TAET MK ACE2 EHEMNEE 2 EEST
BHER. LUHHRMBSWRTDETE, HEM Fisher
I EHRILHITILIR. Z7ElTD A TFHERTAERII
N3k ACE2 JEMME R, MK ACE2 &%, OAABERK
FA G/ NIRRT ERERMDRMRA B ANBEIR D, &
HEMOETEMND AN Q-Q FE, AILBRIBESHS
o

T Kaplan Meier 757%(f1T MACE MRMAKER, A
R IITEMR P ACE2 FEETNE FHRASEREZE
HWER, MREMIFRABENS MR, NERE—BHH
BB E AT MACE 24, Cox thlMiRE AF kit
MACE BEZEXEEL (HR) 1 95%EEXE (CD) . B8
TENMHPNEETE (p <0.1) BNIRENZTEEAHL

40 [<) ik#EiE | Featured Article

T MACE BYIFUNEFo BR log ACE2 LASh, EEREM
WMELE, SEFER. BRFEE. log DAASEBURE
ST, pSFRREFI. ACE %173k B KK E AR
HITHATT. WEpE <0.05 WIANEAEEEER .

%

BRIMBET 79 HISMEESRIEENEEME CAD B
&, ®/BKRIFEE, PUMEAEN 106 F (IQR 9.6 ~ 10.9
F) o ® | HHTHRABNIRRMENHE. ZAFIEHE
65%MIB M, FRIYEESD A 66 + 12%, BMI /274 + 44
kg/m?, BENOMERKRS, HP 9O%NWABRIEE, M
A CAD HIRSEN A 66%, MAEREHILLEIN 60%, mIMER
EbBI 82%, MEFRIBHILLGIA 24%, BEAILLGIA 11%. &t
PRIEEHITHAYARTMES, 8§ S9%ERERNERKER
HIRESIEIF (ACED) HMEZKEZMAHMEEFN (ARB) ,
S8%IETEFE A p-ZIRMAER, % IEEFERMTRAY,
100%E7E {5 AR &) FLAks



ST EHAEMSMERIBXESIE (ACS) [n = 24, i
#4 31.7 pmol/mL/min (IQR 5.6 ~ 43.9) ] 53F ST ERIEEM
ACS #£#E& [n=27, HfiI%k 29.1 pmol/mL/min (IQR 23.1 ~
464) 1 URBEBRLZBEEE [n = 28, Pk 267
pmol/mL/min (IQR 18.7 ~ 39.8) , p = 0.386] Z @M IM¥HE
ACE2 KFEEESR, FAULISEANATIHITT H—FHD o

BANFIRBIFRMIE ACE2 KFHR 29.3 pmol/mL/min
[IQR 212 ~ 41.2], 1RAEMKPEF/RF UL ACE2 /KFHY
ACE2 SEMSTBEHRTHL, MK ACE2 FESTHUHNE
EFOREBUHEBEET KR 1, & p < 005) . #HTT
ZEANLERREIMMEE ACE2 FENT R, BUERES
ACE2 JEMHM—RIIFINEF (p = 0.022) o B4R CAD
MOERREREAR (BFEMERE. SME. FERFFRE)

1A

0.50 0.75 1.00
1 1 1

Survival Probability

0.25
1
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BIERERIYBIX, LVEF < 50%. FERAY). REZEREAE
ElEEkF. Hh=BKF. BIHEEMOANASE QKT
A (FFE p>0.05) o

EREIRHAIE], B 18 FITET, 19 HIOAAESEH 16 5 HF
{FFt. MACE IEELSIEMRE CV SLTXS5 HF Fxa MI
NEELER, RETE6CHIBEH (46%) -

SR ACE2 KEMLL, SFHRUHKTEH
ACE2 (> 29.3 pmol/mL/min) 5%% MACE (XIEh#iL, p
= 0.035; B 1A) FMO=EMER (@ = 001; B I1B) WAEXE
EM%, MCVIET (p=0.195 FMI (p=035) BEER
SEREUER, ENEERHEENLAS TR, RIB
ACE2 MY IHUKTE, MACE WEEENEEEMER (@ =
0.124) o

