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Abstract: Pulmonary fibrosis is an interstitial lung disease characterized by inflammatory injury and tissue
structure destruction. Currently, there is a lack of effective therapeutic drugs for pulmonary fibrosis, and the
mechanism is still unknown. Therefore, it is urgent to seek new targets for effective drugs. In pulmonary fibrosis,
the level of autotaxin (ATX) in bronchoalveolar lavage fluid increases and stimulates the production of
lysophosphatidic acid (LPA). The involvement of LPA receptors in activating a variety of G-protein-mediated
signal transduction pathways leads to a range of related physiological effects, including pro-inflammatory signaling
in epithelial cells, activation of transforming growth factor signaling, and stimulation of fibroblast accumulation.

LPA receptor antagonists and ATX inhibitors have been concerned as new targets for pulmonary fiber therapy, and
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currently related drugs have entered clinical trials. In this paper, the pathophysiological effects of LPA and ATX in

pulmonary fibrosis disease and related drug development progress were reviewed to provide reference information

of new drug development for pulmonary fibrosis based on the ATX-LPA axis.

Key words: autotaxin; lysophosphatidic acid; pulmonary fibrosis; inhibitor

fitfi 45 4 4. (pulmonary fibrosis, PF) /& — 12 4 i3t
A7 P il 8 2 00, i PR b 22 3 IR R R il 41 4 Ak
(idiopathic pulmonary fibrosis, IPF), F4RAE N iy s &
TR 2T 24 40 B 1) AL S 2T 24 40 B 43 A0 I DR AR R ik
(1) 4 M A0 R O A . SR T Ml T 44 A %) 2 9 AL
ATHA 1) BR, Bz Jo3 2 [ e AR B 2 4100 o) 70 A S st R 27 1)
EITE RS, B At UA IR e B (pirfenidone) F1JE 1A JB
i (nintedanib) #% fit i FH F IPF ¥6 9754 (HIX P Fl 24
VDA BE 10 % B U P A TPF 0903 175 g« il 2 4
R MG FZFEIG I BT R E AT, U
W R 50% HEH G 2~3 F AL HLE, 1GR X
IS 8 24 A4 5 99 3 VR R SRR 9T T RS B SR I,
5 L% 52 (lysophosphatidic acid, LPA) # /% 7E IPF i
1SS IR HE Y (bronchoalveolar lavage fluid,
BALF) A# K B2 2K 75 5 il 21 48 46 /) BB R v B8 25 7
fm, RYE T AT e M 5248 | BB IR AN B2 ) R s
AR H. LPA T 3 W AR A it 8 4 A0 50 1) A2 )
WEY . EELUEE R, N R A M SR 0k v 1 g
2 52 #& 1 (lysophosphatidic acid receptor 1, LPAR1) T
I 3 M8 S VE R LRI N, T BUEYNE AN BB
T R, kb LPA [ 7 A2 5 i) LPA 1 4E FH i 4%
A SR A 4EAL 25Vt K A R

@

1 LPA KBS EIEF (autotaxin, ATX)
1.1 LPA LPA /& H §i O 5045 K4 5 fa] 5 16 H- 3 5% i
(5> T 5 & 430~480 Da), &= B 41 i N 541 i 2 7
AR . B FOE N &R, B EBENEEE D B¢
T R T AR P B H R (diacylglycerol kinase,
DGK) fI{EH F =4 I5 R (phosphatidic acid, PA), i
— 3B W WIS B A ZK A8 9 LPA, J 4 () LPA A A 2
B IR HR TR A, TE V08 I Al A A R PR A S A% T
TER o 28 R 2 MU A& 42, — REEAE I35 A0 i 2 e A
1 M P O 2 B o kIR I A /KRR, BT A5V It 5 g 11 3k 35
ik 141 1k 7 1 195 g T D U0 & LA A2 LPAY, i 4 1) LPA
Wit AR A R AR A ThRe, Ui 25 1) LPA £ B 41
Jio S _F 1% B Bl R % B2 B8 (lipid phosphate phosphatase,
LPP) F#fi# 4 Bk H ¥ (monoacylglycerol, MAG). H
W, OA 6 Fh 2 M4 %5 58 JF fir 44 W LPAR1~6, LPA 5
ARG G G 0TS G AR BRI R BERE 5 1E
3, FASZ AR E] 4 4 R = AR ) D — Fl
5 £ f Ga & A (Gy5~ Gy~ Gy M1 Gy AT BTE
PI3K/AKT.Ras/MAPK %55 18 i, /= 4 A [\ 1) 44
AR R 22 Bl 1) B AR BDIR A, L FE S E
LRYEAL L  J9RE SOV 5 (B 1)
A E A YA PR, LPA FE AT il 5 &5 41 4 h
i R Fe ¥ HL A IR AR F, A2 4T 4 Ak o LPA i 0IE B

