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Autotaxin (ATX) is lysophospholipase D, which con-
verts lysophospholipids such as lysophosphatidylcholine
(LPC) to lysophosphatidic acid (LPA), a bioactive lipid
mediator with multiple biological roles. ATX is present
in high concentrations in various biological fluids and is
responsible for LPA production in these fluids. The
plasma ATX level is altered in some patho-
physiological conditions. Three splicing isoforms of
ATX have been reported so far (ATXa, b and c). In
this study, we identified and characterized ATXd, a
novel alternative splice variant of ATX, which has a
four-amino acid deletion in the L2 linker region of
ATXb. ATXd was found to be the second major iso-
form following ATXb and fully active. ATXb and
ATXd showed similar divalent cation sensitivity and
cell motility-stimulating activity. ATXb and ATXd
are present in wide range of organism from fish to
mammals. Among them, only ATXd was found in
Gallus gallus and Xenopus laevis, suggesting the indis-
pensable role of the isoform. ATXd was expressed in
various human tissues with different expression patterns
from that of ATXb. These results show that ATXd is a
second major ATX isoform sharing similar biochemical
characters with the major isoform, ATXb, and is a
potential biomarker.
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Autotaxin (ATX, also known as NPP2 or ENPP2) is a
secreted glycoprotein with a molecular weight of
�100 kDa. ATX was originally identified as a cancer
cell motility-stimulating factor in conditioned media of
a human melanoma cell line (1). ATX is now recog-
nized as a major enzyme that produces lysophosphati-
dic acid (LPA). LPA is a lipid mediator that induces
many kinds of cellular responses including cellular pro-
liferation, prevention of apoptosis, cell migration,
cytokine and chemokine secretion, platelet aggrega-
tion, smooth muscle contraction, transformation of
smooth muscle cells and neurite retraction (2, 3). Six
G-protein-coupled receptors (GPCRs) specific to LPA
have been identified and named LPA1�6. It is likely
that most of the LPA actions are mediated by these
GPCRs. It has been shown that LPA has a variety of
roles in both physiological and pathological conditions
including brain development (4, 5), embryo implant-
ation (6, 7), development of cancer (3), development of
fibrosis (8, 9) and lymphocyte trafficking (10). Because
ATX knockout mice are embryonically lethal due to
an abnormality of blood vessels (11, 12), LPA is
believed to have a critical role in embryonic vascular
formation.

LPA is produced by either deacylation of phospha-
tidic acid (PA) mediated by phospholipase A1/A2 or
polar head removal reaction of LPLs mediated by
phospholipase D (13, 14). The latter pathway is the
major pathway, which mainly occurs in biological
fluids such as plasma (15). There is accumulating evi-
dence that ATX produces LPA by its lysophospholi-
pase D (lysoPLD) activity (11, 12, 16, 17). Indeed, the
LPA level in human serum samples strongly correlates
with the ATX level, and LPA production is completely
absent in ATX-depleted serum (11, 17). The ATX level
in plasma or serum is altered in some pathophysio-
logical conditions such as chronic liver diseases (16),
obesity (18), cancer (19, 20) and pregnancy (21). Thus,
ATX may be a potential diagnostic marker of these
diseases.

So far, three alternative splicing ATX isoforms have
been identified: ATXa (ATXm), ATXb (ATXt) and
ATXg (PD-Ia) that are produced by alternative spli-
cing (22). The major isoform, ATXb, does not have
exons 12 and 21. ATXa was isolated from the condi-
tioned media of a human melanoma cell line and has
exon 12. ATXg, which has exon 21, was identified in
rat brain. All ATX isoforms have been shown to be
enzymatically active. During the cloning of human
ATXb, we found that there is another ATX isoform,
designated ATXd that lacks four amino acids in the L2
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linker region. In this article, we describe biochemical
characteristics of a novel ATX isoform, ATXd and
compared it with other ATX isoforms.