Plasma ACE2 s Median

Plasma ACE2 > Median

Log-rank test, P = 0.035

0 3 6 9 12
Time (years)
Number at risk
Plasma ACE2 < Median 39 32 28 23
Plasma ACE2 > Median 40 30 23 17
O
1B 8
- I
Plasma ACE2 < Median
2
=c
=
Q Plasma ACE2 > Median
S o
a 0
=°
2
(=
‘,::", 0 Log-rank test, P = 0.01
[V
o
o 4
T T T T T
0 3 6 9 12
Time (years)
Number at risk
Plasma ACE2 < Median 39 35 30 24
Plasma ACE2 > Median 40 31 27 20
O
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A Cox MARBBITHEEFESINKA, Eid. BE
. FEFRIRSEF log ACE2 #52 MACE FELXAMNBTEFUN
EF. TEZLE Cox AYIRHH, Log ACE2 SEHNIEH—F

*xF HF BOREBLS, log ACE2 (HR: 4.03; 95%CI:
1.42 ~ 11.5; p = 0.009) FFH (HR: 1.06; 95%CI: 1.01 ~
1.12, p=0.026) HAIRIAICIRIBTUNIEIR.

Wit

YFIARMNEELIMZME ACE2 SEM IRt IN T =&
PRZE CAD BEOMEBEARAREMHNEN, EXTHRF, Xt
SREBEHIT TR 106 £HMEH, SRERA, AEES
EABMERXMSEERUTHTT 2ENSTERERS,
ACE2 JEEABMAR CV RTMARRILFUUEF. CAD
BEMTY ACE2 KFA 29 pmol/mL/min, ST FAIFaTIR
EHNERBRESEENKTE (444 £ 0.56 pmol/mL/min) P11
REEBERKTE (PAIEN 194 pmol/mL/min) 1, Bl 1HE
F2TBX HF 3™E LV REREERNEE, RARENS
f&3F ACE2 KEFZIERXIN, SHEHMARER 152,
BHEREME ACE2 SEMRE, BHNFRAIEMIRT TN
K ACE2 EMKFMEAF,

XFER ACE2 KTEWMTENMEFET BRI, A
BT ERRABNMBBERN oV SHERRER. —4

42 [¢) 3ik#EiE | Featured Article

B XK MACE FUl3EAR (HR: 2.4; 95%CI: 1.24 ~4.72; p =
0.009) (R2) o

HF £&m (0 = 113) , 7 34 MAMRESHAE, & 23%80E
BRETAROMESMH GEL. OEBIE. HF E5) , H
BEHMNFNOMMASH N BaiRARRHTIEZERS, B
HRE ACE2 KEMRARIBIFUE T, ER—ALHIE
B CVIERMNIBEBATE (CKD) BEH, &K ACE2 &N
=2 24 NAKIFHE CV BUERFEHHIMLTNAER
B, 5Z7E—8NE, HNMNAIRS, 1 CKD VIV BE
. hRENEEXEBEZER, ASHEIF ACE2 FEM
FROMELRZESEBZBXMED, BIELD, FE
SRLBRFREESREF, ML 12 MAE ACE2 KFHF
BTN CV EF (p = 0.051) 17, FAPEME ACE2 5EM
EINSEMFTHREUNTR CV £RZEINEZBXMART
AR MBRINESH CV EREERUNE KM
Bils

JUMERSERBIIR ACE2 JE4E R B R BhRGH IR AIAR
EH. EIEEN CKD BED, EIFFH ACE2 JEM SRRk
MABNENEERBEEBAEXM, F2F | BEBER
JREH CAD £RIEEH, 1B ACE2 SEMZIGMA, E8
B CAD AEHBRBIESEPURE T HEER, Xi#
—H T EIRR ACE2 EEF B S REIBkHFERE (L 2 (8189
BR, R —MAMBIEFIEER CAD BEWARF, Ortiz-
Perez ZERT T 538G E41 CAD BISIERAAAALL, B ST 45
BILIEREEREL (24 ~ 48 h) EIF ACE2 KEHZ,
BIRIE Ortiz-Perez FMFARLER, HABFBABMNIEIF ACE2
ERMT2MOERGE R T BIERNSIRCRIEE. A
R BT XAENMIR, RARINNANTENESHIE
LABREETRIEFRNESE, TIEEXIMRN. HFK
BEENRN, HACE2 HEER, FULENNWERRBMK
ACE2 B9 N R BR T B TE R BHBKSRIERE L T AR 2 2 M O AR



