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AR, BETHR-ILERKE RS (re-
nin-angiotensin system, RAS)7E il [ & A2 ke
BN, RETFRBIIER T LRASIE IR
BT PR L o . W] ) B 3R A B SR W P R 2K
RALFE, HELEE 5B SR FH A RS RS 7
RIEPDL BhijE, ST EIKE 1 (Ang 1)FIZ Ik
BTPMD3 11715 AR50 A W 52 20U 1) e e Th &%, ml fig
VTR F T PR AR S i Kk
#1l(Ang IHZIREE S+, XCYT006-AngQb A7)
HAHAUEE] | 8RR, RASKRIBHEIEE — €%
JE _EHI12 T R AT SR, S s Ang 11
DNAJE B fER R Zh ) R T R R R R,
B R R 36 IE A 47 24 b ) R, DA K
% 11 5244 1% (angiotensin I type 1 receptor, ATIR)A
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Table 1 Therapeutic hypertension vaccines in preclinical research

POk (virus-like particles, VLPs) N#EAER, %Xt
ATI1RMAM B3 — 3 5 5€ R AL 2 K 1 ATRQPB-
001", %92 17 RE A 2%k AR ARG o I S B 7R F o ), 1)
2241tk BT, A5IERASKMENE. #H— SRR
B, XS SRR REAL . B PRI 0 AN I S Bl bk
RS EA RIFHIBHGIER, F¢H AT A SOl
Sz 0. ATRQB-00 1 i AR 70 Bl SRA A
AT VR 7 PR 928 X — T 107 s 5 0, AR 3R
ARG PR AT 7 IR I FT(R 1R12).

AR T, A H A4k S AR AR R 1 FHoAth 5 1f R
ML(1) o DHE FRRREESZ (0, DR): A BAFF G H
WER T %%t DRIFJADRQB-004E 1, %5 i e b4
1 1 e T S B I, e e o g S RISy
BB, (i) LAABIEIE: A N B SERT ] T B0 i A
P LA LA 380 38 ) i, SRt — DRk T FIR &
XTATIR G LAY @ E ) A i S b, 2% i XS iy
ANEE i, 3R 2B RN e L S AR R L, R A
BB R YIAIRR 2 B AT I SERR R, o T
TR % IR AR R 5 1) B AT 48 51 3 X

B PET R ivika A E= DU
s | Xﬂgfﬂ?{%m}jéj%zfgﬁggé;ﬁEPE‘JI‘%ET’E@ 1958 3]
nx? ”x?ftfﬂj? F%TEE?%{?& ﬁﬂ}j—i(q&ﬁgﬁzggﬁ%mHg), 1E§| IEI%RHE Q E’ 1987 [4]
H® VAKLH A ER A A8 B e 1 FEARG 15 R v i A BRI (U7 R P 15 mmHg) 2013 [5]
MEEKEIT PATT AR B I P SRFE H LR I PR 2000 [6]
MERKE VAKLH/TT N E R AR e B A BE PR I 2003 [7]
Mg &K= 11 PAQB VLPA#AAR K BERE 1 FAARG 15 oA 7 L A BRI (L4 R B A2 1 mmHig) 2007 [8]
IR S| VAKLH R R I 1 R AR v AL B B 470 100 e (SR 4 H R A I B i) 2013 [9]
AR PIHAV VLPJy#k (A (1% & B0 1 FAAR B % P vy If A K BRI 23/12 mmHg 2013 [10]
MEEKR DNAJE FEARR A v I K BRI (AR F LA B i) 2015 [12]
ATIR PATT A3 B B e MR ﬁfi%ﬁ%gﬁ%%i&g;gﬁn mm#g), 2006 [14]
ATIR CAKLEOS A0 (B FIRRRIL T SUILRCRIR I SIRIERID. 5010 i)

F=a AR S I () B HE .

wIDR viop VLPiikt ey FHIRHRIEE R SLIECGCRIS mnig). 500 oy
LAEEIE/ATIR - UAHBcAg VLP AR A (0 & 225 FAEAR 5 PR B DL TE (AR T 125 mimH), 2019 [22]
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Table 2 Therapeutic hypertension vaccines in clinical trials

#S FE MR TE BT B WEFRBE(N) Fée J R Fr ZEI
MEEKE | PAKLH A 8 A4 B I 1 T 30l PR e 50 T 2003 [6]
M &K 1 PAKLH A 3 A4 A e i 11 31 PR 56 27 J 2004 (7]
MEEKEIT  LLQB VLP A AR MR T S PR 56 16 x 2006 [8]
MAEFEKEIL  AQB VLPAE M B B 1T 390l A R 72 KFE A M FEFEAI625/13 mmHg 2008 [11]
MEEHREKI DNAJE T, Malfilf Rk 36 AT R BEAT [13]

L2 IRy PR AR W

R IR R IR R A A2 Al 19574,
Gero NP DABHE & A E AP SEAT vy, s
MU G P2 A i pAR B I pLAAs, kI sh Bk FEaifl. th/s
REEEBEE T 2 A FEARRE R, WU AU IR A
(oxidized low-density lipoproteinox, LDL). #% 82 -
B(apolipoprotein B, ApoB). AH[E EEHE 41z & [1(cho-
lesteryl ester transfer protein, CETP). fgMiZHZ{VeRn
AR 1L AL A B35 18 2 9(proprotein  convertase sub-
tilisin/kexin type 9, PCSK9)%. oxLDLJ i i i5 F 4L
A7 HE Hlox LDLAF s MEHUAR,  FRAGE TR & B R gk
S IE [ E (total cholesterol, TC) & H i = fi(triglycer-
ide, TG) & H, 40 Nk S REREAL T Y. ApoBs 1y ]
PABEAIRLDL 32 A4 2 Rl B /N BR TG K, I8 b sl ik it i
BES . 5 LR L, CETPRE B il ffi SL 3 5h )
HDL-c i 812 H42%, [FIRELDL-cF#1k24%, JF4ii
PEREBEHR AT 0. B 1 b, CETP-DNAJE 1 [ B
WA T AR HA AW, CETPRk
T I AR BE 9 R 3RS S sh s i — i g 100
BRI ZAVe R G T M T, HyUERAR BT
JEWTAZ, C2 58 M2 /NI TR RIS, 1202
B A 2 OO R ORGSR B R AR, PR
{RTG/HDL,  H § IEAE S % 14 H B0 50 Bk o8 1 A
A FHHEAT SE R 1T 1l A 5.