Materials and Methods

Cloning of human ATX isoforms
Total RNAs from human tissues (kidney, brain and skeletal muscle)
and human cancer cell lines (A2058 and SNB-78) were
reverse-transcribed using oligo (dT) primers and SuperScript III
(Invitrogen). cDNAs for ATXa, ATXb, ATXg, ATXd and ATXe
were amplified by nested PCR. Nested first PCR was performed
using the cDNA prepared above as a template and two primers:
50-GAACACGCTGCAAAAGGCTTTCC-30 and 50-CCAGTTGA
TAAGACTGTACTGCAG-30. Nested second PCR was performed
using first PCR products as templates and two primers: 50-ATTTAA
ATCCACCATGGCAAGGAGGAGCTCGTTCC-30 and 50-GCG
GTACCTTAAATCTCGCTCTCATATGTATGC-30. The ampli-
fied cDNA was sub-cloned into SwaI/KpnI sites of pCALNL5
vector. Identification of cloned cDNA was performed by DNA
sequencing by dideoxy method.

Recombinant ATX
HEK293 cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM, SIGMA) supplemented with 10% fetal calf serum (FCS),
antibiotics and L-glutamine. DNA transfection was performed using
Lipofectamine 2000 Reagent (Invitrogen) according to the manufac-
ture’s protocol in serum-free OPTI-MEM medium. Forty-eight hour
after transfection, culture supernatant was collected and used as an
enzyme source.

Western blotting
Western blotting was performed as reported previously (23) after
protein separation with 7.5% gel. Protein samples separated by
sodium dodecyl sulfate�polyacrylamide gel electroporesis
(SDS�PAGE) were transferred to nitrocellulose membranes.
Anti-ATX monoclonal antibody 3D1 (1 : 200) was used as primary
antibody and horseradish peroxidase-conjugated anti-rat immuno-
globulin (1 : 2000) as a second antibody (American Qualex).

LysoPLD assay
LysoPLD activity of ATX was determined by measuring choline
liberated from lysophosphatidylcholine (LPC, 2mM) (24). Briefly,
recombinant ATX was mixed with LPC (with 12 : 0, 14 : 0, 16 : 0,
18 : 0, 18 : 1, 18 : 2, 20 : 0), lyso platelet activating factor (lysoPAF),
sphingocylphosphorylcholine (SPC) or egg phosphatidylcholine
(PC) in assay buffer (100mM Tris�HCl, 5mM MgCl2, 500mM
NaCl, 0.05% Triton X-100, pH 9.0) and incubated for 3 h at 37�C.
Liberated choline was quantified using choline oxidase (24). The
activity was indicated by the generation rate of choline per unit
time and protein mass (pmol/ng/h).

Examination of ATX thermal stability
To determine thermal stability of human ATX, recombinant ATX
were incubated at different temperatures from 40 to 70�C for 10min.
Then the remaining lysoPLD activity was measured using 14 : 0 LPC
as a substrate.

Para-nitrophenyl thymidine 50-monophosphate cleavage assay
To measure phosphodiesterase (PDE) activity towards nucleotide
substrate [para-nitrophenyl thymidine 50-monophosphate
(pNP-TMP)] (25), recombinant ATX was mixed with pNP-TMP
(4mM) in assay buffer and incubated for 1 h at 37�C. Amount of
p-nitrophenol liberated was determined by measuring optical density
at 405 nm. To examine the effect of metal ions on PDE activity,
recombinant ATX was pre-incubated with EDTA or EGTA for
30min at 37�C in Mg (�) assay buffer, and the PDE activity was
measured using pNP-TMP (4mM) in the presence or absence of
various metal ions (5 and 10mM).

Cell migration assay
Evaluation of cell migration was performed as described previously
(26). We used a 96-well Boyden Chamber (Neuro Probe) and poly-
vinylpyrrolidone free polycarbonate filter 8 mm pore (Neuro Probe)
coated with fibronectin (SIGMA, Lot # 038K7555) for cell

migration assay. PC-3 human prostate cancer cell was cultured in
RPMI (SIGMA) supplemented with 5% FCS, antibiotics and L-glu-
tamine. PC-3 cells (3�105 cells/well) and purified ATX were added
to upper and lower chambers, respectively and cells were allowed to
migrate for 3 h at 37�C in CO2 incubator. After 3 h, cells on the filter
were fixed by methanol and stained by Diff Quick staining. After
removal of cells that did not move across the filter, cell migration
was quantified by measuring optical density at 594 nm using VERSA
Max microplate reader.