RAS ERIBKBEELLRIIETNEELERITOH
3, FHEXEH RAS BEERZAYINGIHESINE T BE CAD
TEAREHRKIBE B R RISl EChBKRERE (KBTI
KR, FRATMEAMAIRE T ACE2 TERIRKSHIERE (LBIERAIRY
MERRAMR. ERMARMNTBINARPIYERELT, F]
TIRET ACE2 HEFEFEZEREETANE MREER
EIRGRIF R LI E S, SSIRFAREA ACE2 FFRARRIR# EHAK
SRR (L BESRAS RE FRAZ BB AE (LSRRl TACE BY#H
TESE ACE2 MARBURIEIMANBEITRAL, ARPEFE
X ACE2 BRHIMERKER I NSH, SEMERKE I 192
RIEFEFRTRINGICL, TR ELIERF, TACE &
EUERIFASEIE SR T MR B E NN E TMEEE, XAJhE
BE L ACE2 MARBERIIMAT, XELIMIMET
ACE2 TERIBXSHFREUCRMEE R MEIATIER, HREA ACE2
BYIETS B BE O SRR BHRK R RE 1L 5 BB B RO T IR (T RO ik
o

HRSTEIFR ACE2 K FZEIMXRHRER, #UEE
BAEEYEMT, M ACE2 KFEAIRESALE ACE2 TR
%, FELIEENRERZ, REMETRENEHBRME
3 ACE2 KFUUK TACE KFHIMRFMARAX—RIZ. K]
WRIUGINT —FrIaEME, AT ALRIBRHEEREL AR
AEETRLMELBNES MEHPHN ACE2 FEF SRR T
SMREETIER, REIRBREUERFE Ang 1T BUEN

©2020 IMPROVE MEDICAL All Rights Reserved
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BEEREMREATE, HE ACE2 WERRTSMIMNAER
TRATREMARRE ACE2 RIATUEMHER. L, ACE2 EREMI
F X RBELEENEMTTUE X IENXIEP, FALSH
MRIZEMREERN X IENALRREER, Lo,
ACE2 BEETH 151978124 ZAMS FEIRHEPFIRUM ALK
PRI CAD BENFINARTGAEEXY, BHEHRR
BB eI ES M ACE2 SEMNEARLEEC,

XIMMRETZERE, SFEENRNNERENERT
EMOMABERNRE, AAERERENTERAESRME
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Abstract

Background

Angiotensin converting enzyme 2 (ACE2) is an endogenous regulator of the renin angioten-
sin system. Increased circulating ACE2 predicts adverse outcomes in patients with heart
failure (HF), but it is unknown if elevated plasma ACE2 activity predicts major adverse car-
diovascular events (MACE) in patients with obstructive coronary artery disease (CAD).

Methods

We prospectively recruited patients with obstructive CAD (defined as >50% stenosis of the
left main coronary artery and/or >70% stenosis in > 1 other major epicardial vessel on inva-
sive coronary angiography) and measured plasma ACE2 activity. Patients were followed up
to determine if circulating ACE2 activity levels predicted the primary endpoint of MACE (car-
diovascular mortality, HF or myocardial infarction).

Results

We recruited 79 patients with obstructive coronary artery disease. The median (IQR) plasma
ACE2 activity was 29.3 pmol/ml/min [21.2—41.2]. Over a median follow up of 10.5 years [9.6—
10.8years], MACE occurred in 46% of patients (36 events). On Kaplan-Meier analysis,
above-median plasma ACE2 activity was associated with MACE (log-rank test, p = 0.035)
and HF hospitalisation (p = 0.01). After Cox multivariable adjustment, log ACE2 activity
remained an independent predictor of MACE (hazard ratio (HR) 2.4, 95% confidence interval
(Cl) 1.24-4.72, p = 0.009) and HF hospitalisation (HR: 4.03, 95% Cl: 1.42-11.5, p = 0.009).