~ec LPA  MAG

) o o T on o

i NV Ho

R)Lo/\é/\o/ﬁ\o/\/g\ R)ko/ﬁ/\o)\o )ko/\é/\m‘

& o v OH OH

Chline
LPARS Leagg
‘ Ln
'/"/:14’8

MAPK) CAki) (Rac ) (CAMP

Figure 1

Main extracellular generation and action pathways of LPA. LPA: Lysophosphatidic acids; LPC: Lyso-phosphatidylcholine;

MAG: Monoacylglycerol; ATX: Autotaxin; LPP: Lipid phosphate phosphatase
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Table 1 Clinical trials of drugs targeting ATX-LPA axis in pulmonary fibrosis therapy. IPF: Idiopathic pulmonary fibrosis

RIS JF R T B R NE T AR
AL, T YA B 25 0T KSR 1A T B SO,
MR R 1 FT7R .

Class Drug Phase NCT Dose Status Participant Control drug
LPA1 antagonist BMS-986020 I NCT02068053 600 mg Completed Healthy participants None
BMS-986020 11 NCT01766817 600 mg, q.d. Completed IPF participants Placebo
600 mg, b.i.d.
BMS-986278 I NCT04308681 Specified dose Completed Healthy participants Placebo
BMS-986278 I NCTO03981094 Specified dose Completed Healthy participants Pirfenidone
BMS-986278 11 NCT04308681 Specified dose Active, not recruiting IPF participants Placebo
18F-BMS-986327 1 NCT04069143 None Recruiting IPF/health participants ~ None
ATX inhibitors GLPG1690 I NCT02179502 Single and multiple doses Completed Healthy male participants Placebo
GLPG1690 I NCT02738801 600 mg, q.d. Completed IPF participants Placebo
GLPG1690 I NCT03733444 200 mg, q.d. Terminated IPF participants Placebo
GLPG1690 I NCTO03711162 600 mg, q.d. Terminated IPF participants Placebo
HNC664 I NCT04504448 Single doses Completed Healthy participants Placebo
40-500 mg
BBT-877 I NCT03830125 200 mg, q.d. Completed Healthy participants Placebo
BBT-877 11 NCT05483907 600 mg, q.d. Not yet recruiting IPF participants Placebo
BLD-0409 I NCT04146805 Single and multiple doses Completed Healthy participants Placebo
BLD-0409 I NCT05373914 200 mg, b.i.d. Not yet recruiting IPF participants Placebo




VL AR DL 70 WA38 Bl IR AL 188 TR ol DAy L i PO i 2T 4 A 245 4 7t e

2967

DAL ATX-LPA il #8511 25900t /BRI ¢ B, R
TG AN, 124 R 1EHRE K 2 53 AE 2
Fi LPAR I B A28 SO, 11 AN [5] LPAR 473 R 48 i v
PR A HAT e M B0 J&, DL LPAR A HE & (18 2571 K
A RE TR Z 1R IT &5 R, T BEAS T LPAR ¥ Bt 7
W FE MG R4 . LPAR R AH 2482 24 1 G & (R Bk
B G— PR KZHLPARHEL T i FH L LY
GHEHE, MM F=4 T 2 75 R 45 /17, 1 0) i B 259 )
YE ML AR 25 ) 5 BIE G R T 2 N . 72
KRR TEH, 248 s W) KB B e, K12
2% BT ) B [ FH U2 o 1D 22 3 A e o 750 T S 6 LPA
T U I R (R Y, DT 3 R v 2 4 A
FEARZE YIS KRN . b, AT v IR 1 FH 1 24 4 Bk
A NN RIT 7 ZAE AR, U RIS T ATX 1 551
BMS-986278 At E J& il & FH 11 254X 80 71 7 A0 BAE
O # A (NCT03981094), {H v A 4l i 25 F, K ok LA
ATX-LPA i 4 88 & (1 2590 5 I I8 97 290 A B 4 8
LIPSl R R A S S P R vk o8

e Bk LT (LS A AE 4 KR SR W
AR B 57 SCHR A (] K s g ik s 4 T SOk B AR YR B
5.

FIZEMSE: Fr A VEE BB AR 2 v R

References

[1] Gogali A, Wells AU. New pharmacological strategies for the
treatment of pulmonary fibrosis [J]. Ther Adv Respir Dis, 2010,
4:353-366.

