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Abstract: Ectonucleotide pyrophosphatase/phosphodiesterase 2 (ENPP2) also known as 
Autotaxin, is a secreted lysophospholipase D, which hydrolyzes lysophosphatidylcholine (LPC) into 
Lysophosphatidic acid (LPA). LPA is the bioactive product of ENPP2 enzyme, which induces diverse signalling 
pathways via six LPA-G-protein coupled receptors (GPCRs). ENPP2 is an essential protein for normal 
development and its altered expression is associated with various human diseases. Cellular ENPP2 silencing 
results in lethality at the embryonic stage in mice. Initially, it is identified as an autocrine factor in melanoma 
cells. Different research groups are currently exploring to understand the multifaceted role of ENPP2 in various 
processes such as embryonic and neural development, migration, invasion, differentiation, proliferation, 
angiogenesis, and survival. Altered expression of ENPP2 is also associated with various diseases like 
inflammation, cancer, fibrosis, rheumatoid arthritis and neural defects. In this article, we have summarized 
structural aspects of ENPP2 and biochemical functions associated with its diverse cellular roles in various 
human diseases including cancer and Alzheimer’s disease (AD). In addition, keeping in view and advocating 
findings, a note on various phytochemicals and synthetic inhibitors, which are currently explored as therapeutic 
agents targeting functions of ENPP2 for the treatment of various human diseases is also presented. 
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INTRODUCTION 
 Ectonucleotide pyrophosphatase/phosphodiesterase 
2 (ENPP2) is an extracellular secreted enzyme. ENPP2 
(also known as autotaxin, ATX) is the member of 
ectonucleotide pyrophosphatase/ phosphodiesterases 
family. In the extracellular fluids, ENPP2 catalyzes the 
conversion of lysophosphatidylcholine (LPC) into 
lysophosphatidic acid (LPA) [1, 2]. Stracke et al. in 
1992, identified ENPP2 as an autocrine factor in A2058 
melanoma cells. They purified ENPP2 from the 
conditioned medium of A2058 melanoma cells. ENPP2 
is a 125 kDa glycoprotein. They named this 
glycoprotein as autotaxin. ENPP2 has pI of 7.7±0.2 [3]. 
ENPP2 is also involved in the initiation of the 
metastatic cascade in primary tumor cells (Stracke et 
al., 1993). In 1994, Murata et al. identified 45% amino 
acid homology in ENPP2/autotaxin with pyrophospha-
tase/type1 phosphodiesterase (PC-1), which is 
expressed on the surface of activated B cells and  
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plasma cells [4]. Database searches confirm 
phosphodiesterase-I alpha (PD1α), and human ENPP2 
are as spliced products of the same gene. Nucleotide 
and amino acid sequence analysis revealed that PD1α 
lacks 156 nucleotides (1022-1177) and 52 amino acids 
(325-376) from human ENPP2 [5]. The oligosaccharide 
chain linked to the ENPP2 is an asparagine linkage 
and decreases the molecular mass of ENPP2 to 100-
105 kDa and was found not to be associated with its 
motility stimulating activity [6]. 
 ENPP2 is a well characterized second of seven 
known members of the ENPP family and the only 
secreted protein from this family with additional 
lysophospholipase D activity [7]. Other synonyms for 
ATX are: nucleotide pyrophosphatase/phosphodie-
sterase 2 (NPP2), PD1 alpha, lysophospholipase D, 
and phosphodiesterase nucleotide pyrophosphatase 2 
(PDNP2) [8]. ENPP2 is known to be involved in various 
cellular processes such as embryonic development [3], 
blood vessel formation during the development [9], 
inflammation, and progression of cancer [1]. LPA is the 
bioactive product of ENPP2 and it acts via the LPA 
receptors coupled with G-protein; which results in 
cytokine production, inflammation, hyperplasia, tumor 
formation and metastasis [1]. It was found that ENPP2 
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also produces another bioactive lipid, cyclic 
phosphatidic acid (CPA), which is an analog of LPA. 
CPA has a cyclic phosphate at the sn-2 and -3 position 
of glycerol [10], which functions opposite to LPA. CPA 
has anti-mitogenic action and elevates cAMP level, 
inhibits the platelet aggregation, promotes the neurite 
outgrowth and enhances the survival of the neuronal 
cells. In addition, CPA is also known to inhibit the cell 
invasion and acts as an anti-metastatic agent [11]. 
 ENPP2 mediates many physiological and patho-
physiological processes to promote embryonic deve-
lopment involving vascular and neural development, 
cell survival, proliferation, and migration. Alteration in 
ENPP2 expression accelerates the progression of 
various human diseases such as cancer, neurological 
disorders, liver diseases, pulmonary fibrosis, and 
rheumatoid arthritis. Intense research being conducted 
in the area of ENPP2, especially regarding cancer. 
However, ENPP2 exploration in other human diseases 
demands research focus too. Keeping in view of 
advantage with the inhibition of ENPP2 activities, which 
will open up the new therapeutic field of treatment for 
various chronic diseases. Here, in this review, we have 
summarized both structural and functional aspects 
associated with diverse signalling of ENPP2/LPA axis, 
and their role in various human diseases. 

