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Advances in the research of anti-organ fibrosis drugs
REN Qiang, ZHANG Lu-yong’, LI Zheng”

(School of Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510006, China)

Abstract: Fibrosis is a pathological process characterized by tissue scars and can occur in many organs of the
human body. Organ fibrosis is manifested by increased fibrous connective tissue and reduced parenchymal cells in
organ tissues, which can lead to destruction of organ structures and reduced function, which seriously endangers
human health. Current strategies for treating organ fibrosis include: blocking the transforming growth factor- 1
(TGF-p1)/Smad signaling pathway, anti-inflammatory, regulating the sphingosine kinase 1/sphingosine-1-phosphate
(SK1/S1P) signaling pathway, antagonizing vasoactive peptide receptors, enzyme inhibitors, kinase inhibitors,
inhibitors of cellular signaling pathway, regulation of metabolic pathways, and mesenchymal stem cell therapy. In
the review, the treatment strategies for organ fibrosis and the latest developments in the research of anti-organ
fibrosis drugs are summarized to provide a reference for the development of anti-organ fibrosis drugs.
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ECM KEYIHR, ITIAE4F 1E 5 2H 2348 sk A1 (1) 41 21
FEIRE, ECM J& —MAEAE T A M40 8] 53 1 — oK 4
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2 BEAELHIETTRER
2.1 PEETF TGF-pUSmad ESi@EE #HAILEKE T
(transforming growth factor g, TGF-g) 7] LLiff -5 ECM,
TEEF A0 1 R 30 78 il G B ). TGF-Bi8
F A 3N LA (TGF-B1.TGF-42 #1 TGF-43), =& 4
YIEE VAL, Horh H A b £ 25 TGF-BLAMH K, 1E
YA NP S5 RIERIE A0 A K T
A SR FRE . TGR-A1 3 B b i PR 5 A% 40 i FH 4 21
R 2 i 5 i, B B W) 40 A 1Y) TGF-BL 22 ¥ A i 1
1, 254 2% TGF-p 454 & A (latent TGF-A-binding
protein) &5 & J5 4 e R ILTE R . TEALHI TGF-AL 0N T
WiE )& 73 Smad & H 5, 75 S 248 B O g
U4 K] 7 1 (tissue inhibitors of metalloproteinase-1,
TIMP-1) F= A=, [5) B 0] jsg 2T 24 40 A v ik It 4 8 2
i 1 (matrix metalloproteinase-1, MMP-1), 3t 1 & 7>
ECM MR J5 5 1 BE fif, 5 ELECM VTR 5 A 2127 4
8, [k 2 4, TGF-p1 th AT il it 4F Smad {5 5 38 2%
BT R AL R 71— IR EF A R . A2 AT
FE M, TGF-AL 72 1t B i JH A1 Co LEF 2 Ak 1) o 2
R 21 4 BH BT TGF-p1/Smad 38 % J2 HT 4F 4E 1k 75
I IR S BE HE (B11)
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AR LA IR o H PR A AR RT 4 P e B A K

