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Abstract

Inflammation is essential in defense against infection or injury. It is tightly regulated, as over-
response can be detrimental, especially in immune-privileged organs such as the central nervous
system (CNS). Microglia constitutes the major source of inflammatory factors, but are also
involved in the regulation of the inflammation and in the reparation. Autotaxin (ATX), a
phospholipase D, converts lysophosphatidylcholine into lysophosphatidic acid (LPA) and is
upregulated in several CNS injuries. LPA, a pleiotropic immunomodulatory factor, can induce
multiple cellular processes including morphological changes, proliferation, death and survival.

We investigated ATX effects on microglia inflammatory response to lipopolysaccharide (LPS),
mimicking gram-negative infection. Murine BV-2 microglia and stable transfected,
overexpressing ATX-BV-2 (A+) microglia were treated with LPS. Tumor necrosis factor a
(TNFa), interleukin (IL)-6 and IL-10 mRNA and proteins levels were examined by gRT-PCR and
ELISA, respectively. Secreted LPA was quantified by a radioenzymatic assay and microglial
activation markers (CD11b, CD14, B7.1 and B7.2) were determined by flow cytometry.

ATX expression and LPA production were significantly enhanced in LPS treated BV-2 cells. LPS
induction of MRNA and protein level for TNFa and IL-6 were inhibited in A+ cells, while 1L-10
was increased. CD11b, CD14, and B7.1 and B7.2 expressions were reduced in A+ cells.

Our results strongly suggest deactivation of microglia and an IL-10 inhibitory of ATX with LPS
induced microglia activation.

"Coresponding author, GEICO — EA 4516 - Université de la Réunion - 15, avenue René Cassin — CS 92003 — Cedex 09, 97715 Saint
Denis de La Réunion — France, Tel: (+262) 262 93 86 48 - Fax: (+262) 262 93 82 37, Christian.Lefebvre-d-Hellencourt@univ-
reunion.fr.
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INTRODUCTION

Numerous and highly prevalent pathologies affecting the central nervous system (CNS) are
associated with increased inflammation including multiple sclerosis, Parkinson disease,
Alzheimer disease, and ischemic stroke [Czlonkowska and Kurkowska-Jastrzebska, 2011].
A controlled inflammatory response to infection or an injury can be beneficial, while an
exacerbated or prolonged response can become detrimental. As an important source of
inflammatory factors, microglia are integral to many of these disease related pathologies
[Munoz-Fernandez and Fresno, 1998]. The activation program of microglia can be
sequential and includes morphological, phenotypic, and functional changes [Ponomarev et
al., 2006]. The multiple aspects of a microglia response and the need to appropriately
regulate the pro-inflammatory and anti-inflammatory stages of a response have raised
interest in identify endogenous factors contributing to this regulation.

Microglia express integrin alpha M (CD11b) and innate immunity receptors such as receptor
and co-receptor of lipopolysacharide (LPS) (Toll-like receptor 4 (TLR4) and CD14).
Infection can trigger these receptors and induce subsequent signal transduction, transcription
factors and cytokine production. For instance, LPS can induce NF-kB through TLR4/CD14
interaction and increase proinflammatory cytokines such as, TNF alpha (TNFa), interleukin
(1L-6) as well as anti-inflammatory cytokines such as, IL-10 (IL-10) [Aloisi et al., 1999;
Bruce et al., 1996; Cacci et al., 2005]. Factors produced by activated microglia including
cytokines, chemokines, and free radicals can be neurotoxic [Rock et al., 2004]. In
association with the production of pro-inflammatory factors and polarization to an M1
phenotype, microglia increase expression of major histocompatibility complex (MHC) class
I and Il and co-stimulatory molecules (CD80 and CD86) [Mack et al., 2003; Ponomarev et
al., 2005]. Recent data suggests that polarization of microglia to an anti-inflammatory/repair
M2 phenotype with expression of IL-10 and TGFf contributes to their role in reparation and
regulation [Boche et al., 2013; Taylor and Sansing, 2013].

