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[ Abstract] The application of immune checkpoint inhibitors ( ICI) has improved the efficacy and prognosis of a variety of tumors.

However,its unique immune-related adverse events, especially cardiotoxicity , have attracted much attention. Recent studies have found that ICI

therapy may cause or aggravate atherosclerosis by promoting chronic inflammation of the arteries,but the mechanism is not fully understood.

This review focuses on the epidemiology , pathophysiological mechanisms,imaging features and drug therapy of ICI-related atherosclerosis,with

the aim of improving the understanding and diagnosis level of cardiovascular immune-related adverse events among clinicians.

[ Key words] Atherosclerosis ; Immune checkpoint inhibitors ; Immune-related adverse events ; Cardiovascular toxicity

AT A R A S A A 40 A 58 (immune checkpoint
inhibitors , ICT) fi9 s A 8 FH 2k 3t 1 22 B b 96 19 97 450
TG , 2416 RV Bl B kAL 50 ZFE W, A3
WAL GG IR TR, BN S RS W BT R G
SPFB k2 TR A S AR 4 R B = F (immune-
related adverse events, irAE ) 345 2| 7 ¥ 3k ik £2 1) 56
o O NEREMEE Ry — B 5 UL (E 8 A2 BT irAE, LA
WLAR 0> A R R I A 58 AH XF 22 0L, 43 51 irAE 1Y
0.39% 0.30% 1 0. 26% ,FET-%H 27.0% ~39.7% "7,
AL M AR QN & MO LR G E R AEAE ICTR
SR IS 6 JE PN, LA B 5 4 A 12 1 Ay LRk 2 o 2
s Y R R Ak AR AT S | s 0
FILL K B K A 1k TCT B 7 R B, 0 &R 43 H4E
TRV T BRI £5 0 T A0 A R

ICT i AT RSN S A 1 B G 5 PR 5 s A At 12
RAEPESNG 1 e PR HERRS L 5l ok o) R A L 2 A R
Sk PR BB Bl Y 2 RE PR B , A T O L AE
AR P A A R ) fE B R R . FE 45% ~ T5% () iR

EETE : HK QAP EREE 77454 (81502024)

BIS{EE . FFE,E-mail; wangamandl@ 126. com

SRR BUAT AR TG PR 0 Bk o R B AL el T
Je A Jk ks o A A A A 22 T[] # s 6 PR AR (AN i
& NG WIS PR R AE ) | IR B T REEE b
HH BB Pk o B A P W PR I 2 T PR A 9 R
ST A A R VAR T R A A G BT 4
(ceytotoxic T lymphocyte-associated antigen4, CTLA4 ) |
TP HEIET 3244 1 ( programmed death-1, PD-1) FlIfE F
PEFET - Z AR B 1 ( programmed death-ligand 1, PD-L1)
TEZf) Bkt A B8 A v (0 O 1 o 53— 2 ] Bt 4 A
RIS PEIG RISy 1CT 3657 3 3 ko BE R Ak 1) 5%
M SR TR IR . H I PR X LSl ko A B 4
FARR B L L LA AR E’Jﬁ\lﬂmﬁ SR
1 ICI *ﬁ%ﬂﬂﬂ(%@'ﬁﬁﬁﬂﬁﬁuu

4 M1k, 10T 5@3%5’@#@%9@1‘59%@5%?
fﬁfﬁ]?ﬁiﬁbﬂl (e JB5E P F 5 — 390 o e A 5 SR
1 215645 32 1CI 3697 (1 g & & b, 1% TEIR YT
6 /I~ H A A A= gl ik i e 2 (o0 IUARE S sl e ot 28 i 2
Hi) o —T0 meta M7 G4 AT 17 5T 10 106 4]



- 586 - OIMERFIERE 2023 7 A 44 B 7 Adv Cardiovasc Dis , July 2023, Vol. 44 ,No. 7

