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Fig.1 Diagram of Multi-drug Combination Therapy,Single
Fixed-dose Combination Therapy and Multi-target Drug
Therapy,Showing Their Mechanisms of Action,Advantages
and Limitations

A5 5 7 3R A2 R i A JORC T 40 ot 0] — 0 12 Lt >
FHE N MR %) 56 T 5 1l B A L B L
RS20 308 2T TS 41 e JOR Tl R 1M A5 SR K R IIZ AR
BRI I H Ik o e AR 28 FE s scsid 1R
V0 12 UL A 35 R 6% 5 AR A i v 1 et B B R
K (Atrial Natriuretic Peptide, ANP) /K, FERRAR ' E K
L 55 5 SR TR R PR A AR L 7 Tl v P 2
G50 A REAS L = 12K T A BERR 1T (cyclic Guanosine
Monophosphate ,cGMP) ' 2 M Il 5 K5k &K 11 K-, it —
AR AR AR S UM ZG B E AR T 205
T Y — Tt X il e 32 3 A BEHIL TP bR 25 58 S g
E—2BAESE T ARV P Ll 45 VD 3E (400 2250 ) i 32 M R
4 HEAT R A R I EE T BJS IIPARAMOUNT
(2012, Phase 11) % PARADIGM-HF (2014, Phase 111) 5%
AR S G ARUES TR FAR L, V0 P 2 i Ay 31
B3 O S BRI AL O S R DT E O,

WEEHZRIRE A FE R —KARNEE /M)
TR 25, o A 2R S5 A s | SE LR o B
p) LN IN= T = S B L N (SO S S L Y
ARNI, V0 U 3H 0 4 A AR 25 it 34t 1Bt
WFIE R U LB S A R T R A v, ELREC LR T2
LU A O T gy, 5 P T DR A1 20
Jo SR U AU R 58 2 — 20 UE ] 1 Vb L I 0y e 4
PERA PO, BRI R IR I
IS T I PR € 28 56 iids B AGE o3 0r , W1 2045
WRIAE FEA G HS , BITRUL T R 2 e
MR, EHT, VD O E AR IR B e St 3 v B I PR
FEAC [RIE R IF R b A B il /O S A IR
i B P A P T %

BET b L L R I R AR A 1 RS 2 21
ST H 5 5038 MR RI4EEEIZ 88 7 R EA AT &
MrE R 2P0 . Qo A B0, S kot e Ak i 3
I3 A AT 2 BEE (C 16 05 C20 08 2Rk ) 7K F- ik
It S HAZRCYSLTR2 X P2RY 6455, 153
R REB A I IR S ko e AL . ik — & BLER T
SE T AR B AR Sl Kok REAE AL AL, S e 2 Bk ok
AL A SE 0 A 5% A KU SR8 T i Tt aR >, ok
e N i — 20 BT RGN o B W 2% 2 R0 58 S | 45
AN TR, 7053 FI H 22 21 55 P by 7 200 1 58
PRI AR B BN S0 P 25 TR I DGR s e K
HERFATREAR YV HIBLTR A 5 AR AR Z R A 28 C &R
e A 250 Y B Ao 32

AR, B AR A R 24 M B UE A T o DG B TR T
CRISPR-Cas9Jk R ) RE i 126 B AU 53 Hr 45 2 1 2t ) REAF



40 A2 M

% WEAE A5 < 2L SUAR AE O MU P 245 9 0 2 v i T BRI 45 i e 22

271

FHAR G4 T AT oM e B B e B R
P05 0 05 B R DA G SR 3 4 713334
U, FFR I RETE AN RIS B SC R sy (/N ) 2N
2T N — B, B ORI R AT A BB % S RGBT RIOR
S VRS R P, A R TR v X T AR
L M P O 2B T U, HESh A BT (12) o
3.2 BEEESMNETGEL

FE T 452, 7T [ IR A b 4 B — 25
TEIG PREA 25 P o B S  (H T R sk E 7. H
T2 A SR EG 1 () & SR F2 BEAT PR . XAk & 1 E
A7 e A R 0 R T R B 25 s