= (19 IR PR E IR F-o (tumor necrosis factor-a, TNF-)«
T 2K -y (interferon-y, IFN-y). (4 /2 -14 (interleukin-
18, IL-18) T TGF-B 45 R AN IE -, S Ml il 41 4 1
AR K JE BB BB 5 S5 s T 24 A4 1 5
G ZSETE, TNl AT 24 4 AR e WL B T 44 40 e 2 Ak (1) gk
T, 7f B AL ECM 72 [8] 5T K B R 8-, AT 5] 6 1l 21 4
AT 31, NASH FTHE RS P4 i 197 14 9% (nonalco-
holic fatty liver disease, NAFLD) - ] 5 3¢ 3l Ay i IR
BRI RAE . 9T I RE 85 3 — 20 5] i A R R a0 i
(hepatic stellate cells, HSCs) [ 3 s AT 27 4 44 1) i3k
R, RAE N O AIE SR S A 4R ) K AR B )R
R, AH R RREAE A AR IR D AR, DR T 46 SR 2
N FH T 47 44 5
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AN (1) 18 e 22 ik I 4t 6 55 T i, E A% P B e
fil-1 (sphingosine kinase 1, SK1) W21k 4y S1PISI, S1P
BT ZWAEENSE, S9MEHE AFE 5% 4R E
AR LA S HSCs [r) JUL s £ 4 48 i 43 4 55 5k 12 %55 U] A
Ko ALK SIP X L R G AIH LR RS EH, H
S1P 7K Fh 7 S A 5% 38 % 1) 7 5 0 8 R S B AT 4
Ak g8 i N I ) e B A S5 o IR 4 21 STP Y
W5 TGF-A. /MR AT A 4= K A7 (platelet-derived
growth factor, PDGF) LA 45 4 4 234 K A -1~ (connec-
tive tissue growth factor, CTGF) & 2] 4 {1k, X 1 %5 1) M
Ko YA SIP/SIPR {5 5l B% J 1P X BT A 1 #8 B 47 4
WHVER, A E O BRIl 4SS0 5T, 2
A B R PUAT SEALBE p0e, SK HA 2 Fp A, Ho
SKLFELH BT b b KO AIE FUBONIR N, &L XS SK2 KA
FARXT D[R Ax 22 A 50 2 WIAE It L JH 0 DL
YA A SKL B BRI, 5T L AR R E h]
o | SK1/S1P {5 5 i % PR DU S B 5 -5 1) 2T 4
b o IPF B 32 S0 BRRR AL 2 40 M 3 5, 1R vT R
F2 1 VR FE 1) S1P 1) 1 4 M O T 1) AR, TR A s /b
S1P [V B RE % Uk /b IPF 58 25 s 2T 24 200 L (1 156 5, 410 61
SK1/S1P {5 5 18 % He 0% S Ml 2T 4E 4008, AR i3k
B, 3 3 41 SKL ATl NF-xB 55/ 5 B9 b fz 18] 5
AL, (epithelial-mesenchymal transition), M i 47 15 /)N
&R A G 52 B AR AR B S e, | SK1/S1P A5
538 B TR VR TT AT YR AL R T AR S g, SKA H I A
B RCAPUET AT I HE A5 . 4k B SKL/S1P A 5
() H R 5 2R 40 1) B 2% 00 R A2 B 7T N 51 ) o0,
AR L SKL BERE 15 5 E W, AT 'S /N 1
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Figure 1  Cell signaling pathways mediating for organ fibrosis, including TGF-p1/Smad signaling pathway, SK1/S1P signaling pathway,

vasoactive peptide receptors signaling pathways, metabolic pathways, Wnt/g-catenin signaling pathway, inflammation, and some proteases.

TGF-g: Transforming growth factor #; ET: Endothelin; Ang Il: Angiotensin Il; SK1: Sphingosine kinase 1; S1P: Sphingosine-1-phosphate;
Whnt: Wingless/Integrated; TAR: TGF- S receptor; AT,R: Angiotensin type 1 receptor; PI3K: Phosphatidylinositol 3-kinase; Akt: Protein

kinase B; mTOR: Mammalian target of rapamycin; TAK1: Transforming growth factor-f-activated kinase 1; MLK3: Mixed-lineage kinase 3;

MEKKZ1: Mitogen-activated protein kinase kinase kinase 1; MKK: Mitogen-activated protein kinase kinase; ASK1: Apoptosis signal-regulating

kinase 1; JNK: c-Jun N-terminal kinase; TIMP-1: Tissue inhibitors of metalloproteinase-1; MMP-1: Matrix metalloproteinase-1; ECM:

Extracellular matrix; PDGF: Platelet-derived growth factor; CTGF: Connective tissue growth factor; ADAM: Adisintegrin and metalloprotease;