Conclusions

Plasma ACE2 activity independently increased the hazard of adverse long-term cardiovas-
cular outcomes in patients with obstructive CAD.
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Introduction

Cardiovascular (CV) disease is a major cause of morbidity and mortality,[1] and is associated
with activation of the renin-angiotensin system (RAS). Within the RAS, angiotensin convert-
ing enzyme (ACE) converts angiotensin (Ang) I to the vasoconstrictor and pro-atherosclerotic
peptide Ang II,[2] whilst ACE2 is an endogenous inhibitor of the RAS through its major action
to degrade Ang II.[3] ACE2 is highly expressed in the heart and blood vessels[4] and is cleaved
from the cell surface to release the catalytically active ectodomain[5] into the circulation
through the action of tumour necrosis factor alpha converting enzyme (TACE).[6] In human
myocardium, ACE2 is localized to the endothelium of the microcirculation,[7] and is also
present in the media of atherosclerotic radial arteries.[8] In healthy individuals, circulating
ACE2 activity levels are low[9, 10] but increase in the presence of CV disease or risk factors
including heart failure (HF),[11] atrial fibrillation (AF),[12] kidney disease[13, 14] and type 1
diabetes.[15] To date, there is limited information on the prognostic role of circulating ACE2
activity levels and the results are conflicting. For example, increased ACE2 activity predicted
adverse CV outcomes in heart failure,[16] but not in patients after emergency orthopedic sur-
gery[17] or with chronic kidney disease.[13, 14] These differences may reflect the patient pop-
ulation, the relative cardiovascular risk of the patient population or the length of follow up.
The aim of this study was to investigate the utility of plasma ACE2 activity levels to predict CV
events in a high-risk cohort of patients with angiographically proven obstructive CAD with
more than 10 years of follow-up.

Materials and methods

Consecutive patients aged >18 years were prospectively recruited between November 2004
and January 2006 after referral to a tertiary cardiovascular centre for a coronary angiogram to
investigate suspected CAD. Only those with significant obstructive CAD were eligible for this
study. Patients in cardiogenic shock, with a past history of congestive heart failure or with a
left ventricular (LV) ejection fraction < 30% on angiography were excluded. Ethical approval
was obtained from the Human Research Ethics Committee at Austin Health, Melbourne and
the study complied with the Declaration of Helsinki. All patients gave informed written
consent.

A standardised medical questionnaire was completed and verified with the hospital medical
record. Blood pressure was measured and anthropometric measurements were taken. Obstruc-
tive CAD was defined as >50% stenosis of the left main coronary artery and/or >70% stenosis
in > 1 other major epicardial coronary artery by visual assessment on invasive coronary angi-
ography.[18] Diabetes was diagnosed based on a documented history, treatment with glucose
lowering therapy or if fasting blood glucose was >7 mmol/L. Hypertension was defined if pre-
viously diagnosed by a physician and/or current use of anti-hypertensive medication. Dyslipi-
daemia was defined if previously diagnosed by a physician and/or current use of lipid lowering
agents. Cigarette smoking was defined as smoking within the preceding 12 months.

Fasting blood samples were collected at the time of admission for measurement of kidney
function, lipids, and troponin. The Access AccuTnl assay (Beckman-Coulter, Chaska, MN,
USA) was used to measure plasma troponin with the 9™ percentile of a healthy reference pop-
ulation of 0.04 pg/L. Levels of > 0.04 ug/L (99" percentile) were considered abnormal in this
study.

For plasma ACE2 measurement, blood was collected within 48 hours of presentation into
lithium heparin tubes, and plasma was obtained by centrifuging blood at 3000 rpm at 4°C for
10 minutes and stored at- 80°C until tested. Plasma ACE2 activity was measured within 2
years after all samples were collected. Samples were batched and ACE2 assays were run over a
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period of 2 days. The catalytic activity of ACE2 was measured using a validated, sensitive
quenched fluorescent substrate-based assay as previously described.[9] Briefly, plasma (0.25
ml) was diluted into low-ionic-strength buffer (20 mmol/L Tris-HCI, pH 6.5) and added to
200 pul ANXSepharose 4 Fast-Flow resin (Amersham Biosciences, GE Healthcare, Uppsala,
Sweden) that removed a previously characterized endogenous inhibitor of ACE2 activity.[9]
After binding and washing, the resulting eluate was assayed for ACE2 catalytic activity. Dupli-
cate samples were incubated with the ACE2-specific quenched fluorescent substrate, with or
without 100 mM ethylenediaminetetraacetic acid. The rate of substrate cleavage was deter-
mined by comparison to a standard curve of the free fluorophore, 4-amino-methoxycoumarin
(MCA; Sigma, MO, USA) and expressed as pmole of substrate cleaved/mL of plasma/min. The
intra-assay and inter-assay coefficient of variation was 5.6 and 11.8% respectively.

