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Abstract

Autotaxin (ATX) is a secreted enzyme which hydrolyzes lysophosphatidylcholine (LPC) to lysophosphatidic acid (LPA) and choline. The ATXLPA axis has attracted increasing interest recently for both ATX and LPA are involved in various pathological conditions such as tumor progression
and metastasis, fibrotic diseases, arthritis, autoimmune diseases and obesity. Thus, great efforts have been devoted in identifying synthetic ATX
inhibitors as new agents for treating various diseases including cancer and fibrotic diseases. Herein, this mini review mainly focused on the binding
modes of the reported ATX inhibitors and their indications correspondingly.
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Introduction

ATX is part of the seven membered family of ectonucleotide
pyrophosphatases/phosphodiesterases (ENPPs), which are
characterized by their ability to catalyze the hydrolysis of
pyrophosphate or phosphodiester bonds in nucleotides. ATX is
distinguished from ENPPs with its function as a lysophospholipase
D (lysoPLD), catalyzing the transformation of LPC into the signaling
LPA (Figure 1A) [1]. The ATX-LPA axis has been concerned with a

wide range of pathological conditions, including tumor progression,
inflammation and multiple sclerosis (Figure 1A) [2]. Given its
emerging role in diseases, ATX is actively pursued as a challenging
therapeutic target accompanied with publication of several reviews
[3-5] discussing ATX and its inhibitors. The aim of this mini review
is to summarize different binding modes of the uncovered ATX
inhibitors and describe their utilities briefly.

Figure 1:
A.
The ATX-LPA axis and downstream signals,
B.
The 3D structure of ATX,
C.
The active site of ATX and its binding mode with PF-8380.
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Binding Modes of Reported ATX Inhibitors
The Structure and Active Site of ATX
ATX was firstly isolated in 1992 from A2058 melanoma cells and
characterized as a 125 kDa glycoprotein (Figure1B). Structurally,
ATX comprises two somatomedin B (SMB)-like domains located at
N-terminus, a central catalytic phosphodiesterase (PDE) domain
and a catalytically invalid nuclease (NUC)-like domain situated at
the C-terminus. The hydrolytic activity comes from a threonine
residue (Thr210) in the enzyme’s active site, located in the PDE
domain, near two zinc ions coordinated by conserved aspartate and
histidine residues [6]. ATX appears to have a hydrophobic tunnel
formed by SMB1 and catalytic domains as a second LPA-binding
site, which connects to the hydrophobic pocket and catalytic site,
consequently forming a ‘T-junction’ (Figure 1C). The channel seems
likely to serve as an exit site that releases LPA into the cellular
microenvironment to activate its receptors or as an entrance for
the LPC substrates [7].

Various Binding Modes of Reported ATX Inhibitors

Since the first report of ATX structure, plenty of endogenous
ligands and synthetic inhibitors have been described. Confusingly,
according to the cocrystal structures, they exhibited a diversity of
binding modes, which can be classified into four types [8] at this
stage as illustrated in Figure 2.
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a.
Type I inhibitors, such as LPA species, HA-155 and PF8380 (Figure 2A), simulate the binding mode of LPC substrate
and occupy the catalytic site [9-10]. They generally have
a Zn2+ binding group and a hydrophobic tail taken up the
hydrophobic pocket. Such inhibitors leave the hydrophobic
channel unoccupied, which explains why many type I inhibitors
exist a secondary compound (blue dots) occupying this
channel, generally a species from the solution with amphiphilic
properties such as cholesterol or LPA derivatives.
b.
Type II inhibitors occupy the hydrophobic pocket by
largely utilizing their intrinsic plasticity. Interestingly, they take
up the bottleneck between the hydrophobic channel and the
catalytic site but not fully occupy any of them. PAT-078 (Figure
2B), PAT-494 as well as CRT0273750 represent such type II
inhibitors [11]. In contrast to type I inhibitors,

c.
Type III inhibitors bind to the hydrophobic channel
while leaving the hydrophobic pocket and the catalytic site
unoccupied. They comprise PAT-505 (Figure 2C) and its analogs
PAT-347, PAT-048, and the steroids 7α-hydroxycholesterol
and tauroursodeoxycholic acid (TUDCA) [11-13]. It should be
noted that even though type II and type III inhibitors bear an
acidic group, they generally make no interaction with the Zn2+
located in the catalytic site.