57 1ICLIRYT W b e 3, 45 1 S /s sl ik it s R Y
KRN 1. 1%, Drobni % PEATHIMF SR A T
2 8425 i £ 3 ( ZHCHAE /N Mt MR B 2R
A 75.3% W B2 1 ICLRIT, RALIR I7 I TR Ry
5 JE . RAEZAEIE AR A ICT B X IR A R 1
TS8O LA fE I PR 28 (G046 5y I 5 A IS FTOB PR
SR ) SOk UL, HL 3 a2 e O BT iR YT A B )
SRy (HHEAZ ICT 1 S8 3 B0 Dk ok A s o i 4 =0 4 XL
B0 RRZH I I 4. 7 4% (5. 35 IR F/100 N4F) | H
HRLO USSR sl ik 1L iz T g AT i B 2 v XL
SR 7.2.3.0 M4.6 45, HF5E %2 842 filiaz
ICT J697 R g J s AT R 7 & 3, Herp ICT 3897
Ja 2 AN 119 91 58 38 kA= sl ko A s Ak 100 I A5 5
4, WAE ICL IRY7 UG TS 2 4R N, A 66 il 35 & A 3
ok s A AR A P o 10 387 S A28, TCT 3 97 it 3 ik ok A it A
PO LA R KUK 389 0 T 4. 8 4%, %™ i 4L
AT P AR AR R R L0 I R s OB IR
3 R JbTe 2AS TR0 S 2 ik ok A B A O i A8 S 1 1 R A
RIC 5,

T Bl IR A A Al S — 18 M i Mg R R
G PRIF R AE () 4 30 AT e 75 BUFEE 280 T4F . B,
A BN 7 ICLIR YT B Mg £ 3 LA g S A ik
BRI WIRG T . HETCT ICH DR Rt £
Ay BB 5, A0 N HE T BE A 7 — R 1) 356 456 O a7
T T B PEBIF 5 A 2HL 10 5 25 68 3ak 7™ A% 5 1% L B 75 I i
S, LS S TCT AH 2 By Jok ok A A8 Ak 00 I 78 92 5
AR K A R AT A Rt — 58 . RS, B %
FW 2R T RERI RN ICLIGYT 5 sh Bk ok AL RS 1k
P I A A XU 38 A O, fa B PR 28 A ] A% 480
M fa s R 2, HoAthps B A= B R T g8 2 5 5K 3 ICI
AH ISl Bk oA R AL PR O 3 AR & R S
2 ICI #XshBREFEANFREEERTR

ICT A5 T 20 B 305 78 sl Bk AR A AL 1 e 2B &
AR EAE Y Bl i prse i Xt 3h kol
FERE AL AR VEA T T3S 0 BT A EL A0 i RNA 5 & 81, T
A N 2SN IN BR B Rk ok A Al 1 g 7 v ) o B A s
AT, BEH IR Y CDA” A1 CD8 ™ T 41 ity Fe 7
INGE4 T A R 25 0 6 11 58 v e 780 g ] L3
Horb SRR T 401 PD-1 5265k 0y 1 B AF | X 36
BT IARA 19 PD-1 BHIBTBE B BT 0E X 2L i (1 T 41
B0 T R AE B K R A B B rh iR FL#E
LRSSt ) 1B RS ) € S s X R P I RN 4797 2
FROE 5 ) & R 3G I T B Bl 240 20O 1l 48 5
PRB A M

IR RTHFFE > R, PD-1 PD-L1/2 {384 i

EPUIAS 1 PD-1 0N e 1 &5 I I AE K2 2 AR 4R
P32 1A R 53R /0 B 2l Jooks A A AR R B, JR 455 & 1 LA
CD4" F1 CD8 ™ T 4 Jitd i1 5 g 240 it B 338 Jin A R A0 1 ¢
SEDESRRAY . PD-L1/2 GRS B NG 2 1 52 1A m R
(4 T 240 S 25 ) 52 Bt i 2 338 A M 52 i, 75 3 CD25 1)
2 IA AT CDO2L R FRIA , 3R 05 BE v 7K P i A 3 ik
AL AN A F——y T4 R A R SE IR - 7
XEEHFFERA, PD-1/PD-L1 kG A] GBI 16 L T 40
ff gAY, e 2 sh ksl AR AL 1 & 2k o RIREY 76 T
MM v Mk ik CTLA4 (45T CTLA4-Ig fil &
FAYT, BB AE 2L R AT o BT CTLA4 RS
RAGFRFIMRE A E thiG ki) CD4™ 1 CD8 ™ T 2 3%,
Ik Bk A B AT AL A CTLA )5, 3 ikt
FERE AL A2 B9 ARG 0, BEH s R 200 T 41 i, £
PEVRBETE B AIBE S [ e ) AR YRR R R .
VOS> R T CTLA 1 PD-1 Fl R 36 I 25 1
JE 2R 152 AR/ N B Bl ik ks A A Ak 1) 52 0, 45 2% 7 e
(5 J&) WTEIBT IR Sl Kt A 28 1) /)N
SR, B e R B B 25 27 03 M K& B, CTLA4 F1 PD-1
(A 20T — N AT B R A IR
TN B 2 ) S0 , CD8 T A4 i A BB v 1 = B2 3 T
127 A% T G/ B A g