Understanding the progression of this injury program and associated regulatory factors has
taken a prominent emphasis in neurodegenerative and neuro-reparative research. Within
such a framework, a growing interest has emerged for the potential involvement of
lysophosphatidic acid (LPA) [Zhao and Natarajan, 1831]. LPA is a phospholipid exerting
numerous biological activities, including cell proliferation, differentiation, and migration.
These actions occur through activation of specific G-protein coupled receptors [Ishii et al.,
2004]. LPA is hydrolyzed from lysophosphatidylcholine (LPC) as a result of the secretion of
the ectonucleotide pyrophosphatase phosphodiesterase-2 (ENPP2, autotaxin, ATX) enzyme
exhibiting lysophospholipase D (lysoPLD) activity [Umezu-Goto et al., 2002]. ATX is a
125kDa enzyme released by cultured human melanoma cells [Stracke et al., 1992]. Recent
work demonstrated a role for ATX in numerous physiological processes including cell
maotility, angiogenesis, and adipogenesis [Ferry et al., 2003; Nakanaga et al., 2010; van
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Meeteren et al., 2006] that are mediated mainly through LPA production [Okudaira et al., ;
van Meeteren and Moolenaar, 2007]. ATX is known to be upregulated under various
inflammatory conditions such the ones that occur in cancer, arthritis, or multiple sclerosis
[Hammack et al., 2004; Liu et al., 2009a; Liu et al., 2009b; Nochi et al., 2008]. ATX is
expressed within the subventricular zone and choroid plexus epithelium during
development, and in the normal adult brain. However, it is also expressed in leptomeningeal
cells and oligodendrocyte precursor cells [Savaskan et al., 2007]. Following traumatic
injury, ATX expression is increased in reactive astrocytes [Savaskan et al., 2007]. A
concurrent developmental profile for LPA receptor expression has been reported [Ohuchi et
al., 2008]. The expression of ATX and LPA receptors temporally contribute to the
differentiation of oligodendrocyte precursor cells [Yuelling and Fuss, 2008]. We recently
reported that ATX could down-regulate an oxidative stress response in cultured microglia
providing a protective effect to prevent cell death [Awada et al., 2012]. Given the critical
functions of microglia in responding to and modulating brain injury, the ability of ATX to
minimize microglia cell death associated with an oxidative stress response suggests a
potential beneficial role for ATX in vivo [Awada et al., 2012]. We now demonstrate that
LPS induces ATX production in BV-2 microglial cells and ATX overexpression inhibits
LPS-induced pro-inflammatory cytokine elevation through up-regulation of the anti-
inflammatory cytokine, interleukin-10 (IL-10).

METHODS

Microglial culture

A murine microglial BV-2 cell line (obtained from Pr. Philippe Gasque, GRI, la Reunion,
France) and BV-2 cells transfected with pcDNAS3 autotaxin (clones corresponding to the
stable transfection of the empty vector (EV) and of ATX (A+) [Awada et al., 2012]) were
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM,; Biotech, South America)
supplemented with 10% fetal bovine serum (FBS; < 0.02 ng/mL endotoxin), 100 U/mL
penicillin, and 100 pug/mL streptomycin at 37°C in a humidified incubator under and 95%
air. Viability of ATX (+) cells was similar to that of non-transformed cells as assessed by
trypan blue exclusion and cell counting. All culture reagents were obtained from Biotech.
Cells were passage by trypsinization and all experiments were conducted on cells with less
than 30 passages.

Primary microglia were prepared as previously described [Harry et al., 2002]. Briefly
primary mixed glia cultures were prepared from the cortical layer of 2-day-old CD-1 mice.
Meninges were carefully removed and tissue digested 20 min in 2.5 % trypsin and
dissociated by trituration. Cells were collected through a series of centrifugation and
filtration, resuspended in 10 ml DMEM/F12 media containing 10% heat inactivated low-
endotoxin FBS, penicillin, and streptomycin and plated in T75 tissue culture flasks at a
density of 1x106 cells/ml. Cells were maintained in a as humidified tri-gas incubator under
5% CO»,. Media was changed every 3 days thereafter. After 12 days in culture, cultures were
shaken (180—200 rpm/4 hrs). The media was collected and centrifuged at 1200 rpm for 10
min and pelleted microglia cells were resuspended in complemented media and plated into
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poly L lysine coated 6-well Costar tissue culture plates at 10° cells per well. Cells were
maintained under incubator conditions for 24 hrs prior to experimental manipulation.