The primary endpoint was a composite of major adverse cardiac events (MACE) defined as
CV death, hospitalisation for HF or myocardial infarction (MI). The secondary endpoint was
HF hospitalisation. Endpoints were described according to the 2014 American College of Car-
diology/ American Heart Association definitions for CV endpoints in clinical trials.[19] CV
death was defined as death due to sudden cardiac death, HF, acute MI, cerebrovascular acci-
dent, CV haemorrhage, CV procedures or other CV causes, that is death not included in the
previous categories but with a specific, known CV cause such as pulmonary embolism.[19]
Hospitalisation for HF was defined as an event where the patient is admitted to the hospital
with a primary diagnosis of HF where the length of stay is at least 24 hours, where the patient
exhibits new or worsening symptoms of heart failure on presentation, has objective evidence
of new or worsening heart failure and receives intensification of treatment specifically for
heart failure.[19] Myocardial infarction was defined as the clinical diagnosis of ST elevation or
non-ST elevation myocardial infarction according to established criteria.[20, 21]

Clinical outcomes were collected by an experienced blinded investigator via medical rec-
ords review and by contacting each patient and/or the nominated general practitioner for
additional information.

Statistical analysis was performed using STATA, version 14.2 (Statacorp., College Station,
TX, USA). Normally distributed continuous variables are expressed as mean + standard devia-
tion and non-normally distributed data (Plasma ACE2 activity, triglycerides, troponin and glo-
merular filtration rate) are expressed as the median and inter-quartile range (IQR). Student ¢
test or the Mann Whitney U test (for non-normally distributed data) was used to assess differ-
ences in continuous variables between patients with above and below median ACE2 activity.
Categorical variables are expressed as counts and percentages and compared using Fisher’s
exact or chi-square tests. Multiple regression analysis was used to identify variables that may
independently influence plasma ACE2 activity. Plasma ACE2 activity, troponin levels and glo-
merular filtration rate were natural-logarithm transformed for analysis because of their skewed
distribution. This rendered a more normal distribution by visual inspection of the distribution
of the variables and Q-Q plots.

Cumulative incidence of MACE was estimated by the Kaplan Meier method and the log-
rank test used to evaluate differences between patients with below and above median plasma
ACE2 activity. When multiple end-points occurred during follow-up, the time to the first
event was considered for analysis of MACE. Cox proportional hazard modelling was used to
estimate the adjusted hazard ratio (HR) and 95% confidence interval (CI) for MACE. Signifi-
cant variables (p < 0.1) from univariate analysis were entered into the final multivariate model
to identify independent predictors of MACE. Conventional prognostic variables were used
including age, history of diabetes, log troponin and treatment with statin, beta-blocker, ACE
inhibitor or angiotensin receptor blocker in addition to log ACE2. Two-tailed p-values < 0.05
were considered significant.
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Results

We recruited 79 patients with angiographically proven obstructive CAD. No patient was lost
to follow up and the median follow-up was 10.6 years (IQR 9.6-10.9 years). The clinical and
biochemical characteristics of the study population are presented in Table 1. The cohort com-
prised 65% males with a mean + SD age of 66 + 12 years and BMI of 27.4 + 4.4 kg/m”. Patients
were at significant CV risk with 69% having a smoking history, and a history of CAD in 66%,
dyslipidaemia in 60%, hypertension in 82%, diabetes in 24% and AF in 11%. With regard to
pharmacological therapy at the time of presentation, 59% were on angiotensin converting
enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARB), 58% on beta-blockers, 72%
on statins and 100% on aspirin.

Table 1. Participant characteristics in total cohort and according to plasma ACE2 activity.