— I 2 1CLIRYT IR B AR O 1 A R
FET-HY 11 R PR, 45 5% R 1CLIG YT # AR 3l ik
LB CD3™ [ CD8™ T 41 jifd F1 CD68 ™ 5 Wiz 24 g 1Y
i o #2251 CD3 " /CD68 ™ A1 ifg 3 2 2 4 i,
CD8"/CD68 " 4ilifd b A7 My iy a3, Horr 6 1 i 5
ST WREL AN F A SAE , 5 Bh ook R R AL BB
UL B B L Sy 3 B SR A (], ZR Y ICT 3597 s
TR B BK A A BE A g 78 P S AR A R ZH . AR T,
ICT FH 53 ok 585 B8 AL 1O HIL I -+ 23 52 4%, Z2 50k 5847
WIE A , A TR — R AT
3 ICI #HREhBIGRIFEE L B B R 4T

Zfy RBE 14 18 P 2 R 1 2y Jok ok A B 1 i 78 K HL i
PRI S 1 % 1B R T v B A Y DU B
g0 e WIBF- A% B 4 W A B ( F-fluorode-
oxyglucose , *F-FDG ) 1F HL F & 5] W J2 . 12 ( positron
emission tomography, PET) /CT J&3E(% sl fikBE | 3h ik i
AEARSCRAE A BT 0 — AR A 10 151 A5 209 AR
FHINRBAIIRTF 5 404 T 0 ICT 3497 360 14 R
(SR, A ZH RRE 34 T O 7 Rl 505 50, 24008
H45% 7 ipilimumab I nivolumab J597,1 ] 8 F 5%
1 pembrolizumab J& 7. ZBFFEAE ICI 3697 Hi AIIAYT
J& 6 J& PIxE B 5 3h kR 3 sh Bk 19 U F-FDG 48 BT T
R, A WL 5% 21 3h ik F-FDG 5 K 3 1k 48 U



O IMERF IR 2023 7 A 44 B85 7 Adv Cardiovasc Dis , July 2023, Vol. 44, No. 7 - 587 -

( maximal standard uptake value,SUVmax) f25 57, X 3%
B TCT IRy n] REX IMLAE A AE K- JC I i, di
UTI 55— T 70 16 20 {51 40, 20080 )R % PR T
TCT XoF I8 48 A 14 52 W, ARG 5 B A I 5 58 AN
T, 432 7RI E] Y ICT 3697, Hirh 80% (5% F
15% WY& 530 #e 52 17 PD-1 Jifi 1) CTLA-4 4 i) 571
PLJe PD-1 Bk CTLAA BUGREIRYT . eI & 1
ICLYRYTHIG 6 3k X I (FH E 3k E3h kS B
EFhk B bk B sk S Mg s k) T F-FDG B
B0, 458 iR *F-FDG SUVmax 7E ICI J4 97 TF 44 J5 184
Iy 22.1% , 3 H SUVmax (%34 e 4545 16 42 B 45
TR 3l bk B 5 oy 98 1Y, T H RE-EE R A AL 3 bk BE 1Y)
"F-FDGIEEUAR Z 50, 3 22 W 1CT 3477 vl B 5 i 1
TSI JDCRE 5 i o S SR B A A RE B Ak 1) Bl Dk s
FERE AL 42 1) B SO R e B K e . 31X 5 R Bl ik
sk RE A AL TR s BURRAE — B, 34 5 I B He A A X
B2 WA AE AN L, T WG 300 78 0 & B R I IR AR 5 4k
FILFAEAC DK I, G A0 MR R AR XA 07