LPS time course for TNF, IL-10 and ATX

BV-2 cells were plated at a density of 10° cells per well in sterile 6-well tissue culture plates
and maintained for 24 hrs. Upon media change, individual wells of confluent cells were
randomly assigned, in triplicate, as controls with normal culture medium or exposed for 4—
24 hrs with LPS (10ng/mL or 1ug/mL; Escherichia coli K-235> 55.10% U/mg, Sigma,
France) to determine the time course of response for mMRNA levels of TNFa, IL-10, and
ATX.

Cell dosing with LPS and Lysophosphatidic acid (LPA)

Based upon identification of a peak time for LPS-induced TNFa mRNA elevation (Fig. 1)
the 4-hr timepoint was selected for further studies. Native BV-2 cells or primary microglia
were plated at a density of 10 cells per well in 6-well plates (105 mm?). At 24 hrs,
individual wells, in triplicate, were randomly assigned to treatment condition of either a
media change to normal culture medium (control) or medium containing LPS (1 pg/mL).
During the 4-hr exposure period cells were co-exposed to either control vehicle or 1 uM
LPA (containing an oleic acid at the sn-1 position of the glycerol; Sigma-Aldridge, France).
The presence of 1 uM LPA did not alter cell viability as assessed by trypan blue exclusion
and cell counting.

Quantitative RT-PCR

Following the 4-hr incubation with or without LPS in the presence or absence of LPA, total
RNA was extracted from BV-2 cells, EV, and A+ cells using Trizol reagent (Invitrogen,
France). Six pg of RNA was reversed transcribed to cDNA using random primers (Sigma,
St. Louis, MO) and Moloney Murine Leukemia Virus (MMLV, Invitrogen). cDNA was
amplified by PCR (Biosystems, France) using the SYBR green master-mix (Eurogentec,
Belgium) and specific murine primers (Table 1, Eurogentec). Each PCR cycle was
conducted for 15sec at 95°C and 1min at 60°C. Relative RNA amounts were calculated with
relative standard curves for each mRNA of interest and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). Data was normalized relative to GAPDH for each individual
sample and analyzed using ABI Prism 7000 SDS software.

Quantification of LPA by radioenzymatic assay

Following the 4-hr incubation with 1ug/mL LPS, media was collected and the level of LPA
determined from normal BV-2 cells. Lipids were extracted from the media with an equal
volume of 1-butanol and evaporated (SC210A SpeedVac Plus; Thermoscientific, France).
The total amount of LPA in the media was determined using a radioenzymatic assay as
previously described [Saulnier-Blache et al., 2000]. Briefly, extracted lipids were converted
to 14[C]-phosphatidic acid with recombinant LPA acyl-transferase in the presence of 14[C]-
oleoyl-CoA. Reaction products were extracted with methanol and separated by one-
dimensional silica gel 60 thin-layer chromatography (TLC) glass plate (Merck, Rahway,
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NJ). The separated bands were detected by direct digital autoradiography and X-ray film
after contact autoradiography.

TNFa, IL-6, and IL-10 protein quantitation

After 4 hrs of exposure to normal media or LPS (1 pg/mL), media was collected from each
of the cell lines, aliquoted (100 pL) and stored at —20°C. Protein levels of TNFa, IL-6
(eBioscience; Cliniscience, France), and IL-10 (Southern Biotech; Cliniscience, France)
were determined by ELISA according to the manufacturer’s protocol. Briefly, adherent cells
were scrapped from each well in 1 mL of ice-cold phosphate buffer saline (PBS) then lysed
with 50 pL of lysis buffer (25 mM Tris, 10 mM KCI, 1 mM EDTA and 1% Triton). Total
protein levels were determined by bicinchoninc acid agent as previously described [Smith et
al., 1985].

Quantification of CD11b, CD14, CD80, and CD86 expression using flow cytometry

Following 4-hr incubation with normal media or LPS (1 ug/mL), cells were washed with ice
cold PBS, scraped, and incubated with blocking buffer (PBS/1% bovine serum albumin
(BSA)) for 10 min to block non-specific binding. Free-floating cells were incubated with
mouse monoclonal antibodies to either CD11b, CD14, CD80, or CD86 (1:200 dilution in
PBS/BSA 1%; Bioscience), for 1 hr at 4°C. Cells were then washed in PBS, incubated with
phycoerythrin PE-conjugated secondary 1gG (1:1000 dilution, Molecular Probes®, France)
for 30 min at 4°C and analyzed by flow cytometry using FACScan flow cytometer (Becton
Dickinson, France). The cytometer was operated at 488nm excitation laser. Red
fluorescence was measured with a high pass filter at 630nm (FLH-2). The forward scatter
(FSC) and side scatter (SSC) of particles passing the laser were determined.