PCSK9 & it 4F K B g S8 (1 B 22 2 1, 40l
PCSK9iF M 8l 7 & v] i 2 PR MK LDL-c & IR 25 H (a)
/K*F. FOURIERFIODYSSEY OUTCOMES% Il AR #F
FEUESE | PCSK9 B.HTLE [ F K Ik /> ASCVD XU 77 1]
B, B AT EUE TR, (E s 2 . e
FPUAAZ IRR ) T2 IE IR . PCSK9YRYT M
ST A AR/ BRI LDL-c /KPP (3 4). A

At B FHFR T A XTPCSK9 G IT &
PCSK9QB-003"", &4 SL6iF StPCSK9QB-003 1] i 2
FEAR /N B LDL-c /K1, FNHIEAEBE R T RR, k%
Je 07 s Rk JR D I, 12028 A W S i R 4% S T
MapiEAL, DB ML ditk, (R Eoae”®. AFFITO-
PE®ATO04AFIATO6A A I 4b T Ilfs R HF 7B B T PCSK9
YRIT YRS, FIGIRATHE A gs R B 1 B w3l sh ik
EREREAL 1 T,

13 STPHERE B b

(1) 1EBEJRIF(TIDM)EE . TIDMZ—Fi 5 & %
P, AR T 1S BAT A5 A5 BT 5l k.
EREMERIITIDMA S HEPY, shdsessd R
MR ERAI G TRB R, HFRENZ, 1L
HHITIDME & A R D0 SR, s PR i i
i B 11 AR R 5 3R 45 24 R RE S % BB e TIDM K R 2B K
JR ), xR R R IDNAKE B 7E T i R
o rbas ) 7RG R R, S T AR A R TSR
HKIEDNAF K158 f5, TIDMHEECHK/K 8N T
19.5%, 11 % JE 25 5 2 CIIR AR ST T A T 8.8% ). ik
T3 5 BT L 1 25 & B M 2 ¥ (glutamic acid decarbox-
ylase, GAD)ZSETIDM &I I — R 5 &t
J51) GADY 1 (GAD-alum) T 1 % 1T #1l6 PRt B 45 5
BoR, X 2K TIDME [ 6N H 3, GAD-
alum B2 N VE S RAME] T CRRIKR LT %, 4EHE 1k
B4 T et SR, T R R 36 2 B R
GAD-alum# BEF7 1IET1DM 3295 15 1 & R U gy
SEIGHIFSE, £ %TGADIKIDNAYE 1 5 2 FRAK 7 /N R Kb
PRI R A2 B HOHT MR AT I R R 56
£/ i (Bacille Calmette-Guérin, BCG)JE A #% H T 45
e Bk, BBCGR H T T1DMAL R B4 al A 240
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Table 3 Hyperlipidemia vaccines in preclinical research

gy R WFRER EA Sk
o " , ARG 5 BH 7 B (5600 vs. 710 mg/dL, AR$332 vs.
BIREE T PIREAEHLR 560 mg/dL), HII3HEREH DT 1957 (23]
¢ iy i AR E RO FEAR 1 E [ B (671£144.6 vs. 711.2+63.4 mg/dL) &
R A SR H I =5(198.8+49.2 vs. 254.8+139.4 mg/dL) 2007 [24]
R~ WA H I = 8(2.74£0.95 vs. 4.5+2.15 mg/mL), 1]
ApoB ApoB-100% i Ik Bt BB 1 2008 [25]
S e S A e A i e T PR HDL-c(1 B 42%), BEARLDL-c(1E 5 24%),
JIE [ Pt P i 2 ] st P 2 i P 2 e o O B SRR REH [ 2000 [26]
R EHDL-¢(0.560.05 vs. 0.42+0.03 mmol/L), F&fik
JH [ B e e R DNAZE 1 LDL-¢(3.46+0.21 vs. 5.44+0.36 mmol/L), #HIEFE 2006 [27]
BRI 1L
PCSK9 PCSKOZ i Ik Bk F#{KLDL-c(F#135%~60%) 2012 [32]
PCSK9 KLH A AR AR LDL-c(F41E35%~40%) 2014 [33]
PCSK9 LAQB VLP A (1 B I FEARLDL-c(F4ME25%) 2017 [34]
F a4 NG R B B RE 9% v
Table 4 Hyperlipidemia vaccines in clinical trials
A S Wb B AR Wi sh o ZHEHR
S ffs 1 O ] s 3 ) o SN, WD IR 2 4, AR
JIE i i R A AR E2(ATHO3) 1 i PR 30 36 HDL o3 2011 [28]
- . i N A %A TG/HDL LU AR (1 -
JiEp A ARIERRIHL PSR RS 12 42 5%), K 5%;&; 2010 [29]
R RIS DGR 300 ‘E%J{Hfgﬁfjfi%ﬁ*& 2017 -
PCSK9 CAKLHA B 9 I i T HAI R 5 72 P /A ] 2017 -

(ATO4A)

HIBIR R . T W PRIRIE 25 SR WoR, BCGHT 23 %
KTIDMZEEHbALC/KT, RAKIFZEHA R FH A 8™
FEARHEC . A T PR 1R TEAE AT

(2) 2Z4HE RSB (T2DM)ZE 1. A 4L/ 25 -1B(inter-
leukin-1p, TL-1B)RJ 5] 2 MR & 2 HEPUA g 5 pAm p g T2,
15 PR ARS8 UF SETL- 152 4445 B0 77 BRI L- 1 B 5 v B Ak mT
WELET2DMII R AP IL-1B i CYTO13-IL1bQb T 5
SR AR BT I TL- 1B AR A, A R Seste W PR s /) B
R S pa Y T IR IR S R, KAIE .
Z UGEHTCYTO13-IL1bQbYZE P AT PR A 3 25 I Ik
HbAlc K CR M FKF, [FRRHI™EA R R
S22 5). T e I BE ZEREK- 1 (glucagon-like peptide-1,
GLP-1)E A PR M . 061 g2 & B4 i 0 T /R A,
{H ] B — Bk IR ER (dipeptidy]l peptidase-4, DPP4)i\i#
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I3 fiEt, EEXTDPPA IR AT A RS = R O B TR E /N
FRE™, BRI E R REZ ik (islet amyloid polypeptide,
IAPP)JURA T H S B e, Bl 20E . BN M R 45 4
FE RSP T, S T2DMMEEHRK R
—P0 ToDM 3 137 T HUIAPPHU A W] FEARIAPP XS i
Span s EELE T HE ik, I TAPPIK B ol 5 5 4
W HIAPPYE T, e I TAPPYE R & FIUTAR, 4E
ZET2DMIF AR,

2 IRTTPEEEEAL S S A AL
2.0 FEREAATE R R

A UGV PSS XS HLARR S E R4, i
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Table 5 Hyperglycemia vaccines in clinical trials

B R B RBB BRI (N WFF s R FEfy SH LR
" Y 2 B . A BETT T1DMEL LE
JBR 3 AU = S AR T R e 560 SET1DMIf) 1 I ] 2017 [41]
A o 1 e F B BUHT I DMR AE
iR RS B T PR 5 264 ZTIDMI i ] 2008 [44]
J i R RS FIRGmAD R WIS T 3 AR 158 80 2 Ag%%ﬁ;)c% 2013 [45]
e A B S e CHk. HbAlc/K P\
GAD P LENIEN st IR 34 WBEREEEZL 2012 [46]
BT EEER
% TIDM(FE
R EERZAT A BRI B 95 T I PR 50 52 HbAlc 6.65%, %34k 2018 [50]
KB 18%)
) st R TR S M3 T2DM(HbA 1 i
1L-1p NSRS S T BT ST 48 KWEWR2%, IBEEK 2016 [55]
H B2 mmol/L)