T3 — SRS AT CT UG PEAL 1CT IR Y7 %)
 JE 0 K o3 A BB AL BRE SR P S 00 . Drobini 251 HE47 14
WFFE & B ICT R YT o B REHR N R 15 40 TR e 1) i e 58347
A i, MR BB AR N ICT IR ST RTIY 2. 1% /4R 5
BTG ICHIRYT G 6. 7% /4F 5 IF HLAE AT 262
YByT B 8 1CTIRYT Ja AR R A 3 I #2 FE
WS G o R A — 635 (9141 15 0 — 351/ IR A 57
WFgE O AR T AR B SR, A R K Bk E AR
FEAY B KRR R AL BE B TCT 57 J5 35 43 Wz A, itk 114
SERX T AR PET/ CT AR IFAL Sk A AE K o

R T SRt L 58 e A1, 2l Jok ks A A Ak M 005 3k 7T
FECA B RN SN, F IR 3 LT 4G 0 A8 0 A=
WIbRARY) C RN AR (K FRE L SR $ 3 Y B
FE RS TCT AN 5 W6 o 987 A5 8 AR A0 A At 11
"F-FDGHECRIMm N C J R 2 Ko 3K 7 — 5 P
b ERBR ICT R y7 nl RE XS b e K827 3l Dk ok A s AL AR
KA By SN SNL TG R0, SR TSR A 1 TR B A
P A0 QN ERAZ LR T A0 ) AR A BT 1 Bl A
RS HEAT SN TRAR ) 70 hr o
4  HYRITETRS ICT 8 X BBk REL PR 1E R

VAR R BOR B 2 IR 52 1CT 597 A] e 38
TV SRIREAE AL IXURS: 3 1, Rt , 259036 97 e A5 R 1K 1CT AR
KBy ok o B BE Al 1 O I 2R 1 R A KU 1 Sk F 5T
P

T TRZIY A BE FEAR AR K-, 18 B & FE R
B 3005 N R D e 25 LRI D RAE 19 VE T, BRI
il AT eV LA RGN 21 B2 G R H AL T EAR G

PUR-1 B ek, FAE T 40 M 60 800 b & ¥ T AR
JIM . Drobni 25 BF5E % B 7T 26 25 9 Rk e 3 1C1
SEUY SRR G 33 R FE LE TR A AL 3l Bk ol e
B ARG S PP B g T 3k WA TT 2K 26 4 AT REFHL AL
LS 30 I A T A 7 1) A R S BB B X e
55 A A IR R P WS B I — B AT
T2 YA A LG S5 3 19 H 5 o 997 R 22
AT T AT R HIURE PR T RS P e PRI 9 0 — 2 1A
B S IR0 P 36 0o 245 0t 45 i 6 2% v 1T
RSO L85 0 0 ) 2 H IR AR AT 5 1 SR 0 29
AN T ARk REE B A ORBILIE R Rk R B2 B
R REZAAHS ST 2 1 AT T 1 R T 40 e A Rk
37 A D RER AR 5 T PD-1 5 OB S ™ o

P TS0 K S R T A ARG BB I I R S8 2, B
AL — el RBF T TR0 T 904896 97 % 3l Ik g B i
A I B 05 17 2% 0, B R T3 97 R XL
FIENE Hb F AR AL 48 B 28 25 W BK K AL L, A1 541
2 P B AR AR S 8 5 1 kI P L5 1 XU
AN, B AT R R A AT 0 0 JUURE 6 56 25 1) 52 1
eI P LA S RURE 7 o R, BRI R 75 RE
1 TCT A 56 3 Jik 585 B B8 1k RUBS: T 4 S 35 28, 45 3¢
Bk SROE RO BE T 1% nivolumab J4 Y7 B 2
JgiE e B ICT DG4 e VST 40 EAh, RAT 2
JFR I BEAEIATT AR Fh Pk b, JE B D7 1 7
WA irAE % A JXURS: o B 7 P 04 S T 4

O MAS PR A X TCT 97 30 5 Mt 2 3 0 L
B W R, ) B, T B — BB R SE R B, O
B S 1CT AT R0 o) ] REAEAEAR EL AR . — T[]
BRI 7T s A T 1 012 f5il4% 32 PD-1/PD-LI
BAFEIAYT A [ 2 T g B, SEA TR
L5 95 25 U XTI R4S SR BRI SR, 285 242 /S g o
BERETT , S BRAE B 32 VR ELYE 790 b 7T 255 24 9y 1 ol =]
VL B £ LT TCL 7 R AR, 9K T A Sl 7 8 22 O
FEHAF S X BELE I
5 INEFIRE