STRUCTURE OF HUMAN ENPP2 
 Structurally, ENPP2 consists of different domains: 
N-terminal hydrophobic domain, two somatomedin B 
(SMB) like domains, a catalytic phosphodiesterase 
(PDE) domain, and C-terminal nuclease (NUC) like 
domain (Fig. 1) [7]. ENPP2 shows structural similarity 
with ENPP1 and ENPP3 of ENPP family members [12]. 
ENPP2 shows interaction with other members of ENPP 
family, ENPP6 and various groups of phospholipase A2 
(PLA2) as predicted by the String 10 software under 
confident view (Fig. 2). 
 ENPP2 has an N-terminal hydrophobic domain that 
functions as a signal peptide. During secretion of active 
ENPP2 enzyme, the signal peptide is cleaved from the 
full-length ENPP2 [13]. The amino acid sequence in 
this region is highly conserved in various species such 
as rat, mouse, human and chicken. ENPP2 can be 
cleaved at two N-terminal sites that match the 
consensus sequence of signal peptide and furin. The 
presence of a signal peptide confirmed that ENPP2 is 
not a transmembrane protein [14]. Initially, it was 
thought that ENPP2 is a type II transmembrane 
metalloenzyme and an extracellular domain containing 
a conserved catalytic site [15]. The N-terminal signal 
peptide is consecutive by two somatomedin B-like 
(SMB) domains (SMB1 and SMB2). These SMB 

 
Fig. (1). Structural organization of ENPP2. 

 
Fig. (2). Predicted functional partners of ENPP2 using String 10 under confident view. ENPP2 showed interaction with its family 
member ENPP6 and various groups of phospholipase A2 (PLA2). 
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domains are rich in cysteine residues. Functionally 
these domains are involved in intramolecular disulfide 
bridge formation [13, 16]. Initially, it was thought that 
these domains are involved in homodimerization, 
however now it is confirmed that these domains are 
involved in the intramolecular disulfide bridge formation 
[17]. Therefore, these domains functionally act as 
protein interaction domains. ENPP2 also contains Arg-
Gly-Asp (RGD) tripeptide motif in its SMB2 domain. 
RGD motif is involved in protein-protein interaction [12]. 
The PDE domain has catalytic function and consists of 
approximately 400 amino acid residues [17]. Phos-
phodiesterase catalytic site (Y201MRPVYPTKTFPN213) 
is essential for the motility stimulating activity of ENPP2 
[18]. The PDE domain is indispensable for catalytic 
activity of ENPP2 [19]. The NUC like domain is 
necessary for the correct folding, intracellular local-
ization and secretion of the enzyme [20]. Molecular 
dynamic (MD) simulation of ENPP2 confirmed that the 
nuclease like domain and Asn524 glycan are essential 
for the catalytic activity of ENPP2 [21]. In the C-
terminal region, there is an another functionally active 
modulator of oligodendrocyte remodeling and focal 
adhesion organization (MORFO) domain. It has been 
observed that MORFO domain is involved in the 
regulation of morphological/structural plasticity of 
differentiating oligodendrocytes. This activity of ENPP2 
is independent of its catalytic LysoPLD activity [22-24]. 
 The human ENPP2 gene is identical to the mouse 
ENPP2 gene [25]. ENPP2’s localization in the genome 
is identified to be on the chromosome 8q23-24 [26]. 
The ENPP2 gene is 81,754 bp in length with 26 exons. 
However, exon 12 is alternatively spliced into 3276 bp 
mRNA fragment with exon 12 that encodes 105.2 kDa 
protein composed of 915 aa and other spliced fragment 
of 3120 bp without exon 12, which encodes 863 aa, 
which is a 99.0 kDa precursor protein [8]. 