[2] du Bois RM. Strategies for treating idiopathic pulmonary
fibrosis [J]. Nat Rev Drug Discov, 2010, 9: 129-140.

[3] Bouros D. Pirfenidone for idiopathic pulmonary fibrosis [J].
Lancet, 2011, 377: 1727-1729.

[4] Li YX, Lv XX, Liu C, et al. Pirfenidone and nidanib inhibit
alveolar epithelial cell regeneration in mice with chronic
pulmonary fibrosis [J]. Acta Pharm Sin (% % %% i), 2020, 55:
861-867.

[5] Klingsberg RC, Mutsaers SE, Lasky JA. Current clinical trials
for the treatment of idiopathic pulmonary fibrosis [J]. Respirology,
2010, 15:19-31.

[6] Tager AM, LaCamera P, Shea BS, et al. The lysophosphatidic
acid receptor LPA1 links pulmonary fibrosis to lung injury by
mediating fibroblast recruitment and vascular leak [J]. Nat Med,
2008, 14: 45-54.

[7]  Okudaira S, Yukiura H, Aoki J. Biological roles of lysophosphatidic
acid signaling through its production by autotaxin [J]. Biochimie,
2010, 92: 698-706.

[8] Yung YC, Stoddard NC, Chun J. LPA receptor signaling:
pharmacology, physiology, and pathophysiology [J]. J Lipid Res,

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

2014, 55: 1192-1214.

Rivera R, Chun J. Biological effects of lysophospholipids [J].
Rev Physiol Biochem Pharmacol, 2008, 160: 25-46.

Yanagida K, Valentine WJ. Druggable lysophospholipid signaling
pathways [J]. Adv Exp Med Biol, 2020, 1274: 137-176.

Kaffe E, Katsifa A, Xylourgidis N, et al. Hepatocyte autotaxin
expression promotes liver fibrosis and cancer [J]. Hepatology,
2017, 65: 1369-1383.

Tkeda H, Yatomi Y. Autotaxin in liver fibrosis [J]. Clin Chim
Acta, 2012, 413: 1817-1821.

Pradere JP, Gonzalez J, Klein J, et al. Lysophosphatidic acid and
renal fibrosis [J]. Biochim Biophys Acta, 2008, 1781: 582-587.
Zhao Y, Natarajan V. Lysophosphatidic acid signaling in airway
epithelium: role in airway inflammation and remodeling [J]. Cell
Signal, 2009, 21: 367-377.

Sakai N, Chun J, Duffield JS, et al. Lysophosphatidic acid
signaling through its receptor initiates profibrotic epithelial cell
fibroblast communication mediated by epithelial cell derived
connective tissue growth factor [J]. Kidney Int, 2017, 91:
628-641.

Stracke ML, Krutzsch HC, Unsworth EJ, et al. Identification,
purification, and partial sequence analysis of autotaxin, a novel
motility-stimulating protein [J]. J Biol Chem, 1992, 267: 2524-
2529.

Hemmings DG, Brindley DN. Signalling by lysophosphatidate
and its health implications [J]. Essays Biochem, 2020, 64:
547-563.

Dusaulcy R, Rancoule C, Grés S, et al. Adipose-specific disrup-
tion of autotaxin enhances nutritional fattening and reduces
plasma lysophosphatidic acid [J]. J Lipid Res, 2011, 52: 1247-
1255.

Benesch MG, Zhao Y'Y, Curtis JM, et al. Regulation of autotaxin
expression and secretion by lysophosphatidate and sphingosine
1-phosphate [J]. J Lipid Res, 2015, 56: 1134-1144.

Ntatsoulis K, Karampitsakos T, Tsitoura E, et al. Commonalities
between ARDS, pulmonary fibrosis and COVID-19: the potential
of autotaxin as a therapeutic target [J]. Front Immunol, 2021, 12:
687397.

Gao L, Li X, Wang H, et al. Autotaxin levels in serum and
bronchoalveolar lavage fluid are associated with inflammatory
and fibrotic biomarkers and the clinical outcome in patients with
acute respiratory distress syndrome [J]. J Intensive Care, 2021,
9:44.

Nikitopoulou I, Fanidis D, Ntatsoulis K, et al. Increased auto-
taxin levels in severe COVID-19, correlating with IL-6 levels,
endothelial dysfunction biomarkers, and impaired functions of
dendritic cells [J]. Int J Mol Sci, 2021, 22: 10006.

Oikonomou N, Mouratis MA, Tzouvelekis A, et al. Pulmonary
autotaxin expression contributes to the pathogenesis of pulmonary

fibrosis [J]. Am J Respir Cell Mol Biol, 2012, 47: 566-574.