Wt TCT 3 B IE B 38 22 F 8 A RER K, BT
Rk 5 TCT AR 0 KSR RERE AL U I A5 18 5 14
KO R BN . R Lk K R BB 52 8 R B 1CL
QU SR S0 Bk oH6 R 8 1 45 A B B 33K ol 5% k) T R L
A 1o P SR AR ST 48 7 B Bl ICT AR 56 3l ik s A
B AR 14 ML A 6 A A A A 1 TR it 3 e T
TEIG R Z T8 b, ICT 8l ok 36 B A 1k 22 1] ) 56 2R 22 3k
TR/ EEERIF ST 48 Y, oA ohe 7 B R R AR o AR [
W75 ] 15 P S TIE S 03K R 28, 06 v XU A £
ooy PR 25 6 AT 75 08 0T 0 LA AR AU ML 65 58 42 2 A R



- 588 -

OIMERFIERE 2023 7 A 44 B 7 Adv Cardiovasc Dis , July 2023, Vol. 44 ,No. 7

Bo AEA—NRRRAY EE AR, RO A 0 2 57 R T
HICHIVT R G0, X552 1CL R T7 =BUE 1 s R Al R
W JRIT T AR SR E BTG A B TRt — R
LA 1CT AH SN kot e A AL 8 2 127 Rt B
Tt , foe KRR B ML PR UE SR TCT 360 00 I (.00 i 2
B R A I TS AR 6

(1]

(5]

(6]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[17]

& F 3z

Hodi FS, Chiarion-Sileni V, Gonzalez R, et al. Nivolumab plus ipilimumab or
nivolumab alone versus ipilimumab alone in advanced melanoma ( CheckMate
067) :4-year outcomes of a multicentre, randomised, phase 3 trial [ J]. Lancet
Oncol ,2018,19(11) :1480-1492.

Larkin J, Chiarion-Sileni V,Gonzalez R, et al. Five-year survival with combined
nivolumab and ipilimumab in advanced melanomal J]. N Engl J Med,2019,381
(16) :1535-1546.

Postow MA , Sidlow R, Hellmann MD. Immune-related adverse events associated
with immune checkpoint blockade[ J]. N Engl J Med,2018,378(2) :158-168.
Haslam A, Prasad V. Estimation of the percentage of US patients with cancer
who are eligible for and respond to checkpoint inhibitor immunotherapy drugs
[J].JAMA Netw Open,2019,2(5) :e192535.

Salem JE, Manouchehri A, Moey M, et al. Cardiovascular toxicities associated
with  immune inhibitors: an

checkpoint observational ,

pharmacovigilance study[ J]. Lancet Oncol ,2018,19(12) :1579-1589.

retrospective ,

Escudier M, Cautela J, Malissen N, et al. Clinical features, management, and
outcomes of immune checkpoint inhibitor-related cardiotoxicity[ J ]. Circulation,
2017,136(21) :2085-2087.

Wang DY, Salem JE, Cohen JV et al. Fatal toxic effects associated with immune
checkpoint inhibitors: a systematic review and meta-analysis[ J]. JAMA Oncol,
2018,4(12) :1721-1728.

Lindquist M. VigiBase,the WHO Global ICSR Database System: basic facts[ J].
Ther Innov Regul Sci,2008,42(5) :409-419.

Patrinely JR Jr, Young AC, Quach H, et al. Survivorship in immune therapy:
assessing toxicities, body composition and health-related quality of life among
long-term survivors treated with antibodies to programmed death-1 receptor and
its ligand[ J]. Eur J Cancer,2020,135.211-220.

O’ Reilly A,Hughes P, Mann J, et al. An immunotherapy survivor population :
health-related quality of life and toxicity in patients with metastatic melanoma
treated with immune checkpoint inhibitors[ J]. Support Care Cancer,2020,28
(2):561-570.

Lutgens E,Seijkens TTP. Cancer patients receiving immune checkpoint inhibitor
therapy are at an increased risk for atherosclerotic cardiovascular disease[J].
J Immunother Cancer,2020,8( 1) :e000300.

Coureau M, Meert AP, Berghmans T, et al. Efficacy and toxicity of immune-
checkpoint inhibitors in patients with preexisting autoimmune disorders [ J].
Front Med ( Lausanne) ,2020,7:137.

Gremese E, Alivernini S, Ferraccioli ES, et al. Checkpoint inhibitors ( CPI) and
autoimmune chronic inflammatory diseases ( ACIDs ) : tolerance and loss of
tolerance in the occurrence of immuno-rheumatologic manifestations [ J ]. Clin
Immunol ,2020,214 :108395.