DPP |V: Dipeptidyl peptidase IV; LOX: Lysyloxidase; PPAR-y: Peroxisome proliferator activated receptor-y; FXR: Farnesoid X receptor;

EGFR: Epidermal growth factor receptor
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I, Ang I1) 0 IfiL & %5 5K 28 32 4K 1 (angiotensin type 1
receptor, AT,R), 7] /-5 4 i F4F 2 FHE 2. T iz 11
WL . Ang 115 52 4k AT R 454 vl s 2 245 0%
155 W (mitogen-activated protein kinase, MAPK)
A Smad {5 5 %, AT AT TGF-p & S5 BT, JF H
77 AR TR SO B B — 8 K IF 51 R A 4E A
TGF-p{5 5. BRILZAN, A& EILA AR 5] E
LR AEAL RO ML, GndE BF£F24E 4L, Ang 11 AT ) 53 HSCs
IFi) JUL RS £F 4 20 i 7 A, b AR I8 T A5 3 L A R A K R
“F (vascular endothelial growth factor, VEGF) 1) 7= 4,
I A YA . FEOWLEF4E1L R, Ang HAEHT
AT,R, W] /£ mRNA F1 & [ KV FiE S R av. L.
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angiotensin-system, RAS) /& & B [ T £ 4 1k 5 2.
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type 2 receptor, AT,R) A Hi & MBI FE M /EH, XHEw
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thelin, ET) 45 ET-1.ET-2 f1ET-3 =AM A, A /& F T4
T ¥ 40 0/ P B2 & 32 4K A/B (endothelin receptor A/B,
ETae), I MAPK 5 5 B f i85 5 . HHET-1/r
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SE MIBE RAE ECM i RIE B ZE . &R E
1§ (matrix metalloproteinases, MMPs) Filfi# &5 & -4 )8
& A B (a disintegrin and metalloproteinases, ADAMs)
e A B B P, DA% bk ik 1V (dipeptidly]
peptidase 1V, DPP 1) % % [ il 20 R 4FF o M 42 S IR &
FliF% 2 5 ECM IR f#,; 12 I A AL g (lysyloxidase,
LOX) FI#f & I S AL AL 2 1 1-4 (lysyloxidase-like 1-4,
LOXL1-4) 5 ECM HJf2 € .. MMPs 1 ADAMs /i
S ECM FE M FIRE I TGF-4 8L TNF-a 25 4F 4E 4L K 7, W]
gl RAELF4EA . LA A2 1) MMPs #7571 FH T
BULF 4 AL B BE 9T, 28 £ 4 A I PR IR B8, — it
DPP IV il f] 2 3K iR 97 2 B8 bR, 1 H DPP IV
) FRULE N SR i R I LA 4R E . C&E
WK PR B0 5 P AN /NS B B2 41 i DPP IV 1 3&
RN SN, LOX A1 LOXL1-4 fiff /2 5 2 e IR i
B i S A B — S S . TGF-A1 3 LOX
HTLOXL1-4 ¥ 235, 3K 26 il P Al 50 Ji o st 2 1 Bk 42 1Y)
e- G, BN AR BN 1 T, 7E ECM Hh & SR E il 3k
IR AT I o ATIRA RS 5 I i 21 4 0 380 L B 21 4
O A, AT 5 ST o £ 4 A1 29, | IX 2 A 5 2 4
AT AT ECM U RR (1) B8 e 0% 5 S0 2% £F 4E AL kR,
FE PRI TT b — N R S
2.6 HMEBHIEIFIANLEAEE S BEBRIDEF 2 A
MRS 5@ S SA 4R MR, REAEK
A -7 %% £ (epidermal growth factor receptor, EGFR) J&
T2 251 (epidermal growth factor) 521458 5 & A
EGFR {5 il % B 1 3k 5 2 Fh & B AL 2L £ 44k
. AEK 7 BOE EGFR R A 5, b1 B3 41 i
W ERE - BRI S 1t o e AR 1) E B RR AL S
IS5, T E S A ST AT RS, 3 A £ 4
WHERE . BBEER AR 3015 5 I T 3 2@ MAPK,
PI3K-Akt-mTOR (phosphatidylinositol 3-kinase/protein
kinase B/mammalian target of rapamycin) 1 STAT/INK
(signal transducers and activators of transcription/C-Jun
N-terminal kinase) 15 5 il #% . BH W EGFR 1E 52 44 ffd 4
DX I A7 et A0 ) 200 P T e TR Tl 0 1 3 T 41 o)
EGFR {5 530 % o 1L-3 A1 1L-4 25 40 i[5 380 R 2T 4
ZH M, T TR AT 44 20 g 4 1T B0 JAK3 (Janus Kinase
3) A% = i 3+ I STAT6 B FR Ak, MM 51 K AH O Jk
() 55, T 77 AR ECM B LRI EF 4L . X S84E F mf
B IAKS I 45 0L