Ny

2968 - 2% %4 Acta Pharmaceutica Sinica 2023, 58(10): 2961-2969

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Ninou I, Kaffe E, Miiller S, et al. Pharmacologic targeting of the
ATX/LPA axis attenuates bleomycin-induced pulmonary fibrosis
[J]. Pulm Pharmacol Ther, 2018, 52: 32-40.

Mouratis MA, Magkrioti C, Oikonomou N, et al. Autotaxin and
endotoxin-induced acute lung injury [J]. PLoS One, 2015, 10:
e0133619.

Meduri B, Pujar GV, Durai Ananda Kumar T, et al. Lysophosphatidic
acid (LPA) receptor modulators: structural features and recent
development [J]. Eur J Med Chem, 2021, 222: 113574.

Liu W, Hopkins AM, Hou J. The development of modulators for
lysophosphatidic acid receptors: a comprehensive review [J].
Bioorg Chem, 2021, 117: 105386.

Swaney JS, Chapman C, Correa LD, et al. A novel, orally active
LPA(1) receptor antagonist inhibits lung fibrosis in the mouse
bleomycin model [J]. Br J Pharmacol, 2010, 160: 1699-1713.

Cai J, Wei J, Li S, et al. AM966, an antagonist of lysophosphatidic
acid receptor 1, increases lung microvascular endothelial
permeability through activation of Rho signaling pathway and
phosphorylation of VE-cadherin [J]. Mediators Inflamm, 2017,
2017: 6893560.

Swaney JS, Chapman C, Correa LD, et al. Pharmacokinetic and
pharmacodynamic characterization of an oral lysophosphatidic
acid type 1 receptor-selective antagonist [J]. J Pharmacol Exp
Ther, 2011, 336: 693-700.

Gan L, Xue JX, Li X, et al. Blockade of lysophosphatidic acid
receptors LPARI1/3 ameliorates
irradiation [J]. Biochem Biophys Res Commun, 2011, 409: 7-13.

lung fibrosis induced by
Huang LS, Fu P, Patel P, et al. Lysophosphatidic acid receptor-2
deficiency confers protection against bleomycin-induced lung
injury and fibrosis in mice [J]. Am J Respir Cell Mol Biol, 2013,
49:912-922.

Chi YM, Xie WB, Zheng Y, et al. Research progress on
inhibitors of autotaxin [J]. Cent South Pharm (' F4 2§ 2%), 2016,
14: 897-904.

Gierse J, Thorarensen A, Beltey K, et al. A novel autotaxin
inhibitor reduces lysophosphatidic acid levels in plasma and the
site of inflammation [J]. J Pharmacol Exp Ther, 2010, 334:
310-317.

Bhave SR, Dadey DY, Karvas RM, et al. Autotaxin inhibition
with PF-8380 enhances the radiosensitivity of human and murine
glioblastoma cell lines [J]. Front Oncol, 2013, 3: 236.

Lei H, Cao Z, Wu H, et al. Structural and PK-guided identification
of indole-based non-acidic autotaxin (ATX) inhibitors exhibiting
high in vivo anti-fibrosis efficacy in rodent model [J]. Eur J Med
Chem, 2022, 227: 113951.

Nikolaou A, Ninou I, Kokotou MG, et al. Hydroxamic acids
constitute a novel class of autotaxin inhibitors that exhibit in vivo
efficacy in a pulmonary fibrosis model [J]. ] Med Chem, 2018,
61:3697-3711.

Black KE, Berdyshev E, Bain G, et al. Autotaxin activity

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

increases locally following lung injury, but is not required for
pulmonary lysophosphatidic acid production or fibrosis [J].
FASEB J, 2016, 30: 2435-2450.

Kuttruff CA, Ferrara M, Bretschneider T, et al. Discovery of
BI-2545: a novel autotaxin inhibitor that significantly reduces
LPA levels in vivo [J]. ACS Med Chem Lett, 2017, 8: 1252-1257.
Banerjee S, Lee S, Norman DD, et al. Designing dual inhibitors
of autotaxin-LPAR GPCR axis [J]. Molecules, 2022, 27: 5487.
Zhang H, Xu X, Gajewiak J, et al. Dual activity lysophosphatidic
acid receptor pan-antagonist/autotaxin inhibitor reduces breast
cancer cell migration in vitro and causes tumor regression in vivo
[J]. Cancer Res, 2009, 69: 5441-5449.

Nikitopoulou I, Kaffe E, Sevastou I, et al. A metabolically-
stabilized phosphonate analog of lysophosphatidic acid
attenuates collagen-induced arthritis [J]. PLoS One, 2013, 8:
€70941.