RT-PCR
Total RNAs from various human tissues (Ambion, Clontech, cell
application) were reverse-transcribed using random primers (High
Capacity cDNA Reverse Transcription Kit ABI). The PCR reaction
was performed using obtained cDNAs and a set of PCR primers as
follows: forward: GCCAGAGGAAGTTACCAGACC, reverse: TT
GTATGAAGCCGTTTGTTGAG. The expected PCR products
were 133 bp for ATXa, ATXb and ATXg and 121 bp for ATXd
and ATXe. These PCR products were separated by the NuSieve
3 : 1 Agarose (Lonza).

Results

Identification and cloning of human ATXd

During the preparation of ATXb cDNA by RT-PCR,
we found a novel ATX isoform with a 12-bp deletion,
which corresponded to a deletion of four amino acids
located in the L2 linker region (Fig. 1). We also found
several EST clones with the same deletion. We, thus,
named the novel ATX isoform, ATXd according to the
names of previously identified isoforms. Other than the
12-bp deletion, the signal sequence, two somatomedin
B-like domains, the catalytic domain and the
nuclease-like domain were identical to ATXb, indicat-
ing that ATXd is catalytically active. Sequencing of 27
sub-cloned RT-PCR products from various human tis-
sues including skeletal muscle, brain and kidney indi-
cated that 22% of clones [six clones out of the 27
clones (6/27)] were ATXd. Of note, 67% (18/27),
11% (3/27) and no (0/27) clones were found to be
ATXb, ATXg and ATXa, respectively. These data in-
dicate that ATXd is the second most common isoform
of ATX. Searching of EST database on three

Fig. 1 Protein structure scheme of the different domains of ATX.

Protein structure scheme of the domains of ATX. In ATXa, ATXb,
ATXd and ATXe, exon 20 is spliced directly to exon 22, whereas in
ATXb, ATXg and ATXd exon 11 is spliced directly to exon 13. Exon
12 encodes 52 amino acids and exon 21 encodes 25 amino acids.
Novel isoforms ATXd and ATXe have four-amino acid deletions on
the L2 linker (a 12-bp deletion on exon 19).
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mammalian species including Homo sapiens,
Mus musculus and Rattus norvegicus supported the
idea (Tables I and II).

Alternative splicing of ATXd

We analysed the gene structure and nucleotide se-
quences around the deletion site and found that
ATXd arises from alternative splicing. The deleted se-
quence, gtagagccaaag in human ATXb, encodes the
four amino acids VEPK and is located at the 30-end
of the exon 19 missing in ATXd (Fig. 2a). Two separ-
ate consensus sequences for RNA splicing (AGgta)
(Fig. 2b) were found at this exon�intron boundary
(27). It is likely that mRNA for ATXd is produced
when the first consensus site is used, and mRNA for
ATXb (or ATXa or ATXg) is produced when the
second is used (Fig. 2b). Thus, we concluded that
ATXb and ATXd arise from alternative usage of the
50-splicing donor sites. To see whether ATXd is also
present in other species from mammals to
non-mammals, we further searched the EST database
for ATXd. We confirmed that mRNA for ATXd was
found in the database from various species including
H. sapiens, M. musculus, R. norvegicus, Gallus gallus,
Xenopus laevis and Danio rerio. Interestingly, we could
not find any ATXd clones in Bos taurus (Table II). In
addition, in G. gallus and X. laevis, all the EST clones
had the four-amino acid deletion (Table II), showing
that the two species had no ATXb. Alignment of the
nucleotide sequence of the human, mouse, rat, chicken,
Xenopus, zebrafish and bovine ATX genes around the
splicing site showed that bovine ATX gene has no
50-splicing donor sites for ATXd (Fig. 2c), and both
chicken and Xenopus ATX genes have no 50-splicing
donor sites for ATXb. The finding that some species
such as bovine (ATXb), chicken (ATXd) and Xenopus
(ATXd) have only one of the two ATX isoforms shows
that both ATX isoforms are functionally important.

In the EST database, the isoform with the 52-amino
acid insertion (exon 12) was found at a low level in
human and was not detected in other species (Table
II). In contrast, isoforms with the 25-amino acid inser-
tion were common, especially, in B. taurus and X.
laevis where they accounted for most of the ESTs.
This suggests that ATXg is a major isoforms in these
two species.