IEFIEHLT, p-catenin H2 —Fh il & 22 EH, K
FEYERF [7) Y 20 L 26 PR 7 1 AR Sh A E . A 4r i ok
FIWnt {5 5 70 7 5 4B I 1) Frizzled 2k 88 A 45 &
J&, BES A B-catenin AN R AR, 24 p-catenin £ R 3] —5E

WL S5, v DU % 22 200 PR R O 15 4 B8 % o0 A 36 DR e 5,
AT 51 RS LT 4E4L . Notch {5 5 i #% 42 540 JIF A1 H Al
B A AR AR, WO S AT LA 2T 4R R T TGR-B
e 3 1A 24 4 1 A D UL 4 A4 B R | 28 A o st i
(AR BN, [ A TR B, AR R 4EA T, Noteh {5
538 B 1R S O B 8 (2 1E HSCs T A AIG FEA . i
LA 1 Wt/ -catenin A1 Notch 1 53 i th # 9% 2 5t
UACIIER . SRRYE, 2 5 440 e A1 20 i 5
SR BB A IR TT SR AL T AR AT ST A
2.7 FTREIRE  HARBIERAUL 4R SRS
P R B AR A A B o S A ) T S B A R S A y
(peroxisome proliferator activated receptor-y, PPAR-y).
W JE B X 3244 (farnesoid X receptor, FXR) L & i 17 i
T AWNINS 5VFZ PRI KR, Hrh iR 4Eft .
AL LU T 3 1 4 (reactive oxygen species) (177
AR R BRI 18] AN FAli o SR A SO I T 0 40 P
EReE i IKINE e -4 S VN D IR A Al o
S W 20 D TR AR B O AR . S RLIORT B R TGR-B A
RAS %A 2 5 - JEA0AT K15 S s, #5800 L
REPLAFHEAL, —Ledi 80 FIAN B B BT B 7 CRh 22T e
THRMIGIRT L. FXR & —FiAZ 5244, W0E 5 7 7%
AL, A MR 5 4E R X 244 (retinoid X
receptor) JE i — &, 3£ 5 DNA 3R = M oo
(hormone response elements) 2551 T3 R4 5. FXRAE
5 5 T A0 955 Fl 2 4 48 i A2 K X7 19 (fibroblast growth
factor 19) £ N 1) T Jife 5= PR ik, 3 6 358 ER] AT 45 JH v
PR IR 1l A5 % 1 ik R D R R [ i 5 4 e A s,
FXR 75 5 095 IR 7 T B0 i a] 5] ke BE v 378 AR 50
NAFLD . JF4F 440 FI T . FXR /N T3 FE A
B S HVE T NASH 1) 50, 24> FXR B Eh 1) H il IE7E
i R HF 72 . PPARs H, PPAR-y I 71 76 %3 B7 47 44k 11
T AR R E R AR, BRI B g A 4R AL i
208 A BN PR B AR ARG B IR TR R . BT
FLA W], PPAR-y i 2 7)1 1ok 41 o] - 391 A0 A e 8 B 11
(early growth response factor-1). STAT3 Fl 3% & A -1
(activator protein-1) [ 5 ik K X $iL TGF-B1 1 it 4F 4
AR, LB B BB 5 i MMPS/TIMP [ 2 7 1E  1h1301,
¥ 1ML 5 (lysophospholipids) 4% S1P A% I B I ik
(lysophosphatidic acid, LPA), i@ i 41 /it % [fi %2 14 G &
9 1 Bk 32 {& (G protein-coupled receptors). S1P, ;R Al
LAP, RILI%(5E S, = 56N BG4 EN I 2 M
PN B RR, 0 A B AR AR BUAT AR E A