17 5 N 1+ N X (A = e S [ N
NAEPUR. MR REE T, RN R &K
G it IR MR PR AR . RiFmfase
PE I BT AE DA M J 22 Ak RIS, DRyl G 2 A T
LGP, RIE IR B0 B S B D H T 0 U iR
JYPERER, TMKLHAIVLPSIX EAELE 5 AR F 5% B
Ho % 1 FE I B 2 H AT B H O 06 T MR T A
KLHA R H IR T8 A, VLPsAE A TiE#
R [ ALY KRR, AR S, VLPSEKLHE B
%4, JRRAE T VLPs/&Ii 8K 72 1 H BRI
PURFRL, DN ERBZRA Y R i vEs. RO
FEEA . A AEROR R  BKB TR R T, RS B)
G e N, R A B TR B R S AR AR R, R
SRR EET BRI, pah, @ 5 E TR
AR il g T 2T S T VLP I £ Fpo i %
i B, @ GRS R kbR 5 VLP TR
MR SERR I BE LN 45 &, MR AL 22 BB AR g (102122
& EHE MR A Ty U(E ). ek, MAIVLPER I
JEoRANE PR AT 2 IS VLPA S AR S i, ik
B FEON ORI T G ISR B 91,

B IRAB BT S 1 Ab, VAT M8 T A 0 8 kA B2
1+ DNAZ B AMImRNAZE. B FAEYEHEAR N
HVLPH T, BRIKE IR T HIH A VLP 7 T H &
AR, FIRE A KB i R T VLPR [, M4
RS T 02 DNAYE 2 T 400 H 15 1)

DNAZT, B 2R, DNAR T % ZHLAJE, DNA
A3 FRENGINL S B S AE R RS, RIA PR T, it
— B AL S e RO 5 DNAE i 2B
mRNAE I8 44 5 B 0 e 2k, RIAE AT #ith
mRNAZE T, mRNAZT 3 N4 i 5t B v BBk bt
JEA T, B s e B (#k6).

2.2 JRYTIESETE I R AL

ol R A TR B 88 N o VR T I T R AR R I
€M BIEIAY . WRYT YR DL B B BUR T OV, R
P4 R R AT AR e i 52, 5 S AU A2 5 AR
ST, R A 2T M B B I AL IS g
7 A R R AR IR S8 S S, 2 ik A BB
T2 HEra T e ) R @ e, SRR R
KRBT, T mBEREME R, REANEFERS
SR JE M M E A VLD, TE15 TS L A1 4T i B4
i 52 Foeohge, HELFERRD T, 545
A BRI L, P ARG Z IE-VLPE it S
B FOIR 40 B (dendritic  cell, DC)Jf I 25 K38 AH TLAE I,
TR I 5 R R U (i A S B R R AR, (S
G S5 SrcfEE IR R AR, dE I A B B SR A S
S, RO R B,

BT g B T T AR, AHIBASLE T
Z WRAB IS T ) e LA I R, B TR S R RG]
R A BB RGRR), 250 R 18 5 140 i A B4t
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Figure 1 Schematic diagram of VLP-based chemically conjugated vaccine. Chemically conjugated vaccine uses highly immunogenic
macromolecular protein (such as QB VLP) as the carrier to conjugate short peptide antigen through a chemical cross-linking agent. The peptide
antigen is displayed on the surface of the carrier protein to facilitate activation of immune response against peptide antigen

F 6 AFRMERHGT R

Table 6 Different forms of therapeutic vaccines

#p R oy EEBEN
M EHRE I PLQB VLP#A 1L 2 AR BE v 2008 (8]
ATIR PLQB VLP N H M ¥ 1b 2= AR e 1 2013 [16]
alDR PLQB VLP AR 14k 25 AR R T 2019 [21]
LA5@IE/ATIR PAHBcAg VLP AR ik & B9 92 2019 [22]
MEERFE VIHAV A I 1 R 2013 [10]
MEEKRI DNAJEH 2015 [12]
SARS-CoV-2 RBD mRNAJE I} 2020 [63]

fa. DCK Emei ™" VLPs7E # BAH ML R 55
LR Bl B A BAN R 9% . I DCAE A iR PR $2 2
2 ffid (antigen-presenting cell, APC), 775 ORI T4 i
SR A R B T4 (type 1 T helper, Thl), 2%
B TZH M(Th2) S gV By 1% T4H B (follicular help-
er T cell, Tfh)Z&AN [F) 372 DAAH BB AR Mo v L B9 58, 78
AR AT N R W TR 4 4605 Y, R R
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(CpG)RI HY 5 Th1 B4 M G S B, s s A2 55015 5
Th2 R 20 A G 28 S o0 e AR Thho f5 o (1 BAH a4 B T2
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AL S RO Teh, 1%t f5 S BN A SN 1 S5 A1)
JRP 2 U270 BeAh, K TR T 2 B TR
TUEE X SORA M e i, FFEPE R UEIE B4
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R nT B Z Fh PR 4 R4 M, WU T/BAN AL S,
Th sk — D 4l BB 4H M 7™ A= 5 %) B & $EAR ) =25 Al
JIFUR(E2).

TR P95 P DRUE G2 0B P [ I B8 75 38 S i A4 /i
S 141 P 75 7% S (antibody dependent cellular cytotox-
ity, ADCC) S CTL A 3 24 R /2 H pd 1) 2 —. Je i ks 4
BTty v 2R G 7 sURTAEAR KRR B B A AN R e
R WOECTLIMMHC T 28507456 Ik e /MK 248
ANEFERR, M Th4H MR FIMHC 1T K70 T4 2 ik Z= />
N0~ 12N EERR. A 5 I I I B /N B —
RAREE, e E AR LE AL AP g
A5 FR A R AT ko o e R i R4 AR iR O 5 S A
SR S ETANML.  FRACIR v B 110 2 8 I [ 2 S K 42 o
) B85 1T ) S50 S BT e a7, A A A 2 %
i R PR IR 2 7~ 12N E R A R AR

fir, Gu et REAME P51, S Be 1] B it a) 2 /02, e
G E TSI A, CD8™ T4HMA W,
ZaxH ALYV KB BT R U 2 R L AAE
GIE AR AR AR, 25T fROR T 2k
RIBRRE B 1 e 22 k. HARBE IR A A1BA, WINaka-
gami®e NPTV IRAE A AT T (052 1 R AR S AR B
AT IR AN TR, G 1 TR 15 08 e
& Bt i