NF-kB and AP-1 activation

RAW-Blue™ cells (Invivogen, France) derived from RAW 264.7 macrophages and stably
transfected with a construct in which NF-kB and AP1 activation lead to the secretion of
secreted embryonic alkaline phosphatase (SEAP) were used to assess NF-kB and AP-1
activation [Hoo et al.]. Cells were maintained in DMEM supplemented with 10% FBS and
200mg/mL G418 (normal culture medium) in a humidified incubator under 5% CO, / 95%
air. Cells (<15 passages) were resuspended in fresh normal culture medium and an 180uL
aliquot of cell suspension (100,000 cells) was added per well of a 96-well tissue culture
plate. Condition media (CM) was obtained as supernatants of BV-2 or A+ cells collected
after 4 hrs. RAW-Blue cells were incubated (37°C; 5% CO,) for 4 hrs with normal culture
medium, LPS (1 pg/mL), LPA (1 uM), or conditioned medium (CM). After incubation,
1.1073 M p-nitrophenyl-phosphate (PNPP, Sigma, France; dissolved in 0.1M glycine buffer
containing 1 mM MgCl,, ImM ZnCls, pH 10.4) was added to each well and the cells
incubated at 37°C for 30 min. The conversion of PNPP + H,0 to para-nitrophenol (PNP) +
phosphate due to the presence of SEAP resulted in a change to a yellow color allowing for
detection at 460 nm measured using a microplate reader (Fluostar; BMG, France). Data is
presented as total absorbance relative to control.
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Statistical analysis

Data were analyzed by either a Student’s t-test for two group comparisons or by an one way
or two way ANOVA followed by a Dunnett’s or Tukey’s test for comparisons of multiple
doses or times (GraphPad Prism version 6.0c for Mac OsX, GraphPad Software, La Jolla
California USA). Statistical significance was set at p < 0.05. Data are expressed as mean +
SD from a minimum of three independent experiments (n=3 to 6) performed in triplicate.

RESULTS

LPS elevated TNFa and decreased IL-10 mMRNA levels

Exposure of BV-2 cells to LPS produced a dose related elevation in TNFa mRNA levels
(Fig. 1A). At both dose levels, TNFa mRNA levels were significantly elevated at 4 hrs. At 8
hrs, significant elevations were seen only in the 1ug/mL dose group with the lower 10
ng/mL dose group showing elevation but not reaching statistical significance. This was a
transient response and by 16 and 24 hrs mMRNA levels were not statistically different from
control. At 1 ug/mL LPS, IL-10 mRNA levels were significantly decreased at 4, 8 and 16
hrs, returning to within control levels at 24 hrs (Fig. 1B). For the lower LPS dose (10ng/
mL), a significant decrease in IL-10 was observed only at 8 hrs, returning to control levels
by 16 hrs (Fig. 1B).

LPS elevated ATX mRNA levels and induced LPA production

Control cells displayed a detectable level of ATX mRNA that was significantly increased by
LPS (1 pg/mL) at 4 — 16 hrs, returning to within control levels by 24 hrs (Fig. 1C).
Following 4 hrs of exposure to LPS (1 pg/mL) the elevation in ATX mRNA levels was
accompanied by a significant elevation of LPA released into the culture media compared to
controls (Fig. 2) suggesting an increase in ATX activity.

Modulation of the LPS response by ATX

To examine the impact of ATX on LPS-induced TNFa, BV-2 cells and primary microglia
were exposed to 1 pg/mL LPS in the absence or presence of 1 uM LPA for 4 hrs. In control
cells, LPS induced changes in cell morphology consistent with activation and elevated the
production of TNFa protein at a level comparable to that observed in the dose-ranging
study. In the presence of LPA, the normal LPS-induced change in cell morphology was not
observed and elevations in TNFa mRNA and protein levels were significantly lower as
compared to the LPS-induced elevations observed in the absence of LPA (Fig. 3A, 3B).
BV-2 cells transfected with the original plasmid PCDNAS3 (EV) or with a PCDNA-ATX
plasmid (A+) showed no evidence of decreased cell viability and failed to display the
normal LPS (1 ug/mL) induced morphological changes. Rather, the cells maintained
morphological features similar to control cells (data not shown).