2.8 [BFEBETHMET X TARMALYE %, B
HUME— VRT3 B A, (At TS B e %
it BT LA TA) 78 5 T 40 i (mesenchymal stem cell) 3697
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A IR B G 2 Fh 8% B SR 4 A s MR BT, ik
R T 18] 7 5 T 40 B T3 I 0 i HSCs Al
BE MMPs 434 5K 3 B ECM LR, TR #1041 HSCs [ 3%
Ak I AT IR B IL-10 5 5 HSCs ) T2k & 15 Bt 41 4
AR WO, At 50 3R B, 1 1 IR) 70 5T 20 B AR 0% i |
AU S A a-~F- ¥ LB & 1 (e-smooth muscle actin, a-
SMA) 3R IE K B35 2 44k, A 56T T 40 s il bt
AN G T R R AE LA 4R AL R IE 4D, & T[]
705 T 2 R (00 Bt 6 7 3k — 28 RN, TR) 78 J5 T 40
IT VA B UONTR T AR WA B A 4R A0 1087 s
3 WEAHELKESHY

21 A0 AT AU AT SRE R 5 S, NAR BT 148
BV LR AL 4. ], SFHENTERENT
&5 5 AR E GG, BAF4ETE R Ent, K S 8w
LT UL E AL IR, B SR AT A 4 2R R 45
A% 57 38 A7 AE ()95 3O B, (H P L 7= AR T SR A R AR LR
SV, T HAS TR B 2% B IR 27 4 A4 5] S 52 55 ) () 3%
PR K IR 22 S 4 TR G AN R 28 B 1 £F 44 i3t 47
B RI6 97 72 55 AT L) 77 5K
3.1 IBFAFHENTEY AR R R ABE T R AR
1R, 22 Fh 5| e 452 49 1 (8] 22 350 0] DA AE 18 4 98 i (1) %
fih Bt SEUF A 4L, XERERBHERE . H S %
S AT IR R R A i 55 . T A B
RS PR RS W FE 2 SR A4 R Z R . WA
Re 3 A i, 44k vl fe ke AL, 45
ST EEE LA ToM540, NASH J& —Fh ™ & ) NAFLD,
DTG D7 A8 P L 98 E A2 P 453403 R ALE, Redt— 2 R BN
JFREALET, 514> NAFLD/NASH £ 22 i i b iy — Fil
W LI, R E HT IR PR i R A R 25 . AR
YEAUAE 9 —Fh 5 AR Z AL = B A R I AR 44k, LA
77 e SE A R R A T AR AR S 25, W FXR B3
7 A PPARS 5h 71 -