HA KA B R AAR, 5 RERGH]
R AF AR ST, (B )R SR s LA 4
ARONEROE NNk S RGN /S RtV Py LR TNV
BB BT N B R P 510 JE 2Rk R A 1 R,
HAFENE RS 2 ABECRE #2518l DNAJRE H A
mRNAZE i Ja B 7 e N . B JE R
BARESUR, FIEAPCsTRIUAL 5 AMHC-Ht SR ik

® wEpms
<. BETEEDR

=» [k-MHCI BEY
= TCR

- B7
-  CD28

b - — p =
gim SR8
{THRBY g\m

(k=4

S

-
(PR BN )
w@‘ /@\\ (/.'\
% \\'\;'/J/’ \\. )

R R
HUkRLER

BF/EFIRS
BETARRRE

B 2 2 ARARIBORE B (1 G e NEF LA, DAV LPYARRIURL A 38 1A 1A JOR AR E v ] R4 A S 0 e BEIRUM. RS iy LA
PR B0 i A DC!, 354k JE DC AT A R0 THE BN, 7B 28 12 5 20 0 S BTl 1992 2 45 0 X FDC AN
e BEBAM ML A3 A4, BEK& AR ML (4 4k B 15 P 3% [R5 3 BARML 70 A0 L AT 233 T2 AN 0 S IR S P DU D S A0 M A L AT K30

WCAZ T RE i IZ Y B

Figure 2 Immune responses of peptide conjugated vaccines. Peptide conjugated vaccines using VLP nanoparticles as the carrier can be quickly
recognized by unspecific immunity. Nanoparticle vaccine activates DCs efficiently via lipid raft dependent pathway[ﬁs]. Mature DCs present peptide-
MHC II complex to effectively activate T helper cells. Vaccine captured by macrophages and B cells is presented to follicular FDC cells to promote the
proliferation and activation of B cells. Combined with auxiliary effect from Th cells, B cells finally differentiate into plasma cells secreting high
affinity peptide specific antibodies and memory B cells with long-term memory
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S EYIE I R AT, WS TN S X B o 1k
TP S B2, HNEDNARIMRNA B % 5 1, 7]
PO BT 2 P APCsIH i3 311 5 245 5 Pk S e B, (H I
J5E NPT S O A S T R, PR SRR E A AL
B2 R B8 i Al A R BRI A B R Gk B i
FRPE T B S e SR e, AT B KA L S R 0A Ikt e it 5 4
e s iU R, AN ON T DA e A R 1
GrglEME. H RTAZ IR i R B P T E AR e
I, 5 R I G P AU L FE T 2 BT D 1 4 Y R A R
G SN, O LA 95 AR AT 7T R R AR 2D, IX SRR I%
BV TE AR TN A S SEA 9%, ] P J4ET 4 928 R0 Al
AT RIRE.

2.3 FEIRBEH ATRQB-001 17 A AL

ATRQB-001 i & A BABH A& 19 1 >0 INUET i VA
SRR, WL W, ATRQP-00152 T 43 25 B = 1L &
FPIMLE, PRI OB EAR R, ARSI BKIR AR AL, A5
HERAS SIS, A Semi IE 3 i R Dt v
J9f, AR BNIRANHIEFE 1t X B 0 i K i A4 7E i
GRS h B LR A< BN 4% T B %%
B PR I A B 5 B BTAR (McAb-ATR), K ILATIR
ECL2(¢JPhe182-His183-Tyr184 & McAb-ATR ] 8 44
G, HFHESATIREZE—MIEE S 454, ATIR FF
FEAFEGE QK #PE(S 514 T Mbeta-arrestin{s 5 1%
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Figure 3 Biased regulation of ATRQB-001 vaccine targeting AT1R. McAb-ATR specifically combined with ATIR without influences on Gq and
Gi2/i3 signaling pathways, Ang Il induced Gq or Gi2/i3 uncoupling, Gaq-PLC mediated Ca”" release and renin release mediated by Ca”" inhibited
AC5/6-camp pathway. McAb-ATR biased regulates the beta-arrestin2 signaling pathway by inhibiting Ang Il induced beta-arrestin2-dependent ERK 1/

2 phosphorylation and promoting beta-arrestin2-mediated NFxB p65 inactivation to inhibit atherosclerosis

BUBE R CTLAN, SR T 50 185 & B AL A A
B, RBN AT raRE, B RGRIsE KR
JRPE. DLATRQB-001E 1 A, ATR-001fk B2 %k H
ATIREBANBLE LSS B AL 2k e R AL, Fr B et
=, WS EEEDUA RS T S5ATIRE &, A 8E0 ]
ATIRI)BEI A B RAS R E" . vk, EBEHT
JEHE BRI N2 AR IR, G, W B A
JREFEBREAAVLPs, 5 AMEERK, BHERIELLE
F, REEEER, femniiki, & ahE
ARSI R, S JE v A o, 2 B AR PR AR D YR
Bk, IR, AL G T R RO e w At 5
TR RE WA R A, O M08 2 T 5 S B s LK
FRYERAT TG, AL T B0 B0 A AR ).
X F PRI R8N 115 B 2580 (T T e i e 5 fa 2

77 R BRI, ATRQB-0017 &% S 1gGHifA 3%
WA14.4K, 6w E Sz B kg v4~6 8, ReReRFL:
PEREE BUMPUARTEE. BJa, B ArE N eIy e
GRS R &, TEFROWEESfe %R
e A . ATV A B R, AR
SEE AT B B AR TR 1.

H I 28 K 22 B00 10 ¥ 7 P 8 T AN T X B —
A 2R AR R T RAF PRI RCR. SR 1O LS9
RZ MR ZRAEAERME R, O M S w5 2R
FER R AT, E1 X 2 B0 S B AR T MR T A K
N B R R T, FTIERR . B, AR
BABIE & th & 7100 L5006 B 1, BLFE B M AT IR
ATRQB-001 1+ & XHE LR R 82 A I ADRQB-
00492 1« 5 PU L 7Y 465 300 38 1) 45 3 1 % 1 2 7y e ]

789



IR G A4 O LB T VE R Bt e 5 e B

PCSKOIPCSKIQPB-003 F4 i 125 1 5, [FIIT, A [ BA I HjF
T b ] S At o L7846 3 308 R AT TR PR OB o i A5 7Y
PEW, BN 70T BG4 T B AT 1R JE 1 0 4 T 2k
B, R LT TYRE AR, R, RRFERA
BARHAT Z ¥ SIS T RIS R AN R TR AEH, BL
IR RE T ) B S B AR 25 K, TR
R, KRB KRN TAEFREEE.

o LB e e 6 DR 3 R 1 5 R e g 2 3%
TR T Pk, BT TR, FEAL R

DL 2 B H BT AT SR YT T B iR T TR
PR — R B A i TT T B, R R es s iR
JERMAE, FERREBHE A, 7SO B -t X-
B AL R RAR R  E B A BT TR, e
e 1 PO LB R0V T T A IR, P I 5
By it (R B AU R BRI e ML A
NGRS AR, E0b 2 l, FRATTIE 75 2 A S,
BOe AL, DREFQIH, Bh a7 TR 5 H OB O
I R A 5.