Variable All patients ACE2 < median ACE2 > median P-value
(n=39) (n = 40)
Age (years) 66 £ 12 67 £11 63+13 0.27
Male gender [n (%)] 51 (65%) 18(46%) 33 (83%) 0.001
BMI (kg/mz) 274+44 274+52 27.3+£3.6 0.939
SBP (mmHg) 130+ 17 131 £ 15 130 £ 19 0.746
DBP (mmHg) 70+ 13 71+13 68 £ 14 0.321
Presentation with ACS 51 (65%) 23 (59%) 28 (70%) 0.306
Previous history [n (%)]
CAD 51 (66%) 24 (63%) 27 (69%) 0.573
Dyslipidemia 48 (60%) 23 (59%) 25 (63%) 0.748
Hypertension 64 (82%) 30 (77%) 34 (87%) 0.238
Diabetes 19 (24%) 11 (29%) 8 (20%) 0.357
Atrial fibrillation 9(11%) 1 (3%) 8 (20%) 0.015
Smoking history 54 (69%) 24 (63%) 30 (75%) 0.257
Medical treatment [n (%)]
ACEi/ARB 45 (59%) 24 (63%) 21 (55%) 0.484
Beta-blocker 44 (58%) 23 (61%) 21 (55%) 0.642
Statin 56 (72%) 27 (69%) 29 (74%) 0.615
Aspirin 79 (100%) 39 (100%) 40 (100%) 1
Serum biochemistry
LDL (mmol/L) 25+09 26+1.1 25+0.8 0.736
Triglycerides (mmol/L) 1.2 [0.9-1.9] 1[0.8-1.9] 1.4 [0.9-2] 0.119
eGFR (ml/min/1.73m?) 70 [48-96] 76 [59-98] 69 [46-95] 0.675
Troponin I (ug/L) 0.6 [0-14.5] 0.54 [0-8.2] 2.3 [0-21.2] 0.211
LVEF < 50% [n (%)] 42 (58%) 18(53%) 24 (62%) 0.459
Culprit vessel [n (%)]
Right coronary 27 (34) 15 (39) 12 (30) 0.428
Left anterior descending 23 (23) 13 (33) 10 (25) 0.415
Left circumflex 20 (25) 8 (21) 12 (30) 0.332
Left main 1(1) 0 1(3) 0.320
Inpatient revascularisation [n (%)] 61 (77) 31 (79) 30 (75) 0.635
MACE [n (%)] 36 (46%) 12 (31%) 24 (60%) 0.009

Values are mean =+ standard deviation, n (%) or median [interquartile range].
ACS = acute coronary syndrome; BMI = body mass index; ACEi = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; CAD = coronary
artery disease; DBP = diastolic blood pressure; eGFR = estimated glomerular filtration rate; LVEF = left ventricular ejection fraction; LDL = low-density lipoprotein;

MACE = major adverse cardiovascular events; SBP = systolic blood pressure

https://doi.org/10.1371/journal.pone.0198144.t001
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There was no difference in plasma ACE2 levels between patients with ST elevation acute
coronary syndrome (ACS) [n = 24, median 31.7 pmol/ml/min (IQR 5.6-43.9)], non-ST eleva-
tion ACS [n = 27, median 29.1 pmol/ml/min (IQR 23.1-46.4)] or stable angina [n = 28,
median 26.7 pmol/ml/min (IQR 18.7-39.8), p = 0.386] and so further analysis was conducted
in the whole cohort.

The median ACE2 level in the whole cohort was 29.3 pmol/ml/min [IQR 21.2-41.2].
Patients were categorized according to plasma ACE2 activity above / below the median ACE2
level. Patients with above-median plasma ACE2 activity were more likely to be male and have
AF (Table 1, both p < 0.05). Multiple regression analysis was performed to identify variables
that influence plasma ACE2 activity. Male gender was the only independent predictor of
higher ACE2 activity (p = 0.022). The prevalence of CAD and cardiac risk factors including
dyslipidaemia, hypertension, diabetes and cigarette smoking were similar in the two groups, as
was LVEF <50%, the use of pharmacological agents, low density lipoprotein cholesterol, tri-
glycerides levels, kidney function and troponin level (all p > 0.05).

Over the follow-up period, there were 18 deaths, 19 myocardial infarcts and 16 hospitalisa-
tions with HF. The primary endpoint of MACE, a composite of CV mortality, HF hospitalisa-
tion or MI occurred in 36 patients (46%).

Above median levels of ACE2 (>29.3 pmol/ml/min) were significantly associated with a
higher incidence of MACE (log-rank test, p = 0.035; Fig 1A) and HF hospitalisation (p = 0.01;
Fig 1B) compared with those with below-median ACE2. There was no significant difference in
the incidence of CV death (p = 0.195) or MI (p = 0.35). In a subgroup analysis including male
patients only, there was no significant difference in the incidence of MACE according to
median levels of ACE2 (p = 0.124).