Figure 2: The classification of binding modes I~IV and corresponding representative compounds.
d. While, the newly reported GLPG-1690 which are now
undergoing a phase II trial in the treatment of idiopathic pulmonary
fibrosis (IPF) differs from other inhibitors and can therefore be
categorized as type IV inhibitors (Figure 2D) [14]. Indeed, by
occupying both the hydrophobic pocket and the hydrophobic
channel, the two sites enabling the binding of LPC, the type IV
inhibitors obstruct the binding of LPA and bile acid derivatives to

ATX and avoid any interactions of substrates with the Zn2+, which
may produce additional effects in regulation of the ATX-LPA axis
function.

The Main Indications of ATX Inhibitors

The prominent areas of attention are the role of ATX-LPA
signaling in cancer and fibrotic diseases. 2 ATX has been related
to cancer since its first isolation, and inhibition of ATX delays lung

Cite this article: Xin Zhai, Hongrui L, Fang J, Ming G, Dajun Z. The Classified Progression in Binding Modes of Autotaxin (ATX) Inhibitors.
Biomed J Sci&Tech Res 7(3)- 2018. BJSTR. MS.ID.001496. DOI: 10.26717/ BJSTR.2018.07.001496.

5885

Biomedical Journal of Scientific & Technical Research

metastasis and breast tumor growth in mice. The ATX-LPA signaling
has been also found involved in fibrotic diseases, with IPF being
the most frequently studied disease. Pharmacological inhibition of
ATX attenuated disease development, ascertaining ATX a potential
therapeutic target in IPF, and GLPG-1690 has been becoming the
sole compound undergoing a phase II trial for treatment of IPF as
an ATX inhibitor [14]. Interest is also growing for the role of the
ATX-LPA axis in mouse models of allergic airway inflammation
and humans with asthma. Detection of increased ATX expression
in diverse inflammatory states suggests the presence of ATX-LPA
axis in inflammation in general [2]. Moreover, the involvement
of ATX in hepatitis and multiple sclerosis were ascertained for
increased levels of serum ATX activity was detected. Therefore, the
implication of ATX and LPA in IPF and cancer, but also in chronic
inflammation and other human diseases establishes them as
promising therapeutic targets [15].

Perspective

The attention on ATX/LPA axis has been increasing over the last
years, as evidenced by the plethora of patents and articles reported.
By now, many compounds have been reported to inhibit ATX
potently in vitro, undoubtedly, there is an urgent need for in vivo
studies with ATX inhibitors in various animal models. Certainly,
ATX is an attractive target for identification of new therapeutic
agents for the treatment of various diseases, especially for cancer
and fibrotic diseases.

Acknowledgments

The work was supported by National Natural Science
Foundation of China (Application No. 8187131455) and Scientific
research fund of Shenyang Medical college (20171001).

References

1. Tokumura A, Majima E, Kariya Y, Tominaga K, Kogure K, et al. (2002)
Identification of human plasma lysophospholipase D, alysophosphatidic
acid-producing
enzyme,
as
autotaxin,
a
multifunctional
phosphodiesterase. J Biol Chem 277(42): 39436-39442.
2. Benesch MGK, Ko YM, Mc Mullen TPW, Brindley DN (2014) Autotaxin in
the crosshairs: Taking aim at cancer and other inflammatory conditions.
FEBS Lett 588(16): 2712-2727.