S5 3k

1

The Writing Committee of the Report on Cardiovascular Health and Diseases in China. Report on cardiovascular health and diseases in China
2019: an updated summary (in Chinese). Chin Circul J, 2020, 35: 833-854 [ F [E o Il B fid FE -5 555 1 15 2 55 4. o [0 o0 0L fi S S5 05 1R
2019ME 2, v [EF5FA % &, 2020, 35: 833-854]

2 Brown M J. Success and failure of vaccines against renin-angiotensin system components. Nat Rev Cardiol, 2009, 6: 639-647
Helmer O M. Studies on renin antibodies. Circulation, 1958, 17: 648-652
4 Michel J B, Guettier C, Philippe M, et al. Active immunization against renin in normotensive marmoset. Proc Natl Acad Sci USA, 1987, 84:
43464350
5 QiuZ, Chen X, Zhou Y, et al. Therapeutic vaccines against human and rat renin in spontaneously hypertensive rats. PLoS ONE, 2013, 8: ¢66420
6 Gardiner S M, Auton T R, Downham M R, et al. Active immunization with angiotensin I peptide analogue vaccines selectively reduces the
pressor effects of exogenous angiotensin I in conscious rats. Br J Pharmacol, 2000, 129: 1178-1182
7 Brown M J, Coltart J, Gunewardena K, et al. Randomized double-blind placebo-controlled study of an angiotensin immunotherapeutic vaccine
(PMD3117) in hypertensive subjects. Clin Sci, 2004, 107: 167-173
8 Ambiihl P M, Tissot A C, Fulurija A, et al. A vaccine for hypertension based on virus-like particles: preclinical efficacy and phase I safety and
immunogenicity. J Hypertension, 2007, 25: 63-72
9 Nakagami F, Koriyama H, Nakagami H, et al. Decrease in blood pressure and regression of cardiovascular complications by angiotensin II
vaccine in mice. PLoS ONE, 2013, 8: €60493
10 Ou X, Guo L, Wu J, et al. Construction, expression and immunogenicity of a novel anti-hypertension angiotensin II vaccine based on hepatitis A
virus-like particle. Hum Vaccines Immunother, 2013, 9: 1191-1199
11 Tissot A C, Maurer P, Nussberger J, et al. Effect of immunisation against angiotensin II with CYT006-AngQb on ambulatory blood pressure: a
double-blind, randomised, placebo-controlled phase Ila study. Lancet, 2008, 371: 821-827
12 Koriyama H, Nakagami H, Nakagami F, et al. Long-term reduction of high blood pressure by angiotensin II DNA vaccine in spontaneously
hypertensive rats. Hypertension, 2015, 66: 167-174
13 Nakamaru R, Nakagami H, Rakugi H, et al. Future directions of therapeutic vaccines for chronic diseases. Circ J, 2020, 84: 1895-1902
14 ZhuF, Liao Y, Li L, et al. Target organ protection from a novel angiotensin II receptor (AT1) vaccine ATR12181 in spontaneously hypertensive
rats. Cell Mol Immunol, 2006, 3: 107-114
15 Azegami T, Sasamura H, Hayashi K, et al. Vaccination against the angiotensin type 1 receptor for the prevention of L-NAME-induced
nephropathy. Hypertens Res, 2012, 35: 492-499
16 Chen X, Qiu Z, Yang S, et al. Effectiveness and safety of a therapeutic vaccine against angiotensin II receptor type 1 in hypertensive animals.
Hypertension, 2013, 61: 408416
17 Zhou'Y, Wang S, Qiu Z, et al. ATRQ-001 vaccine prevents atherosclerosis in apolipoprotein E-null mice. J Hypertension, 2016, 34: 474485
18

790

Ding D, Du Y, Qiu Z, et al. Vaccination against type 1 angiotensin receptor prevents streptozotocin-induced diabetic nephropathy. J Mol Med,
2016, 94: 207-218


https://doi.org/10.1038/nrcardio.2009.156
https://doi.org/10.1161/01.CIR.17.4.648
https://doi.org/10.1073/pnas.84.12.4346
https://doi.org/10.1371/journal.pone.0066420
https://doi.org/10.1038/sj.bjp.0703178
https://doi.org/10.1042/CS20030381
https://doi.org/10.1097/HJH.0b013e32800ff5d6
https://doi.org/10.1371/journal.pone.0060493
https://doi.org/10.4161/hv.23940
https://doi.org/10.1016/S0140-6736(08)60381-5
https://doi.org/10.1161/HYPERTENSIONAHA.114.04534
https://doi.org/10.1253/circj.CJ-20-0703
https://doi.org/10.1038/hr.2011.212
https://doi.org/10.1161/HYPERTENSIONAHA.112.201020
https://doi.org/10.1097/HJH.0000000000000835
https://doi.org/10.1007/s00109-015-1343-6

PEBNE: ARl 20224 2% S5

20

21
22

23
24

25

26

27

28

29

30

31

32

33

34
35

36
37

38

39

40
41

42

43

44

Zhang H, Liao M, Cao M, et al. ATRQB-001 vaccine prevents experimental abdominal aortic aneurysms. J Am Heart Assoc, 2019, 8: 012341
Pan Y, Zhou Z, Zhang H, et al. The ATRQB-001 vaccine improves cardiac function and prevents postinfarction cardiac remodeling in mice.
Hypertens Res, 2019, 42: 329-340

Li C, Yan X, Wu D, et al. Vaccine targeted alpha 1D-adrenergic receptor for hypertension. Hypertension, 2019, 74: 1551-1562

Wu H, Wang Y, Wang G, et al. A bivalent antihypertensive vaccine targeting L-type calcium channels and angiotensin AT, receptors. Br J
Pharmacol, 2020, 177: 402-419

Ger S, Gergely J, Jakab L, et al. Inhibition of cholesterol atherosclerosis by immunisation with beta-lipoprotein. Lancet, 1959, 274: 6-7
Asgary S, Saberi S A, Azampanah S. Effect of immunization against ox-LDL with two different antigens on formation and development of
atherosclerosis. Lipids Health Dis, 2007, 6: 32

Fredrikson G N, Bjorkbacka H, Soderberg I, et al. Treatment with apo B peptide vaccines inhibits atherosclerosis in human apo B-100 transgenic
mice without inducing an increase in peptide-specific antibodies. J Internal Med, 2010, 264: 563-570

Rittershaus C W, Miller D P, Thomas L J, et al. Vaccine-induced antibodies inhibit CETP activity in vivo and reduce aortic lesions in a rabbit
model of atherosclerosis. Arterioscler Thromb Vasc Biol, 2000, 20: 2106-2112