Survival analysis using the Cox regression model indicated that age, history of atrial fibrilla-
tion, history of diabetes and log ACE2 were univariate predictors of the primary endpoint of
MACE. On multivariable Cox regression analysis, Log ACE2 activity remained the only signif-
icant predictor of MACE (HR: 2.4; 95% CI: 1.24 to 4.72; p = 0.009) (Table 2).

With regard to the secondary endpoint of HF, both log ACE2 (HR: 4.03; 95% CI: 1.42-11.5;
p = 0.009) and age (HR: 1.06; 95% CI: 1.01-1.12, p = 0.026) were independent predictors of
heart failure.

Discussion

The major finding of the current study was that plasma ACE2 activity independently increased
the hazard for adverse cardiovascular events in patients with significant obstructive CAD. In
this study in high-risk patients followed for a median of 10.6 years, elevated ACE2 activity
remained an independent predictor of CV mortality and morbidity even after comprehensive
multivariable adjustment in a model that included prognostically meaningful variables. The
median ACE2 level in patients with CAD was 29 pmol/ml/min which is higher than levels we
previously reported in young healthy volunteers (4.44 + 0.56 pmol/ml/min)[9] and in elderly
patients (median 19.4 pmol/ml/min).[17] We excluded patients with known HF or severe LV
systolic dysfunction as both are associated with increased circulating ACE2 levels.[11, 16] Con-
sistent with results of other studies,[13-15, 22] plasma ACE2 activity was higher in male
patients but we found no other independent predictors of plasma ACE2 activity levels.

There are conflicting findings regarding the prognostic value of circulating ACE2 levels
likely reflecting the differences in follow-up period and risk of CV events across the study pop-
ulations. In a cohort of patients with HF (n = 113), 23% had an adverse CV event (death, car-
diac transplant, HF hospitalisation) over a 34 month follow up and circulating ACE2 levels
remained an independent predictor after adjustment for reduced ejection fraction and
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Fig 1. Clinical events at follow-up. Kaplan Meier Survival plot illustrating event free survival from major adverse cardiac events (A)
and heart failure hospitalisation (B) in patients with coronary artery disease, stratified according to median plasma ACE2 level of 29.3
pmol/ml/min. ACE2 = angiotensin converting enzyme 2.

https://doi.org/10.1371/journal.pone.0198144.9001

increased N-terminal-pro brain natriuretic peptide.[16] In another cohort of patients with
chronic kidney disease (CKD) without prior CV disease, circulating ACE2 activity was not an
independent predictor of CV mortality or events over a follow-up period of 24 months.[13,

14] In concordance, our group reported no significant associations between elevated circulat-
ing ACE2 activity and adverse CV outcomes in patients with CKD stage III/ IV, haemodialysis
patients or kidney transplant recipients.[13] We also found that in elderly patients undergoing
emergency orthopaedic surgery, elevated ACE2 levels did not predict CV events after 12
months of follow-up (p = 0.051).[17] We ascribe the significant association between increased
plasma ACE2 activity and adverse CV outcomes seen in the present study to a higher rate of
CV outcomes observed in the study cohort and longer follow-up duration.

Severe lines of evidence suggest that plasma ACE2 activity may serve as a marker of athero-
sclerosis. In non-dialysis patients with CKD, circulating ACE2 activity was associated with
silent atherosclerosis in carotid and peripheral vessels.[14] In patients with type 1 diabetes and
a history of CAD, circulating ACE2 activity was increased.[15] The same pattern was observed
in kidney transplant recipients with a history of CAD,[23] further supporting the association
between raised circulating ACE2 activity and coronary atherosclerosis. In another study of
patients with angiographically confirmed CAD, Ortiz-Perez et al. demonstrated elevated levels
of circulating ACE2 at baseline (24-48h) in patients presenting with ST-elevation myocardial
infarction compared to a control group of patients without known CAD.[24] It is not therefore
clear from the Ortiz-Perez et al. study whether the increase in circulating ACE2 reflects acute
cardiac injury or underlying atherosclerosis. Our study extends knowledge in this regard as we
included only patients with angiographically proven obstructive coronary artery disease, both
with and without an acute presentation. As there was no difference in ACE2 according to pre-
sentation, our results suggest that the increase in plasma ACE2 reflects underlying atheroscle-
rosis rather than acute myocardial injury.