FXR #zh 52 H #1697 NASH 5 28 111 259,
Z AR AL A O A T I R ISR B B, G B D1 H R
(obeticholic acid, OCA, 1).cilofexor (GS-9674, 2).tropi-
fexor (LIN452, 3). nidufexor/LMB763 (4).EYP001la (5)
& (Bl2.3 1). PPARs KB A i 15 b5 AU Al 2 5 1 g
KA Z5 4 L 6 NASH AT HAFLD () 22 il iF #5F &
F TR, ©& R ONIZ AU # T TEE &5 . Elafibranor
(GFT505, 6) & #i74 f] PPARa/d XX E J 5h 7, %F £ FAR
B B L3 CF &, FL R A X NASH it Al 2 &
BEN NG RS . #2 )2 B (hydronidone, 7) /2 14

1L (cyclo-oxygenase, COX) Fl TGF-p #i#i5, H A 1
TERAT 2 SR 28 & I A e AL I R 58 . ik
Ak K T 52 4k -2/5 (C-C motif chemokine receptor 2/5,
CCR2/5) il 71 75 Jé 45 %' (cenicriviroc/ TAK-652/TBR-
652, 8) L £ ik A 1 I PR 58 T 95 97 NASH.
S1PR 335 #5 B AN SK i) 77 78 40 i) - 25 440 77 1
MR 2, e KINHZ— N EEAE I HhUH 4
AEAL IO S . 2SR EEAE (fingolimod/FTY 720, 9) &£ S1PR
WA, B SKs R 4k 5 R 5 S1P,R.S1P;R.S1P,R #il
S1PR & &, £ 3 WA A vh m] B I i 18] 5 40 2 iz 3))
I RIEGUH A 4R E R, IR & TRy 2K
B2 R MR E BRI
ZOMACERPAEET-LINIER X Z M8
YA A ¥ 9T A P, (HE Bt ET #0771 BQ-788
(10) 7£ FH -6 97 JH B Ak 1 B 58 o oK 15 AR &5 1) 2%
SRUOL,RE St I LOXL k) 5w Tl iy £ 4 Ak, B-2 5k
P (B-aminopropionitrile, 11) /& LOX % ji& [ — Ffi /N
G3 T 3R, BE 08 O S U6 1 I 1 4 A0 R0 10 1 0 UL
2 TR, Z2 & F] R (tipelukast/MN-001, 12) #2&
— AR A LOXL2 Rl = M35 52 A4 SO0 = 1) 5], %
NASH FINAFLD 22 56 5 1 1 I RS, FLEE%T IPF
FR) S I PR A5G o IEAE TR R rh e — S8 8 B T 08 (1R
Pty 110 1) 771 A7 PAT 4EA AR, Jei& B 2 (erlotinib,
13) s EGFR #IHHil57], ‘& fe A vl 3 11 b 5 52 4 1) = 1R
Jif 1 (adenosine triphosphate, ATP) 45 & fi7 i 45 &,
XF g AR R BIE 9 R N LR I S5 R A6 7] 28
1T B 2 WG A 1 77 & B2 AR Je (sorafenib/BAY43-
9006, 14) B A il MR IE M A= K K1 %2 4% (platelet-
derived growth factor receptor, PDGFR) Al IfiL & Py % 4
K[ 7 32 & (vascular endothelial growth factor receptor,
VEGFR) IfEH, T 2 8ttt FH T 36 97 0 30 T 48 A F0
2 e, Dt BB R 2 NG AT 4E L. 1CG-001/
PRI-724 (15) REWS K5 5 14 Hb 5 34 1 I3 87 2% B e 1 45
4 5 H (cAMP-response element binding protein) 54,
AT BELIT Wint/s-catenin/ TCF (T cell factor) /-5 44 3%,
A A et B, H AT Er X A A0 R0 B 1 28 B A
FUARTE | AT BRI RS [R5 AT RS, MTE 5
4 1 (apoptosis signal-regulating kinase 1, ASK 1) /2
I o 22 28 5 A0 B B IO SRS (mitogen-activated
protein kinase kinase kinase, MAP3Ks) 5 Jit t ft] — Fil
22 FIRI75 AR B B, R B0 T 4 AR R INK AT
P38 {5 5 Bk A S A MR T2 L RORE R ZF 44k . ASK 1
141 7 selonsertib (GS-4997, 16) $4 /E Ay 81— 25 25
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Figure 2 The structures of anti-liver fibrosis drugs. COX: Cyclo-oxygenase; CCR: C-C motif chemokine receptor; S1IPR: Sphingosine-1-
phosphate receptor; ETyR: Endothelin receptor B; TCF: T cell factor
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Table 1 Advances in clinical trials of anti-organ fibrosis drugs. ETR: Endothelin receptor; LOXL2: Lysine oxidase like protein 2; PGI2:
Prostacyclin; P2X2/3: Purinergic receptor P2X2/3; NOX1/4: NADPH oxidase 1/4; ATX: Autotaxin; IL-6: Interleukin-6; VEGF: Vascular