Isoforms of ENPP2 
 ENPP2 is produced initially as a pre-proenzyme. 
Upon removal of signal peptide moiety by the signal 
peptidases, ENPP2 is subsequently cleaved by the 
pro-protein convertases like furin before it converts to 
mature ENPP2 [27]. ENPP2 has four alternative forms 
α, β, γ [28] and δ that are recently identified [29]. These 
isoforms result from the alternate splicing of ENPP2 
gene. ENPP2α binds specifically to heparin with high 
affinity but, ENPP2β does not, which enhances the 
lysophospholipase D activity of ENPP2α [30]. All 
isoforms have the same domain architecture. All of the 
ENPP2 isoforms differ from each other by the absence 
or presence of exon 12 or exon 21. Human ENPP2 α, 
β, γ, and δ consists of 915/863/888/859 aa [29]. 
ENPP2α lacks exon 21, ENPP2β lacks exon 12 and 
21, and ENPP2γ lacks exon 12 [25]. ENPP2β is widely 
expressed in the peripheral tissues and less in the 
brain. ENPP2γ is highly expressed in the brain and 
marginally expressed in the peripheral tissues. In 

addition, ENPP2α showed lower expression patterns, 
both in the brain and peripheral tissues [25]. 

Mechanism of Action and Functions of ENPP2 
 All cellular activities of ENPP2 are operated through 
its bioactive product LPA, which is a simple lipid. LPA 
is produced by the action of ENPP2 on the membrane 
LPC, which is the physiological substrate for the 
phosphodiesterase activity of ENPP2 and also reported 
to produce LPA. As studied in mice, circulating LPA 
has a half-life of about 3 min. LPC is present at up to 
200 µM in blood plasma in a predominantly in albumin-
bound form. Circulating LPA has a concentration 
between 10-7 to 10-6 M. Most of the biological functions 
of ENPP2 are operated via LPA [31]. LPA regulates 
itself, and its biosynthesis occurs in the extracellular 
environment [32]. LPA has multifaceted bioactivities 
displayed via G-protein coupled (GPCRs) LPA 
receptors [1]. As reviewed by Berdichevets et al. 
membrane phospholipids get hydrolyzed via lysoPLD 
activity which produces LPA. It has been found that 
LPA performs diverse functions through the six 
different GPCRs, LPA1 - LPA6 as shown in Fig. (3) 
[20]. LPA signalling results in cytokine production, 
inflammation, hyperplasia, tumor formation and 
metastasis [1]. LPA induces cell migration via activating 
Rac through Tiam1 GDP/GTP exchange factor [33]. 
Lipophilic, xenobiotics such as 2,3,7,8-tetrachloro-
dibenzo-para-dioxin (TCDD)-mediated activation of 
NFAT-1 promotes cell migration via ENPP2 signalling 
in breast cancer MCF-7 cells [34]. As studied in 
melanoma cells, ENPP2 exerts its motility effect via the 
G-protein coupled phosphoinositide-3-kinase γ [35]. 
Cell division cycle 42 (Cdc42) and Rac1 are essential 
for the invasive potential of ENPP2 as studied in A2058 
melanoma cells [35]. LPA binds to the receptor for 
advanced glycation end (RAGE) products, primarily 
through RAGE V-type immunoglobulin domain that is a 
member of the immunoglobulin superfamily. The RAGE 
operated signalling is further involved in activation of 
AKT signalling in primary murine aortic smooth muscle 
cells (SMCs), and are involved in phosphorylation of 
ERK mitogen-activated protein (MAP) kinase in rat C6 
astroglial cells [36]. ENPP2 rescue cells from apoptosis 
during starvation via degrading caspase-3, cleaving 
PARP, and enhancing NIH3TC cell survival via 
activating PI3K and Akt-pathways [37]. Glycoprotein 
progranuline (PGRN) induces invasion potential in 
breast cancer cell lines upon LPA stimulation [38]. LPA 
signalling is not only restricted to proliferation and 
migration in cancer cells; it is also involved in paracrine 
actions such as tissue remodeling, angiogenesis, 
inflammation and tumor progression [39]. Despite the 
catalytic activity, ENPP2 also performs non-catalytic 
function inside the cellular periphery; as non-cell 
autonomous regulator of neuronal cells and affecting 
the localization and adhesion of neuronal progenitors in 
a cell-autonomous and non-cell-autonomous manner, 
independent of its catalytic activity [40]. 
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Regulation of ENPP2 by Key Transcription Factors 
 Various transcription factors (TFs) can up-
regulate/down-regulate the expression of ENPP2 
(Table 1), e.g., Homeobox (Hoxa13) protein, nuclear 
factor of activated-T cells-1 (NFAT-1) and v-Jun [7].  
ENPP2 promoter has four SP1 sites as well as a 