A R A R e S A Y A RO R (H
iy P EROR R, Y T 0 0E 22 A W I LR o R
1% S BEAIL A o6 T H A MR 7 TR AR L, ok BN 5 A 3
YRR WP | BEATAT X A SIRR B — IR R AR 2 g —
FiA SRS . o — 3k 1 9 4L RR 25 M 0T % D7
W R TG R 25 AR A MO R |
R K AR I A T A B SR

G HERR R

FAR A XTI FAE 1 AN [0 5 A P A0 1A
MBI AT, E TS . RIS AR AT
BRI, Al oy Sy e 4 R 25 ) 5 O R 24 ) A e 5 7
25 . TN 25 R i — A IR P 2 el
SSRGS , 75 IR A% Bl T UGS,
SE B A AN AU R AN 25 73 S . 177 8k
AT L FrA B R 1R m] DU X A7
ESURANEZ WELY/IRIER S SE 2 LYo e iR PO
PR (K TF500) , FECGEAREL | HIRAEDIFI AR
ML . T RE I BN W N B R
AT EEGE R E A A IR . (HIX T
LB TR IS A S A3, HE R AR 5
LR s aRa. L ZAe A G AR 2 it
OS5 16 oK 2528 AT HEA TR 5, LR 7= R 0 i
/N AR B A A S 2 RS R R
DU T ASRAT 2 o S A ) 22 M i 25, (EL i A
2 W, FUE TS R AR A 25 5 (6 AR DL 1
B, BB HON WA, £ AT S LA B 25y it SR gt

ZHZEWF

|
a) |

e AR A 23 A

Drug Y

2RI 1

i 3 XL ot )
Off-target profile
Druigl 0O ®O0~® 0 @0

Drug2 © O ® 0~0 @0 O

E2 ETRGEMFNRRNENEREIE, FIRSAFREIT AWHRENSTRRERETNEREAR , EERIERS IR
HZM#H TR ST, B4R R EREKRTERGHRIEHEYFINEE

Fig.2 Systems Biology-based Construction and Validation of Target Networks. Through Integrated Multi-omics Analysis, Drug Synergy
Potential Assessment,and Off-target Risk Prediction,Candidate Combination Targets are Identified and Comprehensively Evaluated
for Their Druggability. Systematic Validation of Their Biological Functions is Conducted at the Cellular, Animal,and Organoid Levels
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Fig.3 The Development of Multi-target Drugs Faces Multiple Challenges. It Requires Integrating Strategies from Systems Biology,

Artificial Intelligence,and Network Pharmacology,and Employing Technologies such as Organoids, Organ-on-a-chip ,and Gene Editing

to Advance Processes from Target Discovery and Lead Optimization to Preclinical and Clinical Evaluation, Thereby Establishing a Novel

Multidisciplinary Integrated Drug Development Paradigm
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Abstract The incidence and mortality of cardiovascular diseases (CVD) in China continue to rise,and the turning point
has not yet arrived. The development of medicine has to some extent improved the prognosis of CVD patients. How to
reduce the residual risk of cardiovascular diseases in the Chinese population and further reduce the terminal events,and
improve the survival rate of cardiovascular diseases among Chinese people is the main problem currently faced by the
research and development of cardiovascular disease drugs. The mechanism of cardiovascular diseases is complex,and there
is often a lack of a single core target. The combination target drug intervention strategy achieves “increasing efficacy and
reducing toxicity” and improving drug resistance by balancing the regulation of multiple targets,and has a good application
prospect. This article reviews the principles for target selection,lead compound design and synthesis strategies,,advances
and challenges in preclinical effects evaluations,and clinical trial design for multi-target CVD drugs. Furthermore, it
explores the application of emerging technologies such as systems biology,artificial intelligence and deep learning,
organoids,and organ-on-a-chip in the discovery of combination targets,drug molecule design,and the evaluation of
pharmacodynamics and drug metabolism. The aim is to offer new insights and references for the development of multi-

target drugs for cardiovascular diseases in China.

Keywords cardiovascular diseases;multi-target drugs;organoids and organ-on-a-chip;preclinical pharmacodynamic

evaluation;clinical trials;systems biology strategy
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