Mao D, Kai G, Gaofu Q, et al. Intramuscular immunization with a DNA vaccine encoding a 26-amino acid CETP epitope displayed by HBc
protein and containing CpG DNA inhibits atherosclerosis in a rabbit model of atherosclerosis. Vaccine, 2006, 24: 49424950

Davidson M H, Maki K, Umporowicz D, et al. The safety and immunogenicity of a CETP vaccine in healthy adults. Atherosclerosis, 2003, 169:
113-120

Bourinbaiar A S, Jirathitikal V. Safety and efficacy trial of adipose-tissue derived oral preparation V-6 Immunitor (V-6): results of open-label,
two-month, follow-up study. Lipids Health Dis, 2010, 9: 14

Katsiki N, Athyros V G, Mikhailidis D P, et al. Proprotein convertase subtilisin-kexin type 9 (PCSK9) inhibitors: shaping the future after the
further cardiovascular outcomes research with PCSK9 inhibition in subjects with elevated risk (FOURIER) trial. Metabolism, 2017, 74: 43—46
Sabatine M S, Giugliano R P, Keech A C, et al. Evolocumab and clinical outcomes in patients with cardiovascular disease. N Engl J Med, 2017,
376: 1713-1722

Fattori E, Cappelletti M, Lo Surdo P, et al. Immunization against proprotein convertase subtilisin-like/kexin type 9 lowers plasma LDL-
cholesterol levels in mice. J Lipid Res, 2012, 53: 1654-1661

Galabova G, Brunner S, Winsauer G, et al. Peptide-based anti-PCSK9 vaccines—an approach for long-term LDLc management. PLoS ONE,
2014, 9: e114469

Pan Y, Zhou Y, Wu H, et al. A therapeutic peptide vaccine against PCSK9. Sci Rep, 2017, 7: 12534

Wu D, Pan Y, Yang S, et al. PCSK9Qp-003 vaccine attenuates atherosclerosis in apolipoprotein e-deficient mice. Cardiovasc Drugs Ther, 2021,
35: 141-151

Wu D, Zhou Y, Pan Y, et al. Vaccine against PCSK9 improved renal fibrosis by regulating fatty acid B-oxidation. J] Am Heart Assoc, 2020, 9
Landlinger C, Pouwer M G, Juno C, et al. The AT04A vaccine against proprotein convertase subtilisin/kexin type 9 reduces total cholesterol,
vascular inflammation, and atherosclerosis in APOE*3Leiden.CETP mice. Eur Heart J, 2017, 38: 2499-2507

Roep B O, Wheeler D C S, Peakman M. Antigen-based immune modulation therapy for type 1 diabetes: the era of precision medicine. Lancet
Diabetes Endocrinol, 2019, 7: 65-74

Harrison L C, Dempsey-Collier M, Kramer D R, et al. Aerosol insulin induces regulatory CD8 v T cells that prevent murine insulin-dependent
diabetes. J Exp Med, 1996, 184: 2167-2174

Holmgren J, Czerkinsky C. Mucosal immunity and vaccines. Nat Med, 2005, 11: S45-S53

Krischer J P, Schatz D A, Bundy B, et al. Effect of oral insulin on prevention of diabetes in relatives of patients with type 1 diabetes. JAMA,
2017, 318: 1891-1902

Assfalg R, Knoop J, Hoffman K L, et al. Oral insulin immunotherapy in children at risk for type 1 diabetes in a randomised controlled trial.
Diabetologia, 2021, 64: 1079-1092

Fourlanos S, Perry C, Gellert S A, et al. Evidence that nasal insulin induces immune tolerance to insulin in adults with autoimmune diabetes.
Diabetes, 2011, 60: 1237-1245

Nanto-Salonen K, Kupila A, Simell S, et al. Nasal insulin to prevent type 1 diabetes in children with HLA genotypes and autoantibodies
conferring increased risk of disease: a double-blind, randomised controlled trial. Lancet, 2008, 372: 1746—1755

791


https://doi.org/10.1161/JAHA.119.012341
https://doi.org/10.1038/s41440-018-0185-3
https://doi.org/10.1161/HYPERTENSIONAHA.119.13700
https://doi.org/10.1111/bph.14875
https://doi.org/10.1111/bph.14875
https://doi.org/10.1016/S0140-6736(59)92108-7
https://doi.org/10.1186/1476-511X-6-32
https://doi.org/10.1111/j.1365-2796.2008.01995.x
https://doi.org/10.1161/01.ATV.20.9.2106
https://doi.org/10.1016/j.vaccine.2006.03.082
https://doi.org/10.1016/S0021-9150(03)00137-0
https://doi.org/10.1186/1476-511X-9-14
https://doi.org/10.1016/j.metabol.2017.04.007
https://doi.org/10.1056/NEJMoa1615664
https://doi.org/10.1194/jlr.M028340
https://doi.org/10.1371/journal.pone.0114469
https://doi.org/10.1038/s41598-017-13069-w
https://doi.org/10.1007/s10557-020-07041-6
https://doi.org/10.1161/JAHA.119.014358
https://doi.org/10.1093/eurheartj/ehx260
https://doi.org/10.1016/S2213-8587(18)30109-8
https://doi.org/10.1016/S2213-8587(18)30109-8
https://doi.org/10.1084/jem.184.6.2167
https://doi.org/10.1038/nm1213
https://doi.org/10.1001/jama.2017.17070
https://doi.org/10.1007/s00125-020-05376-1
https://doi.org/10.2337/db10-1360
https://doi.org/10.1016/S0140-6736(08)61309-4

IR G A4 O LB T VE R Bt e 5 e B

45

46

47
48

49

50

51

52

53

54

55

56
57

58

59

60

61

62

63

64

65

66
67

68

69
70

71

72

792

Roep B O, Solvason N, Gottlieb P A, et al. Plasmid-encoded proinsulin preserves C-peptide while specifically reducing proinsulin-specific CD8"
T cells in type 1 diabetes. Sci Transl Med, 2013, 5: 191ra82

Ludvigsson J, Krisky D, Casas R, et al. GAD65 antigen therapy in recently diagnosed type 1 diabetes mellitus. N Engl J Med, 2012, 366: 433—
442

Ludvigsson J. GAD-alum (Diamyd)—a new concept for preservation of residual insulin secretion. Expert Opin Biol Ther, 2010, 10: 787-799
Wherrett D K, Bundy B, Becker D J, et al. Antigen-based therapy with glutamic acid decarboxylase (GAD) vaccine in patients with recent-onset
type 1 diabetes: a randomised double-blind trial. Lancet, 2011, 378: 319-327

Karges W, Pechhold K, Al Dahouk S, et al. Induction of autoimmune diabetes through insulin (but not GAD65) DNA vaccination in nonobese
diabetic and in RIP-B7.1 mice. Diabetes, 2002, 51: 3237-3244

Kuhtreiber W, Tran L, Nguyen B, et al. Long-term reduction in hyperglycemia in advanced type 1 diabetes—the value of induced aerobic
glycolysis by BCG vaccinations. Diabetes, 2018, 67: 2339-PUB