binding site for the NFAT and nuclear factor kappa B 
(NF-κB), but no TATA or CAAT boxes [8]. c-Jun 
enhances the cellular invasion by increasing the 
expression of ENPP2 [41]. It has been found that 
proinflammatory cytokine, tumor necrosis factor alpha 
(TNF-α) promotes ENPP2 expression via NF-κB-
mediated expression [42]. The integrin α6β4 found to 

 
Fig. (3). Signalling mechanism of ENPP2/LPA axis: ENPP2 hydrolyzes the membrane LPC into LPA and choline. LPA induces 
multifaceted activity via various signalling messengers such as Rac, Rho, Ras, PI3K, and PLC via six G-protein coupled LPA 
receptors (LPAR1-LPAR6) and modulates the expression of various genes involves in the various physiological cellular 
processes. 
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activate the TF NFAT-1, resulting in overexpression of 
ENPP2 [43]. Fibroblast growth factor (FGF) and 
epidermal growth factor (EGF) also found to induce 
ENPP2 expression, whereas cytokine interleukin-1 (IL-
1), IL-4 and interferon gamma (IFN-γ) were found to 
decrease the expression of ENPP2 mRNA in cultured 
fibroblast-like synoviocytes, SFC [42]. In addition, it has 
been found that constitutive ENPP2 expression in 
neuroblastoma cells (SH-SY5Y and SK-NBE) is 
mediated by TFs like AP-1 and SP through CRE/AP-1-
like element [44]. Vascular endothelial factor (VEGF-A) 
was found to increase the expression of ENPP2, and 
further modulate the level of LPA that acts via the 
GPCR LPA4 resulting in change in VEGF 
responsiveness via VEGF receptor 2, finally affecting 
tumor progression of ovarian cancer cells SKOV3 [45]. 
ENPP2 and LPA also regulate the migration and 
homing of CD+ T cells [46]. In addition, glucose 
treatment (0.02 M) of prostate cancer cells enhanced 
the mRNA levels of ENPP2 [47]. ENPP2/LPA also 
found to induce the expression of osteopontin (OPN), 
which is further regulated by the PI3K and Akt in 
hepatic cancer SMMC7721 cell line [48]. ENPP2 was 
found to promote the secretion of matrix 
metalloproteinase-3 (MMP3) via mitogen-activated 
protein kinases involving c-Jun and JNK in human 
fibrosarcoma cell line HT-1080 [49]. In primary breast 
cancer samples, a positive correlation has been 
observed between ENPP2 and STAT3, associated with 
cellular migration, and further suggests that inhibition of 
STAT3 leads to decrease the level of ENPP2 [50]. 

ENPP2 IN HUMAN HEALTH 
Role in Embryonic Development 
 Studies in mice and zebrafish uncovered the role of 
ENPP2 in embryonic development involving vascular 