Cuddy S,Payne DL, Murphy DJ, et al. Incidental coronary artery calcification in
cancer imaging[ J]. JACC CardioOncol ,2019,1(1) ;135-137.

Vincent L, Leedy D,Masri SC,et al. Cardiovascular disease and cancer:is there
increasing overlap? [ J]. Curr Oncol Rep,2019,21(6) .47.

Tomita Y, Sueta D, Kakiuchi Y, et al. Acute coronary syndrome as a possible
immune-related adverse event in a lung cancer patient achieving a complete
response to anti-PD-1 immune checkpoint antibody [ J]. Ann Oncol, 2017, 28
(11):2893-2895.

Chen X, Wu Q, You L, et al. Propofol attenuates pancreatic cancer malignant

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

potential via inhibition of NMDA receptor[ J]. Eur J Pharmacol ,2017,795 ;150-
159.

Bar J,Markel G, Gottfried T, et al. Acute vascular events as a possibly related
adverse event of immunotherapy :a single-institute retrospective study[ J]. Eur J
Cancer,2019,120.122-131.

Drobni ZD, Alvi RM, Taron J, et al. Association between immune checkpoint
inhibitors with cardiovascular events and atherosclerotic plaque[ J]. Circulation,
2020,142(24) :2299-2311.

Solinas C,Saba L, Sganzerla P, et al. Venous and arterial thromboembolic events
with immune checkpoint inhibitors: a systematic review[ J|. Thromb Res,2020,
196 :444-453.

Fernandez DM, Rahman AH, Fernandez NF et al. Single-cell immune landscape
of human atherosclerotic plaques[ J]. Nat Med,2019,25(10) :1576-1588.
Depuydt MAC, Prange KHM, Slenders L, et al. Microanatomy of the human
atherosclerotic plaque by single-cell transcriptomics [ J]. Circ Res, 2020, 127
(11) :1437-1455.

Winkels H, Ehinger E, Vassallo M, et al. Atlas of the immune cell repertoire in
mouse atherosclerosis defined by single-cell RNA-sequencing and mass
cytometry[ J]. Circ Res,2018,122(12) :1675-1688.

Seijkens TTP, Lutgens E. Cardiovascular oncology: exploring the effects of
targeted cancer therapies on atherosclerosis [ J]. Curr Opin Lipidol, 2018, 29
(5):381-388.

Padgett LE, Araujo DJ, Hedrick CC, et al. Functional crosstalk between T cells
and monocytes in cancer and atherosclerosis[ J . J Leukoc Biol,2020,108(1) :
297-308.

Gotsman 1, Grabie N, Dacosta R, et al. Proatherogenic immune responses are
regulated by the PD-1/PD-L pathway in mice [ J]. J Clin Invest, 2007, 117
(10) :2974-2982.

Bu DX, Tarrio M, Maganto-garcia E, et al. Impairment of the programmed cell
death-1 pathway increases atherosclerotic lesion development and inflammation
[J]. Arterioscler Thromb Vasc Biol ,2011,31(5) ;:1100-1107.

Buono C, Pang H, Uchida Y, et al. B7-1/B7-2 costimulation regulates plaque
antigen-specific T-cell responses and atherogenesis in low-density lipoprotein
receptor-deficient mice[ J ]. Circulation,2004,109(16) :2009-2015.

Ewing MM, Karper JC, Abdul S, et al. T-cell co-stimulation by CD28-CD80/86
and its negative regulator CTLA4 strongly influence accelerated atherosclerosis
development[ J]. Int J Cardiol ,2013,168(3) :1965-1974.

Matsumoto T, Sasaki N, Yamashita T, et al. Overexpression of cytotoxic
T-lymphocyte-associated antigen-4 prevents atherosclerosis in mice [ J ].
Arterioscler Thromb Vasc Biol ,2016,36(6) :1141-1151.

Poels K, van Leent MMT, Reiche ME, et al. Antibody-mediated inhibition of
CTLA4 aggravates atherosclerotic plaque inflammation and progression in
hyperlipidemic mice[ J]. Cells,2020,9(9) :1987.

Poels K,van Leent MMT, Boutros C, et al. Inmune checkpoint inhibitor therapy
aggravates T cell-driven plaque inflammation in atherosclerosis [ J ]. JACC
CardioOncol ,2020,2(4) :599-610.