Volume 7- Issue 3: 2018

3. Castagna D, Budd DC, Macdonald SJ, Jamieson C, Watson AJ (2016)
Development of autotaxin inhibitors: an overview of the patent and
primary literature. J Med Chem 59(12): 5604-5621.
4. Parrill AL, Baker DL (2010) Autotaxin inhibitors: a perspective on initial
medicinal chemistry efforts. Expert Opin Ther Pat 20(12): 1619-1625.

5. Albers HMHG, Ovaa H (2012) Chemical evolution of autotaxin inhibitors.
Chem Rev 112(5): 2593-2603.
6. Gijsbers R, Aoki J, Arai H, Bollen M (2003) The hydrolysis of
lysophospholipids and nucleotides by autotaxin (NPP2) involves a single
catalytic site. FEBS Lett 538(1-3): 60-64.
7. Hausmann J, Perrakis A, Moolenaar WH (2013) Structure–function
relationships of autotaxin, a secreted lysophospholipase. D Adv Biol
Regul 53(1): 112-117.

8. Joncour A, Desroy N, Housseman C, Bock X, Bienvenu N, et al. (2017)
Discovery, Structure-Activity Relationship and Binding Mode of
Imidazo[1,2-a] pyridine Series of Autotaxin Inhibitors. J Med Chem 60
(17): 7371-7392.

9. Hausmann J, Kamtekar S, Christodoulou E, Day JE, Wu T et al, (2011)
Structural basis of substrate discrimination and integrin binding by
autotaxin. Nat Struct Mol Biol 18(2): 198-204.
10. Nishimasu H, Okudaira S, Hama K, Mihara E, Dohmae N, et al. (2011)
Crystal structure of autotaxin an insight into GPCR activation by lipid
mediators. Nat Struct Mol Biol 18(2): 205-213.

11. Stein AJ, Bain G, Prodanovich P, Santini AM, Darlington J, et al. (2015)
Structural basis for inhibition of human autotaxin by four potent
compounds with distinct modes of binding. Mol Pharmacol 88(6): 982992.

12. Keune WJ, Hausmann J, Bolier R, Dagmar T, Andreas K, et al. (2016)
Steroid binding to Autotaxin links bile salts and lysophosphatidic acid
signalling. Nat Commun 7: 11248.
13. Bain G, Shannon KE, Huang F, Darlington J, Goulet L, et al. (2017)
Selective inhibition of autotaxin is efficacious in mouse models of liver
fibrosis. J Pharmacol Exp Ther 360(1): 1-13.

14. Nicolas D, Christopher H, Bock X, Joncour A, Bienvenu N, et al. (2017)
Discovery of 2-[[2-Ethyl-6-[4-[2-(3-hydroxyazetidin-1-yl)-2-oxo-ethyl]
piperazin-1-yl]-8-methylimidazo[1,2-a] pyridin-3-yl] methylamino]-4(4-fluorophenyl) thiazole-5-carbonitrile (GLPG1690), a First-in-Class
Autotaxin Inhibitor Undergoing Clinical Evaluation for the Treatment of
Idiopathic Pulmonary Fibrosis. J Med Chem 60(9): 3580-3590.

15. Aikaterini N, Maroula GK, Dimitris L, Anastasia P, George K (2017)
Autotaxin inhibitors: a patent review (2012-2016). Expert Opin Ther
Pat 27(7): 815-829.

ISSN: 2574-1241

Assets of Publishing with us

DOI: 10.26717/BJSTR.2018.07.001496
Xin Zhai. Biomed J Sci & Tech Res

This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

•

Global archiving of articles

•

Authors Retain Copyrights

•
•
•

Immediate, unrestricted online access
Rigorous Peer Review Process
Unique DOI for all articles

https://biomedres.us/

Cite this article: Xin Zhai, Hongrui L, Fang J, Ming G, Dajun Z. The Classified Progression in Binding Modes of Autotaxin (ATX) Inhibitors.
Biomed J Sci&Tech Res 7(3)- 2018. BJSTR. MS.ID.001496. DOI: 10.26717/ BJSTR.2018.07.001496.

5886