In BV2 cells, mRNA levels of LPA receptor 1 (LPA1) were expressed at a low level under
control culture conditions and were not altered with LPS (1 ug/mL) exposure (Fig. 4A). In
EV cells, the basal level of LPA1 mRNA was slightly, but not significantly, higher than
controls. Upon stimulation with 1 ug/mL LPS, levels were significantly elevated. In the A+
cells, the overexpression of ATX resulted in a significant increase in mMRNA levels for the
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LPA1 under control conditions and in presence of LPS (Fig. 4A). Upon stimulation with 1
ug/mL LPS, an increase in ATX mRNA levels was observed in all cell lines however, the
level of induction over their cell specific controls was relatively small in the BV-2 and EV
cells (Fig. 4B). As predicted, in the A+ cells, basal ATX mRNA levels were higher than
those seen in the other two cell lines (data not shown) and, with LPS stimulation, there was a
significant and pronounced elevation in ATX mRNA levels (Fig. 4B).

TNFa, IL-6, and IL-10 mRNA levels in BV-2, EV and A+ cells in the presence of LPS

Basal mRNA levels for TNFa were similar in the BV-2 and EV cells and slightly lower in
the A+ cells. LPS induced similar elevations in TNFa mRNA levels in the BV-2 and EV
cells while, in the A+ cells a decrease was observed (Fig. 5A). IL-6 mRNA levels showed a
similar pattern with basal and LPS-induced levels similar for the BV-2 and EV cells. Basal
levels were similar in the A+ cells and no changes were observed with LPS (Fig. 5B). For
the anti-inflammatory cytokine, IL-10, basal levels were very low in the BV-2 cells and
failed to show an induction by LPS (Fig. 5C). EV cells showed a basal level of mMRNA
expression for IL-10 that was decreased following LPS exposure. With an overexpression of
ATX in the A+ cells, the basal MRNA level for IL-10 was significantly higher than that
observed in the other two cell lines and significantly decreased by LPS (Fig. 5C).

TNFa, IL-6, and IL-10 protein in BV-2, EV and A+ cells in the presence of LPS

Basal protein levels for TNFa, IL-6, and IL-10 were similar in the BV-2 and EV cells (Fig.
6A-C). In the A+ cells, a slightly lower basal level of TNF protein was detected; however,
this failed to reach statistical significance (Fig. 6A). For IL-6, the lower protein level in the
A+ cells was significantly lower than the other two cell lines (Fig. 6B) and for the anti-
inflammatory cytokine, IL-10 the basal levels were significantly higher (Fig. 6C). Following
LPS, TNFa protein levels were increased in the BV-2 and EV cells but were slightly
decreased in the A+ cells (Fig. 6A). IL-6 was elevated in the BV-2 cells by LPS but was not
elevated in the EV cells. For the A+ cells the relative increase in IL-6 following LPS was
similar to that seen in the BV-2 cells however, the absolute protein level was substantially
less (Fig. 6C). In all cell lines, the protein levels for IL-10 were significantly lower
following LPS as compared to vehicle controls. For the anti-inflammatory cytokine IL-10,
all three of the cell lines demonstrated a lower protein level following LPS. In the A+ cells,
basal levels of IL-10 were significantly higher than those observed in either the BV-2 or EV
cells and while the proportional decrease of approximately 50% following LPS was similar,
there remained a significantly higher level of IL-10 protein (Fig. 6C).