Newman JL,Stone JR. Immune checkpoint inhibition alters the inflammatory cell
composition of human coronary artery atherosclerosis [ J]. Cardiovasc Pathol,
2019,43:107148.

Kusters PJH, Lutgens E, Seijkens TTP. Exploring immune checkpoints as
potential therapeutic targets in atherosclerosis [ J |. Cardiovasc Res, 2018, 114
(3):368-377.

Tarkin JM, Joshi FR, Rudd JH. PET imaging of inflammation in atherosclerosis
[J]. Nat Rev Cardiol ,2014,11(8) :443-457.

Calabretta R, Hoeller C, Pichler V, et al. Inmune checkpoint inhibitor therapy
induces inflammatory activity in large arteries[ J]. Circulation,2020,142(24) .
2396-2398.

Jonasson L, Holm J, Skalli O, et al. Regional accumulations of T cells,
macrophages , and smooth muscle cells in the human atherosclerotic plaque[ J].

Arteriosclerosis, 1986 ,6(2) :131-138.

(#5597 T0)



- 592 -

(6]

[7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

OIMERFIERE 2023 7 A 44 B 7 Adv Cardiovasc Dis , July 2023, Vol. 44 ,No. 7

Lenz T. [ Treatment of renal artery stenosis in the year 2021 ] [ J]. Internist
(Berl) ,2021,62(3) :252-262.

Abene EE, Gimba ZM, Edah JO, et al. Blood pressure control and kidney
damage in hypertension;results of a three-center cross-sectional study in North
Central Nigeria[ J]. Niger J Clin Pract,2020,23(11) :1590-1597.

Cooper EL,Xie Y, Nguyen H,et al. Early rapid decline in kidney function in
medically managed patients with atherosclerotic renal artery stenosis[ J]. ] Am
Heart Assoc,2019,8(11) :e012366.

Hricik DE, Browning PJ, Kopelman R, et al. Captopril-induced functional renal
insufficiency in patients with bilateral renal-artery stenoses or renal-artery
stenosis in a solitary kidney[ J]. N Engl J Med,1983,308(7) :373-376.
Herrmann SM, Textor SC. Current concepts in the treatment of renovascular
hypertension[ J]. Am J Hypertens,2018,31(2) :139-149.

Koratala A, Chamarthi G, Touyz RM, et al. Renovascular hypertension; one size
does not fit all: challenges in diagnosis and management [ J ]. Hypertension,
2021,77(4) :1022-1028.

Prince M, Tafur JD, White CJ, et al. When and how should we revascularize
patients with atherosclerotic renal artery stenosis? [ J]. JACC Cardiovasc Interv,
2019,12(6) :505-517.

Triantis G, Chalikias GK, Ioannidis E, et al. Renal artery revascularization is a
controversial treatment strategy for renal artery stenosis: a case series and a brief
review of the current literature[ J]. Hellenic J Cardiol ,2022,65 :42-48.

Bhalla V, Textor SC, Beckman JA, et al. Revascularization for renovascular
disease: a scientific statement from the American Heart Association [ J].
Hypertension,2022,79(8) :el28-e143.

Peng M, Ji W, Jiang X, et al. Selective stent placement versus balloon angioplasty
for renovascular hypertension caused by Takayasu arteritis: two-year results[ J].
Int J Cardiol ,2016,205:117-123.

de Bhailis A, Al-Chalabi S,Hagemann R et al. Managing acute presentations of
atheromatous renal artery stenosis[ J]. BMC Nephrol ,2022,23(1) :1-9.
Manohar S, Hamadah A, Herrmann SM, et al. Total renal artery occlusion:
recovery of function after revascularization[ J]. Am J Kidney Dis,2018,71(5) :
748-753.

Abumoawad A ,Saad A, Ferguson CM, et al. Tissue hypoxia, inflammation, and
loss of glomerular filtration rate in human atherosclerotic renovascular disease
[J]. Kidney Int,2019,95(4) :948-957.

P E T PR At I PR A TR AR i 2% LA 100 1 LT 20 2 % VR B 4. 5 5
FRBEZE {92 Wi it ab 2 v [ SRR LT P [ 6 36 % A, 2017, 32.(9)

835-844.

Li LP,Hack B,Seeliger E, et al. MRI mapping of the blood oxygenation sensitive
parameter T, * in the kidney :basic concept[ J]. Methods Mol Biol ,2021,2216:
171-185.