Banerjee S, Norman DD, Lee SC, et al. Highly potent non-
carboxylic acid autotaxin inhibitors reduce melanoma metastasis
and chemotherapeutic resistance of breast cancer stem cells [J]. J
Med Chem, 2017, 60: 1309-1324.

Raghu G, Collard HR, Anstrom KJ, et al. Idiopathic pulmonary
fibrosis: clinically meaningful primary endpoints in phase 3
clinical trials [J]. Am J Respir Crit Care Med, 2012, 185: 1044-
1048.

Palmer SM, Snyder L, Todd JL, et al. Randomized, double-blind,
placebo-controlled, phase 2 trial of BMS-986020, a lysophosphatidic
acid receptor antagonist for the treatment of idiopathic pulmo-
nary fibrosis [J]. Chest, 2018, 154: 1061-1069.

Kim GHJ, Goldin JG, Hayes W, et al. The value of imaging and
clinical outcomes in a phase II clinical trial of a lysophosphatidic
acid receptor antagonist in idiopathic pulmonary fibrosis [J].
Ther Adv Respir Dis, 2021, 15: 17534666211004238.

Cheng PTW, Kaltenbach RF 3rd, Zhang H, et al. Discovery of an
oxycyclohexyl acid lysophosphatidic acid receptor 1 (LPA(1))
antagonist BMS-986278 for the treatment of pulmonary fibrotic
diseases [J]. ] Med Chem, 2021, 64: 15549-15581.

Corte TJ, Lancaster L, Swigris JJ, et al. Phase 2 trial design of
BMS-986278, a lysophosphatidic acid receptor 1 (LPA(1))
antagonist, in patients with idiopathic pulmonary fibrosis (IPF)
or progressive fibrotic interstitial lung disease (PF-ILD) [J].
BMJ Open Respir Res, 2021, 8: ¢001026.

Gill M, Lakshmi S, Cheng P, et al. BMS-986278, an LPA1
receptor antagonist for idiopathic pulmonary fibrosis: preclinical
assessments of potential hepatobiliary toxicity [J]. Am J Resp
Crit Care, 2019, 199: A5882.

Sivaraman L, Gill M, Nelson DM, et al. Structure dependence
and species sensitivity of in vivo hepatobiliary toxicity with
lysophosphatidic acid receptor 1 (LPA1) antagonists [J]. Toxicol
Appl Pharmacol, 2022, 438: 115846.

Gill MW, Murphy BJ, Cheng PTW, et al. Mechanism of



VL AR DL 70 WA38 Bl IR AL 188 TR ol DAy L i PO i 2T 4 A 245 4 7t e

2969

[52]

[53]

[54]

hepatobiliary toxicity of the LPA1 antagonist BMS-986020
developed to treat idiopathic pulmonary fibrosis: contrasts with
BMS-986234 and BMS-986278 [J]. Toxicol Appl Pharmacol,
2022, 438: 115885.

Smith R, Kim J, Donnelly D, et al. BMS-986327 as a novel PET
imaging agent for assessment of LPA1 receptors in IPF [J]. Eur
Respir J, 2019, 54: PA1399.

Van Der Aar EM, Heckmann B, Blanque R, et al. Pharmacological
profile and efficacy of GLPG1690, a novel autotaxin inhibitor
for the treatment of idiopathic pulmonary fibrosis [J]. Am J Resp
Crit Care, 2016, 193: A4532.

Taneja A, Desrivot J, Diderichsen PM, et al. Population
pharmacokinetic and pharmacodynamic analysis of GLPG1690,

an autotaxin inhibitor, in healthy volunteers and patients with

[55]

[56]

[57]

[58]

idiopathic pulmonary fibrosis [J]. Clin Pharmacokinet, 2019, 58:
1175-1191.

JiaY, Li Y, Xu XD, et al. Design and development of autotaxin
inhibitors [J]. Pharmaceuticals, 2021, 14: 1203.

Fells JI, Tsukahara R, Fujiwara Y, et al. Identification of non-
lipid LPA3 antagonists by virtual screening [J]. Bioorg Med
Chem, 2008, 16: 6207-6217.

Cuozzo JW, Clark MA, Keefe AD, et al. Novel autotaxin
inhibitor for the treatment of idiopathic pulmonary fibrosis: a
clinical candidate discovered using DNA-encoded chemistry [J].
J Med Chem, 2020, 63: 7840-7856.

Katsifa A, Kaffe E, Nikolaidou-Katsaridou N, et al. The bulk of
autotaxin activity is dispensable for adult mouse life [J]. PLoS

One, 2015, 10: ¢0143083.