CD11b, CD14, CD80, and CD86 mRNA levels in the presence of LPS

Stimulation of microglia was estimated by measuring mRNA levels of different CDs. Basal
levels for CD11b, CD14, CD80, and CD86 were significantly lower in the A+ cells as
compared to BV-2 cells (Fig. 7A-D). Upon stimulation with LPS, CD11b was found to be
significantly elevated in the BV-2 cells with no concurrent significant elevation in CD14,
CD80, or CD86 (Fig. 7A and 7D). A+ cells displayed no evidence of stimulation by LPS on
the expression levels for CD11b, CD14, CD80, or CD86 (Fig. 7A-F).
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NF-kB and AP-1 activation in the presence of LPA or conditioned media from A+ cells

In RAW-Blue™ cells, LPS significantly induced NF-kB activation in (Fig. 8). A similar
level of activation over controls was observed in cells co-exposed to LPS (1 pug/ml) and
conditioned medium (CM) from normal BV2 cells. Co-exposure of LPA (1 pM) with LPS
resulted in an approximate 30% inhibition of NF-kB activation. A similar reduction was
seen with the co-administration of CM from A+ cells. This combined exposure resulted in
an approximate 50% inhibition of LPS-induced NF-kB activation

DISCUSSION

Activation of microglia and increase in inflammatory factors are physiological responses to
various injuries or diseases, including infection, which are necessary processes to restore
homeostasis. In addition to removal of cellular debris or aberrant proteins, microglia cells
are also involved in the reparation process. However, extended microglial activation and
excessive pro-inflammatory response may be detrimental to cells within the environment
and for that reason, their activation/deactivation is closely regulated under normal
conditions. In the process of regulation, it has been proposed that the pro-inflammatory M1
phenotype of microglia can be down-regulated by a concurrent or subsequent microglia
polarization to the anti-inflammatory/repair M2 phenotype. The induction of an M2
phenotype has been proposed for promaotion of tissue regeneration or regulation of the
inflammatory response and repair [Aguzzi et al., 2013; Chawla et al., 2011]. In the current
study, we demonstrate a potential role for ATX in regulating a pro-inflammatory response
and activation of BV-2 microglia cells. The concomitant elevation of the anti-inflammatory
protein, IL-10, suggests a role in regulating this inhibition. The induction of ATX
production and activity by LPS and the inhibition of an LPS response in ATX
overexpressing cells suggest an active role for ATX in the down regulation of an acute
inflammatory response.

Autotaxin, through its phospholipase D activity, constitutes the main source of LPA, by
catalyzing the conversion of lysophosphatidylcholine (LPC) into LPA [Tokumura et al.,
2002; Umezu-Goto et al., 2002]. LPA binding to its receptors leads to several different
physiological activities including angiogenesis, adipocytes differentiation, and myelination
[Ferry et al., 2003; Fox et al., 2003; van Meeteren et al., 2006]. However, the role of ATX in
inflammation remains controversial. Elevations in ATX and/or LPA receptors have been
reported in inflammatory conditions, including human rheumatoid arthritis (RA) [Nochi et
al., 2008], multiple sclerosis [Hammack et al., 2004], and mammary gland inflammatory
diseases [Liu et al., 2009a; Liu et al., 2009b]. Yet, LPA inhibition of LPS-induced
inflammation in macrophages and in mice suggests anti-inflammatory properties [Fan et al.,
2008]. Here we show, for the first time, that stimulation of microglia by LPS induces an
increase in ATX mRNA levels and LPA production. A similar increase of ATX in response
to LPS has been described in the human monocytic cell line, THP-1 involving PKR, JNK,
and p38 MAPK-mediated mechanisms [Li et al., 2012; Li and Zhang, 2009]. In the current
study, the partial inhibition of NF-kB by conditioned medium from the clone overexpressing
ATX suggesting that ATX/LPA affects multiple pathways including NF-xB.

J Cell Biochem. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Awada et al.

Page 9

While not examined in the current study, the various transcription pathways induced in
monocytes for the production of ATX in the presence of LPS are likely to be similar in
microglia [Li et al., 2012; Li and Zhang, 2009]. Microglia, as well as, monocytes /
macrophages express TLR4 and CD14, the receptor and co-receptor for LPS recognition.
These receptors are involved in the innate immunity functions of microglia and binding of
the receptor by LPS induces a pro-inflammatory cytokine response. Based on our findings,
the decrease in CD14 expression seen with ATX suggests a role for ATX in down-
regulating the LPS response through inhibition of co-receptor expression.