Lin Z,Zhang B, Lin L, et al. Blood oxygen level dependent magnetic resonance
imaging to predict split renal function improvement after renal artery stenting
[J]. Eur J Vasc Endovasc Surg,2022,63(4) :659-660.

Zhao L,Li G,Meng F, et al. Cortical and medullary oxygenation evaluation of
kidneys with renal artery stenosis by BOLD-MRI[ J]. PLoS One, 2022, 17
(3) :e0264630.

Lerman LO. Cell-based regenerative medicine for renovascular disease [ J].
Trends Mol Med,2021,27(9) :882-894.

Textor SC, Lerman LO. Paradigm shifts in atherosclerotic renovascular disease :
where are we now? [ J].J Am Soc Nephrol ,2015,26(9) :2074-2080.

Simeoni M, Borrelli S, Garofalo C, et al. Atherosclerotic-nephropathy : an updated
narrative review[ J].J Nephrol ,2021,34(1) ;:125-136.

Textor SC, Abumoawad A, Saad A, et al. Stem cell therapy for microvascular
injury associated with ischemic nephropathy[ J]. Cells,2021,10(4) :765.
Ishiuchi N, Nakashima A, Doi S, et al. Hypoxia-preconditioned mesenchymal
stem cells prevent renal fibrosis and inflammation in ischemia-reperfusion rats
[J].Stem Cell Res Ther,2020,11(1) :130.

Wang W,Sai WL, Yang B. [ The role of macrophage polarization and interaction
with renal tubular epithelial cells in ischemia-reperfusion induced acute kidney
injury ] [ J]. Sheng Li Xue Bao,2022,74(1) ;28-38.

Ferguson CM, Farahani RA, Zhu XY, et al. Mesenchymal stem/stromal cell-
derived extracellular vesicles elicit better preservation of the intra-renal
microvasculature than renal revascularization in pigs with renovascular disease
[J]. Cells,2021,10(4) :763.

Tanriover C, Copur S, Ucku D, et al. The mitochondrion: a promising target for
kidney disease[ J]. Pharmaceutics,2023,15(2) :570.

Engel JE, Williams E, Williams ML, et al. Targeted VEGF (vascular endothelial
growth factor) therapy induces long-term renal recovery in chronic kidney
disease via macrophage polarization [ J ]. Hypertension, 2019, 74 (5 ).
1113-1123.

Miao C,Zhu X, Wei X, et al. Pro- and anti-fibrotic effects of vascular endothelial

growth factor in chronic kidney diseases[ J]. Ren Fail ,2022,44 (1) :881-892.
A% B #7.2022-10-13

R IR ST SRR SIS SR = IR S IR SIS S =S S SIS S I S S S L S S S =S S S Sy Se S Syl S =y = Sy Spe S S e e S S e S e =y S Sy =

(_E#%55 580 )

(28]

[29]

[30]

Valgimigli M, Gagnor A, Calabré P, et al. Radial versus femoral access in
patients with acute coronary syndromes undergoing invasive management: a
randomised multicentre trial[ J]. Lancet,2015,385(9986) :2465-2476.
Tarighatnia A, Farajollahi AR, Mohammadalian AH, et al. Radiation exposure
levels according to vascular access sites during PCI; a prospective controlled
study[ J]. Herz,2019,44 (4) :330-335.

o I T B 2o ML PRI T 2 2, e T P 2 L P 0T 02
Rpif R A 2, PR AN BT R o 22 4. SR B Ik £ A AE
PO IR T A 9 th P76 22 e KGR [T]. PR N R, 2016, 55
(10) :813-824.

Robinson M, Horn J. Clinical pharmacology of proton pump inhibitors: what the
practising physician needs to know[ J]. Drugs,2003,63(24) :2739-2754.

Collet JP,Thiele H,Barbato E, et al. 2020 ESC Guidelines for the management
of acute coronary syndromes in patients presenting without persistent ST-segment
elevation[ J|. Eur Heart J,2021,42(14) :1289-1367.

Agewall S, Cattaneo M, Collet JP, et al. Expert position paper on the use of
proton pump inhibitors in patients with cardiovascular disease and antithrombotic

therapy[ J]. Eur Heart J,2013,34(23) .1708-1713,1713a-1713b.
BCAG B A .2022-11-15