endothelial growth factor; 5-FU: 5-Flourouracil

Organ Drug name Target Study phase Trial code Status
Liver Obeticholic acid (1) FXR 1| NCTO02548351 Active
Cilofexor (2) FXR 1l NCT02854605 Completed
Tropifexor (3) FXR 1l NCT02855164 Completed
Nidufexor (4) FXR 1l NCT02913105 Terminated
EYPO0O1a (5) FXR 1 NCT03812029 Recruiting
| NCT03976687 Recruiting
Elafibranor (6) PPARs I NCT0270440 Recruiting
1 NCT03953456 Recruiting
Hydronidone (7) COX 1 NCT02499562 Unknown
Cenicriviroc (8) CCR2/5 1] NCT03028740 Recruiting
Tipelukast (12) LOX 1 NCT02681055 Completed
Erlotinib (13) Kinase land I NCT02273362 Active
ICG-001/PRI-724 (15) Whnt land Il NCTO03620474 Recruiting
Selonsertib (16) ASK1 I NCTO03053063 Terminated
CC90001 (38) Kinase 1 NCT04048876 Recruiting
Pulmonary  Tipelukast (12) LOX 1 NCT02503657 Recruiting
Pirfenidone (17) TGF-p Approved
Nintedanib (18) Tyrosine kinase Approved
Bosentan (27) ETR 1] NCT00391443 Completed
Macitentan (28) ETR 1 NCTO00903331 Completed
Ambrisentan (30) ETR 1] NCT00768300 Terminated
Thalidomide (31) Inflammatory 1l NCT00600028 Completed
Bardoxolone (32) Inflammatory 1l NCT02036970 Completed
PAT-1251 (33) LOXL2 | NCT02852551 Completed
Dasatinib (34) Kinase | NCTO02874989 Completed
Omipalisib (35) Kinase | NCT01725139 Completed
KD025/SIx-2119 (36) Kinase 1l NCT02688647 Active
Tanzisertib (37) Kinase 1 NCTO01203943 Terminated
CC90001 (38) Kinase 1 NCT03142191 Recruiting
TD139 (41) Galectin-3 1 NCT03832946 Recruiting
Treprostinil (42) PGI2 I1'and 111 NCT02633293 Enrolling by invitation
Gefapixant (43) P2X2/3 1 NCT02477709 Completed
Vismodegib (44) Hedgehog 1 NCT02168530 Withdrawn
GSK3008348 (45) Integrin a,f; | NCT02612051 Completed
GKT137831 (46) NOX1/4 1l NCT03865927 Not yet recruiting
GLPG1690 (49) ATX I NCTO03733444 Recruiting
1] NCT03711162 Recruiting
Kidney Pirfenidone (17) TGF- 1 NCT00001959 Completed
Bardoxolone (32) Inflammatory I NCT01351675 Terminated
Avosentan (63) ETR 1] NCT00120328 Terminated
Sparsentan (66) ETR 1| NCTO03493685 Recruiting
Spironolactone (76) Mineralocorticoid receptor v NCT02948998 Not yet recruiting
Skin Tranilast (73) IL-6 Approved
Sirolimus (79) Inflammatory Approved
Triamcinolone acetonide (81) Inflammatory Approved
TGF-p1
Dexamethasone (82) Immune and inflammatory v NCT03239964 Completed
Verapamil (83) Calcium channel v NCT01720056 Completed
5-FU (84) Metabolite v NCTO01295099 Unknown
Rapamycin (85) mTOR | NCT04049552 Recruiting