Expression of five isoforms of ATX
We cloned ATXa and ATXg from total RNA of
A2058 and SNB-78, respectively. During the cloning
of cDNA for ATXa, we found another novel isoform,
designated ATXe that has both the 52-amino acid in-
sertion in exon 12 and the four-amino acid deletion in
exon 19 (Fig. 1). The five human isoforms (ATXa,
ATXb, ATXg, ATXd and ATXe) were transiently ex-
pressed in HEK293 cells. In the culture media, ATXb
and ATXd were equally abundant, while ATXg was
slightly less abundant, and ATXa and ATXe were
barely detectable (Fig. 3a). The PDE activities
(Fig. 3b) and lysoPLD activities (Fig. 3c) of the five
isoforms paralleled their abundance. In addition to
their low abundances, ATXa and ATXe had signifi-
cantly lower thermal stabilities than the other isoforms
(Fig. 3d), so they will not be able to exist stably in vivo.
In addition, ATXa, ATXg and ATXe were found to be
minor ATX isoforms in the EST database (Table II).
Indeed, as mentioned above, we detected only 0, 3 and
0 clones for human ATXa, ATXg and ATXe from
human tissue derived total RNAs, respectively. These
data showed that ATXb and ATXd are the major and
stable isoforms, thus we gave focus on these two
isoforms.

Catalytic activity of ATXd

To characterize ATXd catalytic activity, recombinant
ATXd was tested for its lysoPLD and PDE activities

Table II. Number of EST clones with a four-amino acid deletion (exon 19), a 52-amino acid insertion (exon 12) or a 25-amino acid insertion

(exon 21) in different species.

Exon

Species

H. sapiens M. musculus R. norvegicus B. taurus G. gallus X. laevis D. rerio

Exon 19 17/48 5/21 5/20 0/25 11/11 15/15 2/4
(�4 amino acid) (35.4%) (23.8%) (25.0%) (0%) (100.0%) (100.0%) (50.0%)
Exon 12 3/31 0/11 0/12 0/27 0/6 0/9 0/5
(þ52 amino acid) (9.7%) (0%) (0%) (0%) (0%) (0%) (0%)
Exon 21 8/55 1/14 2/25 17/22 0/13 14/17 0/1
(þ25 amino acid) (9.1%) (7.1%) (8.0%) (77.3%) (0%) (82.4%) (0%)

Table I. Characteristics of three slicing sites of ATX.

Four-amino acid deletion Fifty two-amino acid insertion Twenty five-amino acid insertion

Location L2 linker region Catalytic domain Nuclease domain
Exon 19 Exon 12 Exon 21

Possible isoform ATXd, e ATXa, e ATXg
Occurrence 17/48 (35.4%) 3/31 (9.7%) 8/55 (14.5%)
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using LPC and pNP-TMP as substrates, respectively.
Both PDE and lysoPLD activities of ATXd were com-
parable to those of ATXb (Fig. 4a and b), showing
that ATXd is fully active. We also examined the sub-
strate specificity of the two isoforms using LPC with
various acyl groups, lysoPAF, SPC and PC. Both
ATXb and ATXd hydrolysed various LPC
species, lysoPAF and SPC, but neither hydrolysed
PC (Fig. 4b). 14 : 0-LPC was the preferred
substrate of ATXd. The rank order was 14 : 04
12 : 0416 : 0418 : 2418 : 1418 : 0420 : 0. There were
no major differences in the substrate specificity of the
two isoforms. Furthermore, the two isoforms showed
almost equivalent cell motility-stimulating activity
toward PC-3 cancer cells (Fig. 4c).

Effect of divalent cations on PDE activity of ATXd

The activity of ATX is significantly modified by the
presence of divalent cations such as Mn2þ and Co2þ

(28). In addition, an analysis of the crystal structure of
ATX revealed that ATX has two Zn2þ ions in the
vicinity of active site (29, 30). One Zn2þ atom distal
to the catalytic Thr209 coordinates one oxygen atom of
the phosphate group and is critical for the activities of
ATX. We, therefore, examined the role of the divalent
cations on catalytic activity by incubating ATX with
EDTA or EGTA. Each of the chelating agents abol-
ished the PDE activity of both ATX isoforms in a
concentration-dependent manner (Fig. 5a and b).
There was no major difference in the sensitivity to
these chelating agents between the two isoforms.