and neural development. Disruption of the ENPP2 
gene causes vascular defects in the extraembryonic 
yolk sac and embryo. These defects result in the intra-
uterine death as studied in mice model [51]. ENPP2 
deficiency results in the formation of a head cavity in 
the mouse embryo [52]. ENPP2 is the primary LPA 
producing enzyme in vivo and is also known to be 
involved in vascular development. ENPP2 deficient 
mice die at the embryonic day 9.5 with profound 
vascular defects [9]. ENPP2 also function as a 
matricellular protein and is reported to be involved in 
the modulation of oligodendrocyte extracellular 
interaction and modulation of oligodendrocytes, 
independent of its catalytic activity, and further this 
activity of ENPP2 is mediated by the novel functional 
active MORFO domain [53]. During embryonic 
development, the ENPP2 expression has been found in 
the proliferating sub-ventricular and choroid plexus and 
after birth, ENPP2 is mainly found in white matter areas 
in the central nervous system (CNS). In the adult brain, 
ENPP2 is solely expressed in leptomeningeal cells and 
also in oligodendrocyte precursor cells. Following 
neurotrauma, ENPP2 is found to be strongly up-
regulated in reactive astrocytes adjacent to the lesion 
[54]. ENPP2 is predominantly present in luteal 
steroidogenic cells of the corpora luteal follicle of rat 
ovary [55]. ENPP2 knockdown mice fail to develop the 
mature blood vessels and resulting in lethality within 
10.5 days [56]. ENPP2 inactivation in the early stage of 
development is also found to cause lethality [57]. 

Role in Cancer Development 
 ENPP2 has LysoPLD activity that is primarily 
involved in the production of bioactive molecule LPA, 
which is participating in the plethora of physiological 
and pathophysiological activities through G-protein 
coupled LPA receptors. LPA signalling plays a crucial 

Table 1. Various interacting partners of ENNP2. 
 

Sr. No. Interacting Partners Mechanism/Process Involved References 

1 Cdc42 Cellular Motility  [35] 

2 Rac1 Cellular Motility [27, 35, 107] 

3 NF-κB Promoter binder [8] 

4 RAGE Signal transduction, Proliferation and Migration [36] 

5 Hoxa13 Transcriptional regulator [7] 

6 NFAT-1 Transcriptional regulator [7] 

7 v-jun Transcriptional regulator [7] 

8 TNF-α Upregulation [42] 

9 FGF & EGF Upregulation [42] 

10 AP-1 & SP Upregulation [44] 

11 VEGF-A Upregulation [45] 

12 STAT3 Upregulation [50] 

13 IL-1β & IL-4 Downregulation [27, 42] 

14 IFNγ Downregulation [108] 
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role in breast cancer and cancer related inflammation 
[1]. Elevated expression of ENPP2 and aberrant 
activities of LPA are found in several human 
malignancies in which LPA acts as mitogen and motility 
factor for several cell types [58]. The ENPP2 
overexpression has been observed in non-small lung 
cancer [59] and in hepatocellular carcinoma [60]. 
ENPP2 also interacts with hormones, oncogenes, and 
suppressor genes which are deregulated in exocrine 
pancreatic cancer and inducing exocrine pancreatic 
cancer [61]. Molecular studies confirmed that ENPP2 
mRNA expression is higher in breast cancer cell lines, 
such as MDA-MB-435s, MDA-MD-235, MCF7, and 
HBL-100 as compared to the normal cells contributing 
to the invasiveness of breast cancer [62]. ENPP2’s 
lysoPLD activity produces LPA, which enhances the 
cellular motility and invasiveness in tumor cells [63]. 
Overexpressed ENPP2 was also found to be 
responsible for enhancing cellular proliferation and 
migration in thyroid carcinoma cells [64]. Higher serum 
lysoPLD activity was also observed in the pregnant 
women during the third trimester [65]. The ENPP2 
stimulation causes angiogenesis in ENPP2 mRNA 
transfected NIH3T3 cells [66]. ENPP2 enhances 
cellular motility in a Cdc42/Rac1 dependent pathway in 
which Rac1 and PAK are downstream activators of cell 
motility that is induced by ENPP2 via PI3Kγ signalling 
pathway. ENPP2 increases the level of Cdc42-GTP, 
Rac1-GTP and activate PI3K, Rac1 and Cdc42 further 
phosphorylates the FAK, a non-receptor protein kinase, 
which plays a critical role in controlling cell migration. 
However, the necessity of FAK phosphorylation in the 
motility of tumor cells upon ENPP2 involvement and 
the exact mechanism of phosphorylation of FAK is not 
evident [35]. It has been analyzed that LPA activated 
p21-activated kinase 1 (PAK1) via Rac1 and Cdc42 
plays a significant role in phosphorylating FAK by LPA 
as studied in A2058 human melanoma cells and 
induces cellular motility [67]. A study in rat intestinal 
epithelial IEC-18 cells found that Ser910 is the prominent 
site of phosphorylation upon LPA induction [68]. LPA 
stimulated FAK autophosphorylation attributes for cell 
migration via G12/13-RhoA-ROCK signalling pathway 
[69]. However, there is a contradiction of ROCK 
involvement in LPA induced cell migration, as another 
study reported that ROCK is not involved in the LPA 
induced activation of PAK1 [67]. 
 ENPP2 stimulated LPA signalling was also found to 
be facilitating the cell motility via LPA receptor, LPA1 
[70]. ENPP2 hydrolyzes the phosphospingolipids,  
producing biologically active S1P that inhibits ENPP2 
and LPA mediated cell migration as studied in A2088 
and NIH3T3 cells. Sphingosylphosphorylcholine (SPC) 
also inhibits the ENPP2 induced migration, but not of 
LPA-mediated. However, SPC inhibits LPA induced 
migration in the presence of ENPP2. Both S1P and 
ENPP2+SPC enhances the accumulation of Rho-GTP, 
which is a cytoskeleton regulator [71]. In addition, 
ENPP2 also plays an important role in tumorigenesis 
via activation of v-Jun as studied in vivo in chick 
embryo fibroblasts [72]. Furthermore, LPA was also 
found to regulate the migration behavior of gastric 