To date, a total of 5 LPA receptors belonging to the family of G-protein-coupled receptors
have been described. Each of the LPA receptors is encoded by a different gene (IpA1/Edg2,
IpA2/Edg4, IpA3/Edg7, IpA4/P2Y o/GPR23, IpA5/GPR92) and difference in the LPA
receptor type has been reported depending of the species [Meyer zu Heringdorf and Jakobs,
2007; Moller et al., 2001]. In cultured rat microglia cells, the main microglia LPA receptor
is LPA3 while in mouse LPA1 serves as the primary receptor [Moller et al., 2001]. Our
results are consistent with the expression of LPAL in mouse BV-2 microglia as previously
demonstrated [Moller et al., 2001], and suggest that ATX increase leads to an increase of
LPA that could bind to the microglia LPAL and activates the corresponding signaling
pathway. The basal expression level of LPAL is significantly higher in microglia
overexpressing ATX as well as the level of induction by LPS.

Microglia can be stimulated to an M1 phenotype in different environments including
inflammation and oxidative stress [Vijitruth et al., 2006]. Recently, we have shown that
ATX mRNA levels are elevated in microglia upon oxidative stress, suggesting an up-
regulation under such environmental conditions [Awada et al., 2012]. Over expression of
ATX in microglia improves their resistance to hydrogen peroxide, decreases intracellular
reactive oxygen species and increases enzyme involved in the detoxification such as catalase
demonstrating that ATX have a protective role in oxidative stress [Awada et al., 2012]. A
role for ATX in the regulation of the acute inflammatory response has been previously
proposed [Li et al., 2012; Li and Zhang, 2009]. In vivo studies reported a significant
decrease in LPS-induced plasma TNFa levels in mice pre-treated with LPA while IL-6 was
not changed [Fan et al., 2008]. A similar finding has been reported for cultured peritoneal
macrophages with a decreased production of TNFa protein and no change in IL-6 following
LPS in the presence LPA [Fan et al., 2008]. Our results demonstrate the ability of ATX to
minimize LPS induced activation of microglia and the release of pro-inflammatory
cytokines including TNFa and IL-6. In autotaxin overexpressing cells (A+), the basal level
of TNFa mRNA was lower and LPS did not induce an elevation of TNFa. The differences
between our findings and those of Fan et al [2008] in the effect on IL-6 could be due to a
continuous production of LPA via overexpression of ATX in our study as compared to the
previous study’s use of an acute LPA treatment. The observed elevation in IL-10 in cells
over-expressing ATX suggests that the inhibition of TNFa following LPS is related to the
higher basal level of the anti-inflammatory cytokine IL-10 and a potential polarization of
cells to the M2 state.

Microglia in various phenotypic stages express integrin alpha M (CD11b) with elevations
observed in activated microglia [Ladeby et al., 2005]. A study from Ma and co-workers
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examining spinal cord microglia in vivo suggested that LPA induced microglia activation
and increased CD11b [Ma et al., 2010]. Under these in vivo conditions it is likely that the
response to LPA observed in microglia reflected the diverse cell population and potential
mediation of the response. Using defined microglia culture systems, we found that ATX
overexpression decreased BV-2 activation and that LPA inhibited TNFa expression and
production in LPS stimulated primary microglia. CD14 and TLRs are also involved in the
activation of the microglia as antigen-presenting cell (APC) [Olson and Miller, 2004] and
we found a similar expression pattern for CD14 as was observed for CD11b. Interestingly,
we found that the expression of the co-stimulatory molecules B7.1 and B7.2 were lowered in
the A+ clone, indicating that not only was the innate immunity of microglia down-regulated
but also their adaptive immune functions.

The association between ATX and cancer, as well as, inflammation-associated pathologies
has lead to the development of ATX inhibitors in the perspective of therapeutic strategies
[Federico et al., 2008; Gierse et al., 2010]. However, in contrast, our results on microglia
and those by Fan et al. [2008] on macrophages suggest a beneficial role of ATX in CNS
injury by protecting the microglia cells and down-regulating their activation. These potential
beneficial actions may open new therapeutic perspectives for ATX or LPA.
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Figure 1. TNFa, IL-10, ATX expression and L PA accumulation in L PS stimulated microglia
BV-2 cells were incubated for 4, 8, 16 and 24 hours in the absence or presence of LPS