Leong I. BCG vaccination for type 1 diabetes mellitus. Nat Rev Endocrinol, 2018, 14: 503

Donath M Y. Targeting inflammation in the treatment of type 2 diabetes: time to start. Nat Rev Drug Discov, 2014, 13: 465-476

Zhang Y, Yu X L, Zha J, et al. Therapeutic vaccine against IL-1p improved glucose control in a mouse model of type 2 diabetes. Life Sci, 2018,
192: 68-74

Spohn G, Schori C, Keller I, et al. Preclinical efficacy and safety of an anti-IL-1f vaccine for the treatment of type 2 diabetes. Mol Ther Methods
Clin Dev, 2014, 1: 14048

Cavelti-Weder C, Timper K, Seelig E, et al. Development of an interleukin-1f vaccine in patients with type 2 diabetes. Mol Ther, 2016, 24: 1003—
1012

Mandrup-Poulsen T. IAPP boosts islet macrophage IL-1 in type 2 diabetes. Nat Immunol, 2010, 11: 881-883

Bram Y, Peled S, Brahmachari S, et al. Active immunization against hIAPP oligomers ameliorates the diabetes-associated phenotype in a
transgenic mice model. Sci Rep, 2017, 7: 14031

Roesti E S, Boyle C N, Zeman D T, et al. Vaccination against amyloidogenic aggregates in pancreatic islets prevents development of type 2
diabetes mellitus. Vaccines, 2020, 8: 116

Mohsen M O, Zha L, Cabral-Miranda G, et al. Major findings and recent advances in virus-like particle (VLP)-based vaccines. Semin Immunol,
2017, 34: 123-132

Bachmann M F, Jennings G T. Vaccine delivery: a matter of size, geometry, kinetics and molecular patterns. Nat Rev Immunol, 2010, 10: 787—
796

Kutzler M A, Weiner D B. DNA vaccines: ready for prime time? Nat Rev Genet, 2008, 9: 776-788

Jahanafrooz Z, Baradaran B, Mosafer J, et al. Comparison of DNA and mRNA vaccines against cancer. Drug Discov Today, 2020, 25: 552-560
Zhang N N, Li X F, Deng Y Q, et al. A thermostable mRNA vaccine against COVID-19. Cell, 2020, 182: 1271-1283.e16

Guerrero-Beltran C E, Mijares-Rojas I A, Salgado-Garza G, et al. Peptidic vaccines: the new cure for heart diseases? Pharmacol Res, 2021, 164:
105372

Zabel F, Fettelschoss A, Vogel M, et al. Distinct T helper cell dependence of memory B-cell proliferation versus plasma cell differentiation.
Immunology, 2017, 150: 329-342

Hu X, Deng Y, Chen X, et al. Immune response of a novel ATR-AP205-001 conjugate anti-hypertensive vaccine. Sci Rep, 2017, 7: 12580
Hong S, Zhang Z, Liu H, et al. B cells are the dominant antigen-presenting cells that activate naive CD4" T cells upon immunization with a virus-
derived nanoparticle antigen. Immunity, 2018, 49: 695-708.e4

Hu X, Chen X, Shi X, et al. Bionanoparticle-based delivery in antihypertensive vaccine mediates DC activation through lipid-raft reorganization.
Adv Funct Mater, 2020, 30: 2000346

Avalos A M, Ploegh H L. Early BCR events and antigen capture, processing, and loading on MHC class II on B cells. Front Immunol, 2014, 5: 92
Link A, Zabel F, Schnetzler Y, et al. Innate immunity mediates follicular transport of particulate but not soluble protein antigen. J Immunol, 2012,
188: 3724-3733

Martins K A O, Cooper C L, Stronsky S M, et al. Adjuvant-enhanced CD4 T cell responses are critical to durable vaccine immunity.
Ebiomedicine, 2016, 3: 67-78

Moon J J, Suh H, Li AV, et al. Enhancing humoral responses to a malaria antigen with nanoparticle vaccines that expand Tth cells and promote


https://doi.org/10.1126/scitranslmed.3006103
https://doi.org/10.1056/NEJMoa1107096
https://doi.org/10.1517/14712591003742920
https://doi.org/10.1016/S0140-6736(11)60895-7
https://doi.org/10.2337/diabetes.51.11.3237
https://doi.org/10.2337/db18-2339-PUB
https://doi.org/10.1038/s41574-018-0064-7
https://doi.org/10.1038/nrd4275
https://doi.org/10.1016/j.lfs.2017.11.021
https://doi.org/10.1038/mtm.2014.48
https://doi.org/10.1038/mtm.2014.48
https://doi.org/10.1038/mt.2015.227
https://doi.org/10.1038/ni1010-881
https://doi.org/10.1038/s41598-017-14311-1
https://doi.org/10.3390/vaccines8010116
https://doi.org/10.1016/j.smim.2017.08.014
https://doi.org/10.1038/nri2868
https://doi.org/10.1038/nrg2432
https://doi.org/10.1016/j.drudis.2019.12.003
https://doi.org/10.1016/j.cell.2020.07.024
https://doi.org/10.1016/j.phrs.2020.105372
https://doi.org/10.1111/imm.12688
https://doi.org/10.1038/s41598-017-12996-y
https://doi.org/10.1016/j.immuni.2018.08.012
https://doi.org/10.1002/adfm.202000346
https://doi.org/10.3389/fimmu.2014.00092
https://doi.org/10.4049/jimmunol.1103312
https://doi.org/10.1016/j.ebiom.2015.11.041

PEBNE: ARl 20224 2% S5

73

74

75

76

71

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94
95

96

97

98

germinal center induction. Proc Natl Acad Sci USA, 2012, 109: 1080-1085

Rincon-Restrepo M, Mayer A, Hauert S, et al. Vaccine nanocarriers: coupling intracellular pathways and cellular biodistribution to control CD4
vs CD8 T cell responses. Biomaterials, 2017, 132: 48-58

Wang X, Cho B, Suzuki K, et al. Follicular dendritic cells help establish follicle identity and promote B cell retention in germinal centers. J Exp
Med, 2011, 208: 2497-2510

Kelly H G, Tan H X, Juno J A, et al. Self-assembling influenza nanoparticle vaccines drive extended germinal center activity and memory B cell
maturation. JCI Insight, 2020, 5: €136653

Farlow M R, Andreasen N, Riviere M E, et al. Long-term treatment with active AB immunotherapy with CAD106 in mild Alzheimer’s disease.
Alzheimers Res Ther, 2015, 7: 23

Bachmann M F, Beerli R R, Agnellini P, et al. Long-lived memory CD8" T cells are programmed by prolonged antigen exposure and low levels
of cellular activation. Eur J Immunol, 2006, 36: 842-854

Nakagami H, Morishita R. Recent advances in therapeutic vaccines to treat hypertension. Hypertension, 2018, 72: 1031-1036