cancer cells in a receptor-specific manner [73]. 
Overexpressed ENPP2 in glioblastoma contributed for 
the cell motility via LPA1 and LPA receptor signalling 
cascade [74], and in addition, LPA was also found to 
induce progression of bone metastasis [75]. 

Role in Neurological Disorders 
 Both ENPP2 and LPA play an important role in the 
development of the nervous system [28]. Mice with 
ENPP2 (-/-) embryo showed neural defects [51]. ENPP2 
promotes the formation and expansion of oligodendro-
glial network and play a key role in focal adhesion 
organization via its MORFO domain [24]. TFs AP-1 and 
SP are involved in the regulation of constitutive 
expression of ENPP2 in N-myc amplified SK-N-BE and 
non-N-myc amplified SH-SY5Y neuroblastoma cells 
[44]. Neuroblastoma cell lines having N-myc locus 
amplification are prone to higher expression of ENPP2 
and upon retinoic acid induced differentiation. 
However, N-myc is not essential for the ENPP2 
expression [76]. In primary cultures, LPA induced 
morphological changes in neuroblastoma morphology 
is mediated by small GTPase, Rho [77]. LPA induces 
Gα12/13 to activate RhoA to induce growth cone 
collapse and neurite retraction in neuronal cells [78]. 
LPA signalling involves in the left-right symmetry in the 
zebrafish embryo through LPA-3 receptor involving Wnt 
signalling pathway [79]. LPA expression is also found 
to be increased in multiple sclerosis (MS) patients [80] 
and higher activity of ENPP2 is also observed in 
cerebrospinal fluid (CSF) of MS patients [81]. 
Expression and activity of ENPP2 in the frontal cortices 
of Alzheimer’s type dementia (ATD) indicate ENPP2’s 
role in the pathology of AD [82]. ENPP2 was found to 
be inducing neuropathic pain via LPA and LPA1 
receptors [83, 84] and responsible in demyelination in 
neurons [83]. ENPP2 is also reported to possess 
counter adhesive property towards the oligodendroglial 
cells and reported to be involved in the myelination 
such as oligodendrocyte remodeling via modulation of 
oligodendrocyte-ECM interactions in matricellular 
fashion [85]. During nerve injury-induced neuropathic 
pain, ENPP2 mediated levels of LPA production was 
found to be increased in the ipsilateral sides of the 
spinal dorsal horn and dorsal roots, but not in the 
dorsal root ganglion, spinal nerve, or sciatic nerve [86]. 
However, the demyelination of dorsal root fibers is 
found to be associated with neuropathic pain [87]. 