(a)

(b)

(c)

(d)

Fig. 2 Alternative splicing of ATX and a novel isoform ATXd. (a) Amino acid sequences of ATX around the splicing site. The amino acid numbers
corresponding to human ATXd and ATXb are shown respectively. (b) Model for alternative splicing of ATX. Two consensus 50-splicing donor
sites are located around the boundary region between exon 19 and intron 19. The two 50-splicing donor sites are underlined. Consensus sequences
for RNA splicing are shown in the lower panel. mRNAs for other isoforms of ATX (ATXa, ATXb and ATXg) are produced when the second
50-splicing donor site is used; mRNAs for ATXd and ATXe are produced when the first 50-site is used. Upper and lower case letters indicate exons
and introns, respectively. The numbers indicate nucleotide numbers corresponding to human ATXb and ATXd. (c) Nucleotide sequences of the
human, mouse, rat, zebrafish, bovine, chicken and Xenopus ATX genes around the splicing site. Upper and lower case letters indicate exons and
introns, respectively. The twelve bases (shown in italics) were found at the 50-end of the exon�intron boundary. (d) Location of four-amino acid
deletion in three-dimensional structure of mouse ATXd. Structural figures were prepared using PyMol (DeLano Scientific).
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(a)

(c)

(b)

Fig. 4 Catalytic activities of ATX isoforms. (a) PDE activity of human ATXb (closed bars) and ATXd (open bars) using pNP-TMP as a
substrate. (b) LysoPLD activity of human ATXb (closed bars) and ATXd (open bars) on LPC with various fatty acid chains (12:0, 14:0, 16:0,
18:0, 18:1, 18:2, 20:0), lysoPAF, SPC and eggPC. (c) Cell motility-stimulating activity of human ATXb (closed circles) and ATXd (open circles)
toward PC3 prostate cancer cells in a Boyden chamber assay. All error bars represent SD (n¼ 3).

(a) (b)

(c) (d)

Fig. 3 Expression of five isoforms of ATX. (a) Five isoforms of ATX secreted by HEK293 cells were visualized by immunoblotting with
anti-autotaxin monoclonal antibody 3D1. (b) PDE activity of human ATXa, ATXb, ATXg, ATXd and ATXe using pNP-TMP as a substrate.
(c) LysoPLD activity of human ATXa, ATXb, ATXg, ATXd and ATXe using myristoyl lysophosphatidylcholine (14 : 0 LPC) as a substrate.
(d) Thermal stability of human ATXa (closed squares), ATXb (closed circles), ATXg (closed triangles), ATXd (open circles) and ATXe
(open squares). Conditioned media from HEK293 cells transfected with human ATXa, ATXb, ATXg, ATXd and ATXe cDNA was treated at
different temperatures from 50 to 70�C for 10min. All error bars represent SD (n¼ 3).
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We also compared the effects of various divalent cat-
ions on PDE activity of both isoforms. The effect of
added divalent cations after chelation treatment
(10mM) depended on the cation: the activities of
both isoforms were restored by the addition of Co2þ

and Zn2þ, but not by the addition of Mg2þ, Cu2þ nor
Ni2þ (Fig. 5c and d). Adding Ca2þ to EGTA-treated
ATX isoforms moderately restored ATX activity
(Fig. 5d), probably because EGTA, which has a high
affinity for Ca2þ, exchanged other divalent cations for
Ca2þ. Again we did not observe any significant differ-
ences of divalent cation preferences between the two
isoforms.

Tissue distribution of ATX isoforms
To determine the relative amounts of ATX mRNAs
that have 12-bp deletions, i.e. the relative amounts of
ATXd and ATXe, in human tissues, RT-PCR was per-
formed using cDNAs from total RNAs prepared from
various human tissues and cell lines. To do this we
designed primer pairs that span the deletion sites yield-
ing a 133-bp product from ATXa, ATXb and ATXg
and a 121-bp product from ATXd and ATXe. Both
bands were detected in each of the tissues examined
(Fig. 6a).

Quantification of the bands indicated that the rela-
tive amount of ATX mRNAs that have 12-bp deletion
(ATXd and ATXe) was �30% of total ATX mRNAs.
But brain and retina showed relatively higher ratio of
ATXa, ATXb and ATXg. On the other hand, small
intestine and spleen had larger ratio of ATXd and
ATXe than other tissues. Both the 121 and 133-bp
bands were also detected in several human cancer cell
lines, in which the amount of ATXd and ATXe was
also �30% of total ATX mRNAs.