Li L, Petrovsky N. Molecular mechanisms for enhanced DNA vaccine immunogenicity. Expert Rev Vaccines, 2016, 15: 313-329

Kowalski P S, Rudra A, Miao L, et al. Delivering the messenger: advances in technologies for therapeutic mRNA delivery. Mol Ther, 2019, 27:
710-728

Kariké K, Muramatsu H, Ludwig J, et al. Generating the optimal mRNA for therapy: HPLC purification eliminates immune activation and
improves translation of nucleoside-modified, protein-encoding mRNA. Nucl Acids Res, 2011, 39: el42

Rettig L, Haen S P, Bittermann A G, et al. Particle size and activation threshold: a new dimension of danger signaling. Blood, 2010, 115: 4533—
4541

Wang Y, Fan Z, Xu C, et al. Anti-ATR001 monoclonal antibody ameliorates atherosclerosis through beta-arrestin2 pathway. Biochem Biophysl
Res Commun, 2021, 544: 1-7

Higuchi S, Ohtsu H, Suzuki H, et al. Angiotensin II signal transduction through the AT1 receptor: novel insights into mechanisms and
pathophysiology. Clin Sci, 2007, 112: 417-428

Karnik S S, Unal H, Kemp J R, et al. International union of basic and clinical pharmacology. XCIX. Angiotensin receptors: interpreters of
pathophysiological angiotensinergic stimuli. Pharmacol Rev, 2015, 67: 754-819

Garrido A M, Griendling K K. NADPH oxidases and angiotensin II receptor signaling. Mol Cell Endocrinol, 2009, 302: 148-158

Kawai T, Forrester S J, O’Brien S, et al. AT1 receptor signaling pathways in the cardiovascular system. Pharmacol Res, 2017, 125: 4-13
Kostenis E, Pfeil E M, Annala S. Heterotrimeric Gq proteins as therapeutic targets? J Biol Chem, 2020, 295: 52065215

Dorn G W 1II, Force T. Protein kinase cascades in the regulation of cardiac hypertrophy. J Clin Invest, 2005, 115: 527-537

Grunberger C, Obermayer B, Klar J, et al. The calcium paradoxon of renin release. Circ Res, 2006, 99: 1197-1206

Ortiz-Capisano M C, Ortiz P A, Harding P, et al. Decreased intracellular calcium stimulates renin release via calcium-inhibitable adenylyl
cyclase. Hypertension, 2007, 49: 162-169

Domazet I, Holleran B J, Richard A, et al. Characterization of angiotensin II molecular determinants involved in AT, receptor functional
selectivity. Mol Pharmacol, 2015, 87: 982-995

Ichihara A, Suzuki H, Murakami M, et al. Interactions between angiotensin II and norepinephrine on renin release by juxtaglomerular cells. Eur J
Endocrinol, 1995, 133: 569-577

Wal A, Rai A K, Dixit A, et al. Aliskiren: an orally active renin inhibitor. J] Pharm Bioall Sci, 2011, 3: 189-193

Wei H, Ahn S, Shenoy S K, et al. Independent B-arrestin 2 and G protein-mediated pathways for angiotensin II activation of extracellular signal-
regulated kinases 1 and 2. Proc Natl Acad Sci USA, 2003, 100: 10782-10787

Kim J, Ahn S, Rajagopal K, et al. Independent B-arrestin2 and Gq/protein kinase C({ pathways for ERK stimulated by angiotensin type 1A
receptors in vascular smooth muscle cells converge on transactivation of the epidermal growth factor receptor. J Biol Chem, 2009, 284: 11953—
11962

Ahn S, Shenoy S K, Wei H, et al. Differential kinetic and spatial patterns of B-arrestin and G protein-mediated ERK activation by the angiotensin
II receptor. J Biol Chem, 2004, 279: 35518-35525

Dai Y, Chen X, Song X, et al. Immunotherapy of endothelin-1 receptor type A for pulmonary arterial hypertension. J Am Coll Cardiol, 2019, 73:
2567-2580

793


https://doi.org/10.1073/pnas.1112648109
https://doi.org/10.1016/j.biomaterials.2017.03.047
https://doi.org/10.1084/jem.20111449
https://doi.org/10.1084/jem.20111449
https://doi.org/10.1172/jci.insight.136653
https://doi.org/10.1186/s13195-015-0108-3
https://doi.org/10.1002/eji.200535730
https://doi.org/10.1161/HYPERTENSIONAHA.118.11084
https://doi.org/10.1586/14760584.2016.1124762
https://doi.org/10.1016/j.ymthe.2019.02.012
https://doi.org/10.1093/nar/gkr695
https://doi.org/10.1182/blood-2009-11-247817
https://doi.org/10.1016/j.bbrc.2021.01.054
https://doi.org/10.1016/j.bbrc.2021.01.054
https://doi.org/10.1042/CS20060342
https://doi.org/10.1124/pr.114.010454
https://doi.org/10.1016/j.mce.2008.11.003
https://doi.org/10.1016/j.phrs.2017.05.008
https://doi.org/10.1074/jbc.REV119.007061
https://doi.org/10.1172/JCI24178
https://doi.org/10.1161/01.RES.0000251057.35537.d3
https://doi.org/10.1161/01.HYP.0000250708.04205.d4
https://doi.org/10.1124/mol.114.097337
https://doi.org/10.1530/eje.0.1330569
https://doi.org/10.1530/eje.0.1330569
https://doi.org/10.4103/0975-7406.80764
https://doi.org/10.1073/pnas.1834556100
https://doi.org/10.1074/jbc.M808176200
https://doi.org/10.1074/jbc.M405878200
https://doi.org/10.1016/j.jacc.2019.02.067

IR G A4 O LB T VE R Bt e 5 e B

Progress and prospects of therapeutic vaccines for cardiovascular
diseases

QIU ZhiHua, HU XiaJun, ZHOU YanZhao, WU HailLang, ZHENG JiaYu, WANG YingXuan &
LIAO YuHua

Department of cardiology, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430022, China

Effective prevention and treatment of cardiovascular risk factors such as hypertension, hyperlipidemia and diabetes reduce the risk of
cardiovascular death. However, the rates of awareness, treatment and control for cardiovascular risk factors in China are still low.
Prevention and treatment of cardiovascular diseases is facing huge challenges and difficulties. To explore safe and effective
therapeutic methods for cardiovascular diseases and improve treatment compliance, our team has worked hard for long in the field of
therapeutic vaccines for cardiovascular diseases, which makes us full of hope for the application prospects of therapeutic vaccines.
This article will systematically introduce the research progress in the field of therapeutic vaccines for hypertension, hyperlipidemia
and diabetes, clarify the immune response mechanism of peptide-conjugated vaccines and the biased mechanism of ATRQB-001
hypertension vaccines, aiming to promote basic research and clinical translation in the field of therapeutic vaccines and make
therapeutic vaccines an important weapon for the prevention and treatment of cardiovascular diseases soon.
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