Role in Other Human Diseases 
 ENPP2 concentration reported to be higher in 
women than men. In chronic liver disease patients, 
ENPP2 levels were found to be increased, whereas it 
was found to be decreased in postoperative prostate 
cancer patients, but not altered in nephrosis patients 
[88]. A cohort study conducted on 270 patients 
indicated that serum ENPP2 levels serve as an 
indicator of the severity of liver disease and prognosis 
of cirrhosis patients [89]. Serum ENPP2 activity was 
also found to be increased in patients of cholestatic 
and specific for pruritus of cholestatic [90]. ENPP2 also 



Understanding the Multifaceted Role of ENPP2 Current Molecular Medicine,  2015, Vol. 15, No. 10    7 

acts as a novel player in the idiopathic pulmonary 
fibrosis, and its genetic deletion from bronchial 
epithelial cells or macrophages was found to attenuate 
the disease severity [91]. In addition, increased LPA 
concentrations have been reported in the alveolar 
space of both idiopathic pulmonary fibrosis patients 
[91]. It was also reported that LPA induces the motility 
of high endothelial venule (HEV) and endothelial cells, 
and promotes the interaction of LPA-HEV and 
lymphocyte transmigration across the basal lamina of 
HEVs in steady state [92]. Patients with mild asthma 
showed an increase in ENPP2 protein in 
bronchoalveolar lavage fluid and indicating the role of 
the ENPP2 in allergic lung inflammation [93]. 
Lipopolysaccharide (LPS), a cell wall component of 
gram–ve bacteria was found to induce ENPP2 and LPA 
expression in BV-2 microglial cells [94]. Elevated 
expression of ENPP2 has been observed in 
rheumatoid arthritis. ENPP2’s mRNA was found to be 
downregulated by cytokines IL-1β and IL-4, leading to 
the reduction of 5’-nucleotide phosphodiesterase 
activity in cell lysates of cultured fibroblast-like 
synoviocytes (SFC) of patients with rheumatoid arthritis 
[95]. The metabolically stabilized analog of LPA,1-
bromo-3(S)-hydroxy-4-(palmitoyloxy)butyl-phosphonate 
(BrP-LPA), a dual function inhibitor of ENPP2 and pan-
antagonist of LPA receptor was found to attenuate the 
collagen-induced arthritis development [96]. 
 Overproduction of growth factors, overexpression of 
genes and hyperactivity of their products lead to some 
abnormalities and chronic diseases, which eventually 
lead to health related problems and sometimes 
decrease the survival life of the organism. ENPP2 
expression and activity is also found in a hyper 
condition in various chronic diseases. Since the 
ENPP2/LPA axis is involved in tumor progression, 
angiogenesis, neurological diseases, and other chronic 
diseases, because of these ENPP2 has been 
considered as a potential therapeutic target for the 
treatment of different human diseases. Potent and 
selective ENPP2 inhibitors would also be useful as 
research tools for investigating the functions of ENPP2 
and LPA. These findings summarized as above 
advocate for a need to decrease the level of 
hyperactive ENPP2 using chemical or phytochemical 
substances/compounds which can be utilized for 
therapeutic potential. 

PHYTOCHEMICAL AND CHEMICAL ENPP2 
INHIBITORS 
 Consistently epidemiological studies are exploring 
the importance of bioactive non-nutrient plant 
chemicals (phytochemicals) that are present in fruits, 
vegetables, and other plant materials in reducing the 
risk of developing various human chronic diseases 
such as cancer and cardiovascular diseases [97]. 
Curcumin is an essential ingredient of Indian diet and 
known to inhibit the integrin α6β4 [98] and tumor 
suppressor CST6, resulting in decreased transcription 
level of ENPP2 [1]. Silibinin is a natural flavonoid, 
which is produced from the milk thistle herb. Silibinin 

has anti-angiogenic effect [99], and inhibits the Wnt/β-
catenin via suppressing the LRP6 receptor, a Wnt 
pathway’s co-receptor in prostate and breast cancer 
cells [100], and decreases the nuclear localization of 
NFATc1, which is a transcriptional factor of ENPP2 and 
increases the expression of ENPP2 [101]. Silibinin was 
also reported for its role in inhibiting angiogenesis [102] 
and inducible nitric oxide synthase, iNOS [103]. The 
possible mechanism attributed to this being up-
regulation of the p53 level and its downstream product 
GADD 45α indicating its role in DNA repair [104]. 
Another phytochemical L-histidine has been reported to 
inhibit the cellular migration induced by ENPP2, but not 
of LPA in A2058 and SKOV-3 tumor cells [105]. 
 In addition to phytochemicals as described above 
various chemical inhibitors for ENPP2 have been 
developed and studied so far in both in vitro and in vivo 
studies such as lipid-based (Fig. 4), cPA-based (Fig. 
5), Tyrosine-based; small molecule inhibitors (Fig. 6) 
[27]. A recent study with a new inhibitor of ENPP2, 
ONO-8430506 has been reported to be effective in 
decreasing plasma ENPP2 activity and thus delaying 
breast tumor growth and lung metastasis in mice [106]. 
However, more studies are required aiming for the 
protection against the hyperactive and aggressive 
behavior and activity of ENPP2 in cancer cells. 