The importance of the RAS in the pathogenesis of atherosclerosis is well established and
indeed targeted pharmacological inhibition of the classic RAS improves outcomes in athero-
sclerotic disease including CAD.[25] In experimental models of atherosclerosis, we and others
reported that ACE2 is expressed in vascular endothelial cells, macrophages and smooth muscle

Table 2. Cox regression analysis for MACE in patients with obstructive CAD.

Variable Unadjusted HR (95% CI) Unadjusted p Value Adjusted HR (95% CI) Adjusted p Value
Age 1.03 (1.0-1.06) 0.068 1.03(1-1.06) 0.129
Male 1.36 (0.65-2.83) 0.413
Atrial fibrillation 2.26 (0.98-5.21) 0.053 1.49 (0.63-3.52) 0.364
Diabetes 1.92 (0.96-3.87) 0.067 1.88 (0.93-3.78) 0.078
ACEi/ARB 0.64 (0.32-1.26) 0.195
3-blocker use 0.57 (0.29-1.13) 0.107
Statin use 0.65 (0.32-1.32) 0.237
Log troponin 1.07 (0.97-1.18) 0.194
Log ACE2 2.56 (1.31-5) 0.006 2.42 (1.24-4.72) 0.009

ACE2 = angiotensin converting enzyme 2; ACEi = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; MACE = major adverse

cardiovascular events

https://doi.org/10.1371/journal.pone.0198144.t002
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cells within atherosclerotic plaques.[26, 27] We also reported that ACE2 was present in athero-
sclerotic blood vessels in patients with CAD undergoing coronary artery bypass surgery.[8]
Experimental studies have shown that ACE2 overexpression promotes atherosclerotic plaque
stability and attenuates atherosclerotic lesions[28, 29]. Activation of TACE results in increased
ACE2 shedding from tissue into the circulation.[6] Shedding and hence loss of ACE2 from the
tissue is mediated by angiotensin II and results in the pro-inflammatory effects of angiotensin
IT being unopposed.[6] Certainly in a rabbit model of atherosclerosis, gene silencing of TACE
enhanced plaque stability and improved vascular remodelling,[30] possibly via reduced tissue
ACE2 shedding. These findings reinforce the important counter-regulatory role of ACE2 in
atherosclerosis and suggest that modulation of ACE2 could offer a future therapeutic option in
patients with atherosclerotic disease.

The relationship between tissue and circulating levels of ACE2 is not yet understood. It has
been postulated plasma ACE2 levels may parallel tissue ACE2 expression with a constant rate
of shedding in normal physiology[16], although there are no studies that have concurrently
measured both tissue and circulating ACE2 and TACE levels to address this hypothesis. Our
findings raise the possibility that in human atherosclerosis, increased plasma ACE2 activity in
those with adverse cardiovascular outcomes reflect a persistent albeit insufficient counter-reg-
ulatory process to shift the balance away from the deleterious effects of sustained Ang II activa-
tion. Genetic variation in and around the gene encoding ACE2 may account for differences in
ACE2 expression or activity. Indeed, the location of the ACE2 gene within the X chromosome
in an area where genes are known to escape X-inactivation may contribute to phenotypic dif-
ferences between sexes and tissue-specific differences in X-inactivation.[31] Furthermore, the
rs1978124 polymorphism in the ACE2 gene has been associated with poorer outcomes in two
separate CAD cohorts of Chinese Han[32] and European[33] ancestry but there are not yet
studies that combine genetic approaches with measurement of plasma ACE2 activity.[34]

The study has a number of limitations including the relatively small sample size and the use
of a conventional troponin assay, as a high sensitivity assay was not available at the time of
patient recruitment. Furthermore, the finding of elevated plasma ACE2 activity and its associa-
tion with adverse outcomes only suggest a possible relationship and does not determine cause
or effect. However major strengths include the detailed angiographic assessment and the long
term follow up.

In conclusion, our study demonstrates that elevated plasma ACE2 activity is an indepen-
dent predictor of MACE in patients with obstructive CAD.

Future

This study has identified ACE2 as a potential surrogate marker of CV outcomes, and possibly
a target for therapeutic intervention. Whether targeting patients with increased plasma ACE2
levels for more intensive therapy would lead to improved outcomes has yet to be tested.
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