Imiquimod (88) Immune 1 NCT03760250 Enrolling by invitation
Remlarsen (89) Immune 1 NCT03601052 Active
Bevacizumab (101) VEGF \Y] NCT01724385 Completed
Ranibizumab (102) VEGF v NCT01824043 Unknown
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Figure 5 The structures of anti-renal fibrosis drugs. JAK3: Janus kinase 3; KCa3.1: Ca*"-activated K* channel
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Figure 6 The structures of anti-cardiovascular fibrosis drugs
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J 2 [ W 25 25 W) 22 45 4 (triamcinolone acetonide,
81) NI I ik #0098 A S BRI TGF-BL (H 3R ik K EAEH,
HR WA B2 T T ARG B L RRIZE S
K. HZEKHS (dexamethasone, 82) T4 52 ik 1 HfE N
F AR B a5 % B 2570 1 1V I R 5, BT A 1Bk
TRIRIZIEI R . — Loty i) 25t B o B Ik 41 4
AR, [FRE 3 R T4 BIG 7 R R IZ 9%, 4 v i
K (verapamil, 83) I 5-% JR ¥ e (5-flourouracil, 5-FU,
84) 205981, 2 47 4F J§ (14) @ iT # 1 TGF-A/Smad 1
MAPK/ERK (mitogen-activated protein kinases/extracel-
lular signal-regulated kinase) i i & ¥ 50 R JZ & 1 4F
FHE, G HEN T R B0 B B, 15 A Dy 5 26 Ji ]
P21l . mTORAE 5 1 % 40l 77 & I % 3 (rapamycin,
85) B % 11 PI3K/AKYmTOR 3 % 5 £ 1) ECM TR,
5T — PR BR IR IZ IS IR 9T B2 . IR DABCE AR N7
AU TR AR R A F ) 2 N I IR AE ST B, 2t
BRI 00— 3R AT AEA 259 . mTOR Sl
771 KU-006374 (86) F1 KU-0068650 (87) J fE X =& 4111 ]
T R 2R E S 1 (target of rapamycin complex 1,
TORC1) il TORC2, il ik 4 ] PI3K/AKt/mTOR jif %
RIFIOTT FIRIZSE R A, (R LS5 i 3 R A A, ik
% SLHF (imiquimod, 88) J& — F 2 15 3 IFN-a TNF-a
IL-1.1L-6 T 1L-8 f¥) o 28 S 25 3 15 771, 2 2 1 N il IR
IR B, 1F 938 #1570 H T R 5 T8 IR 2 5
2% . Remlarsen (MRG-201, 89) /& — Fh {4 /s RNA-29
(microRNA-29, miR-29) [ ALLA, RE A% f [ 1 715 21 4k
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Figure 7 The structures of anti-skin fibrosis drugs
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Figure 8 The structures of anti-pancreatic fibrosis drugs



- 2524 - 222224 Acta Pharmaceutica Sinica 2020, 55(11): 2510 -2528

) (lisinopril, 93) 1 AT,R 471 71 S ¥ 3H (25) 01052081,
% 5 S B (camostat mesylate, 94) J& —Ff L R &
FIEg M HIR, SR TR I7 2 YR ¢, Be 4] PSCs
%) 184 RN PR 40 i 4 4k 2& A 1 (monocyte chemotactic
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Figure 9 The structures of anti-retinal fibrosis drugs. HMG-Co-A: Hydroxy-methyl-glutaryl coenzyme A
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