SUMMARY AND FUTURE PERSPECTIVE 
 ENPP2 plays a vital role in various cellular and 
physiological processes and is crucial for the 
embryonic development, and ENPP2 gene deletion 
also leads to early embryonic lethality. ENPP2 
contributes to the vascular development by inducing 
endothelial migration and invasion. All ENPP2 induced 
processes are centered around its hydrolytic bioactive 
signalling product LPA, which is produced by the 
LysoPLD activity of ENPP2 on the membrane 
phospholipid, LPC. LPA diversifies the ENPP2 action 
via six LPA receptors that are coupled to G-protein. 
ENPP2 also produces CPA, which has an antagonistic 
role to LPA. The altered expression and activity of 
ENPP2 leads to various human diseases such as 
inflammation, cancer, fibrosis, rheumatoid arthritis and 
neuronal defects. Initially, it was discovered as an 
autocrine factor and identified to play a major role in  
the cellular migration, proliferation, survival and 
angiogenesis. ENPP2 induces metastasis in tumor cell 
mass via its invasion potential and causes spreading of 
tumor cells and angiogenesis in tumor cell mass. 
Structurally, ENPP2 is composed of the somatomedin 
domain, phosphodiesterase domain and nuclease like 
domain that are associated with its diverse cellular 
functions associated with LysoPLD activity and 
involved in LPA signalling and role in cellular 
remolding. 
 Since its discovery, the functional role of ENPP2 in 
different homeostatic and pathophysiological 
conditions, associated with human health has been 
reported, and its crystal structure is also determined. 
However, many queries remain to be addressed in its 
functional network with other accessory interacting 
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protein partners, which might be involved in the 
functional diversification of this protein and the site for 
therapeutic intervention for various pathophysiological 
conditions. 

 In this review, we have discussed recent advances 
in understanding the structure of ENPP2 and its role in 
various human diseases. Recent studies have explored 
the role of ENPP2’s bioactive product LPA in 
physiological and pathological conditions. ENPP2 is 

 
Fig. (4). Lipid based ENPP2 inhibitors. 

 
Fig. (5). cPA-based ENPP2 inhibitors. 
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emerging as an important potential therapeutic target. 
Protein-protein interaction network of ENPP2 is not 
fully explored yet during physiological and pathological 
conditions. There is also a need for the development of 
specific pharmacological compounds that will inhibit 
ENPP2’s altered expression and activity in various 
diseases. The development of pharmacological 
compounds will not only help to understand the role of 
ENPP2 but also lead to the novel treatment of various 
human diseases. 

ABBREVIATIONS 
ATX = Autotaxin 
CPA = Cyclic Phosphatidic Acid 
EGF = Epidermal growth factor 
 
ENPP2 = Ectonucleotide pyrophosphatase/  
   phosphodiesterase 2 
FGF = Fibroblast growth factor 
GPCR = G-protein coupled receptors 
Hoxa13 = Homeobox protein 
IFNγ = Interferon-gamma 
LysoPLD = Lysophospholipase D 
MORFO = Modulator of oligodendrocyte remodeling  
   and focal adhesion organization 
NF-κB = Nuclear factor kappa B 
NFAT-1 = Nuclear factor of activated-T cells-1 
NPP2 = Nucleotide pyrophosphatase 2 

PD1α. = Phosphodiesterase-1 alpha 
Rac 1 = Ras-related C3 botulinum toxin substrate 1 
RAGE = Receptor for advanced glycation end  
   products 
SMB = Somatomedin B 
STAT3 = Signal transducer and activator of  
   transcription 3 
TNF-α = Tumor necrosis factor 
VEGF = Vascular endothelial growth factor 
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