Discussion

In this study we identified a novel splicing site in ATX
that was located in exon 19 and that provided another
50-splicing donor site. The site gave rise to a second
major ATX isoform ATXd and a minor isoform
ATXe by alternative splicing. We also showed that
biochemical characteristics of ATXd were almost the
same as those of ATXb. In the crystal structures of
mouse ATXd (29), and rat ATXb (30), the four-amino
acid deletion site is on the L2 linker region connecting
the catalytic and nuclease-like domains (Fig. 2d). The
L2 linker wraps tightly around the nuclease-like
domain and makes whole domain structurally rigid.
In the crystal structures of both ATXd and ATXb,

(a) (b)

(c) (d)

Fig. 5 Metal ion-requirement of ATX isoforms. (a and b) Effects of EDTA and EGTA on PDE activity of ATX isoforms. Recombinant human
ATXb (closed circles) and ATXd (open circles) were incubated with pNP-TMP at 37�C for 1 h in the presence of varying concentrations of
EDTA (a) or EGTA (b). (c and d) Effect of various divalent cations on PDE activity of ATX isoforms. Recombinant human ATXb (closed bars)
and ATXd (open bars) were pre-incubated with EDTA (c) or EGTA (d) and various divalent cations were added back at the indicated
concentration. Then, PDE activity was measured using pNP-TMP. All error bars represent SD (n¼ 3).

T. Hashimoto et al.

94

 at C
hanghua C

hristian H
ospital on Septem

ber 26, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


the electron density around the deletion site is poorly
resolved, indicating that the structures around the site
are flexible and are not able to affect the whole struc-
ture, regardless of whether the four amino acids are
present or absent. Importantly, the deletion site is
located at the opposite side of the active centre.
Thus, it is reasonable to assume that the four-amino
acid deletion does not affect the structure of the active
centre. This is consistent with our finding that the bio-
chemical characteristics of ATXd are almost the same
as those of ATXb.

Interestingly, all of the ATX ESTs that we detected
in some species such as G. gallus and X. laevis had the
four-amino acid deletion. Conversely, only EST clones
with intact exon 19 were detected in B. taurus.
Comparison of the genome sequences revealed that
the splice donar sites for ATXd and ATXb are missing
in G. gallus, X. laevis and B. Taurus, respectively,
which shows that either ATXb or ATXd is dispensable
and that ATXb and ATXd have redundant functions.
The similar biochemical characters of the two isoforms
also support this idea.

The three splicing sites in exons 12, 19 and 21 can
theoretically result in eight isoforms and the five
(ATXa, ATXb, ATXg, ATXd and ATXe) were de-
tected. Our present study indicated that ATXb,
ATXg and ATXd were expressed in relatively higher
level in the culture media when expressed in HEK293
cells and that they were fully catalytically active and
stable against heat treatment (Fig. 3d). By contrast,

ATXa and ATXe were hardly detected in the culture
media of HEK293 cells. Based on the crystal structures
of mouse ATXd and rat ATXb, the insertion of 52
amino acids in ATXa and ATXe is located in the
middle of the catalytic domain, indicating that the in-
sertion affects the whole structure of the catalytic site.
On the other hand, the insertion of 25 amino acids in
ATXg and the deletion or insertion of four amino
acids may have small effects on the whole structure
of the catalytic site.

Despite the similar biochemical characters of the
two isoforms, their expression patterns were somewhat
different in tissues and cell lines, although the average
ratio of ATXb and ATXd was �7 : 3. Recent studies
on ATX levels in various patho-physiological condi-
tions have indicated that the plasma ATX level is a
potential indicator of the degree of liver fibrosis (31),
the degree of pregnant toxicosis (21), and the progres-
sion of cancer (19, 20). It is possible that the plasma
ATXd level varies under certain conditions that alter
the expression pattern of ATX isoforms in a particular
tissue. If so, ATXd could be a diagnostic marker.
Further measurements of ATXd in a variety of
normal and diseased human tissues are needed to test
this idea.
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and the 121-bp bands are those from human ATXd and ATXe. DRG, dorsal root ganglion; AEC, aortic endothelial cell; ASMC, aortic smooth
muscle cell; CNS, central nervous system. (b) Expression of ATXb and ATXd in various cancer cell lines.
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