(10ng/mL or 1pg/mL). mRNA level were determined by gRT-PCR for TNFa (A), IL-10 (B)
and ATX (C). Results are the mean = SD from at least three independent experiments
performed in triplicate. Statistics are *** p<0.001, ** p<0.01, significantly different from
control values, as determined by Dunnett’s t-test following a significant overall two way
ANOVA (n=3-6).
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Figure 2. LPA accumulation in LPS stimulated BV-2
LPA accumulation was quantified by radioenzymatic assay after 4 hours of culture media

from BV-2 cells untreated or in the presence of 1 pg/mL of LPS. Student T test **P<0.01.
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Figure 3. Effect of LPA on LPS-induced TNFa protein
BV-2 cells or primary microglia were treated for 4 hours with 1 pg/mL of LPS in the

absence or presence of 1 uM LPA. TNFa mRNA levels were determined by gRT-PCR and
TNFa protein levels by ELISA. Results are expressed as % of LPS response (LPS 100%).
LPA alone did not change basal levels of TNFa mRNA or protein. Data represents the mean
+ SD (n=3-6). *** p<0.001, * p<0.05 significantly different from LPS treated cells, as
determined by Dunnett’s t-test following a significant overall ANOVA.

J Cell Biochem. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

wduasnuel Joyny vd-HIN

Awada et al.

LPA1 mRNA level

ATX mMRNA level

>

5m tHHt
— | |
2. o .
°E‘ | 1 T
I 2.
52 [
< *%*
2-
- T
g1-
£ T
G 1 - .Il 1 | ]
BV2 EV A+
B ATX
THHE
250' | |
*k%
£ 40-
=
I 20
£ 30
o
& 20-
S
% 10- *%* * -T
£ - _
o- —_T-_—.r- T
BV2 EV A+

Page 17

1 Ctrl
- LPS

] Cil
- LPS

Figure4. Effect of LPSand ATX on L PA receptor (LPAL) expression and ATX expression
BV-2 cell, empty vector (EV) or autotaxin (A+) transfected cells were incubated for 4 hours

in the absence or presence of LPS (1 ug/mL). mRNA encoding LPA1 (A) and ATX (B)
were quantified by RT PCR as described in the Materials and Methods. Results are the mean
+ SD from experiments performed in triplicate. * p<0.05, **p<0.01, *** p<0.001, LPS
treated values significantly different from control values (BV2, EV, A+); ### p<0.001,
Overexpressing ATX (A+) values significantly different from EV values, as determined by
Tukey’s post hoc analysis following a significant overall two way ANOVA (n=3).
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BV-2 cell, empty vector (EV) or autotaxin (A+) transfected cells were incubated for 4 hr in
the absence or presence of LPS (1 ug/mL). mMRNA encoding TNFa (A), IL-6 (B) and IL-10
(C), were quantified by RT PCR as described in the Materials and Methods. Results are the
mean + SD of three independent experiments. *** p<0.001, LPS treated values significantly
different from control values (BV2, EV, A+), ### p<0.001, Overexpressing ATX (A+)
values significantly different from EV values, as determined by Tukey’s post hoc analysis

following a significant overall two way ANOVA (n=3).
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BV-2, empty vector (EV) or autotaxin (A+) transfected cells were incubated for 4 hours in
the absence or presence of LPS (1 ug/mL). TNFa (A), IL-6 (B) and IL-10 (C) protein levels
were determined by ELISA. Results are the mean + SD from experiments performed in
triplicate. * p<0.05, ** p<0.01, *** p<0.001, LPS treated values significantly different from
control values (BV2, EV, A+), ### p<0.001, Overexpressing ATX (A+) values significantly

different from EV values as determined by by Tukey’s post hoc analysis following a

significant overall two way ANOVA (n=3).
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Figure 7. Autotaxin and microglial membrane proteins expression
Non-transfected cells (NT) or autotaxin (A+) transfected cells were incubated for 24 hours

in the presence or absence of LPS. (A) CD11b, (B) CD14, (C) CD80 and (D) expression
were evaluated by FACS. Results are the mean + SD from 3 independent experiments
conducted in triplicate, *p<0.05 LPS treated significantly different from respective control
values. # p<0.05, ## p<0.01, ### p<0.001, Overexpressing A+ significantly different from
BV-2 values, as determined by Tukey’s post-hoc analysis following a significant overall two
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way ANOVA (n=3). Representative FCAS scatter plot for CD11b, (E) BV-2 non-transfected
cells and (F). A+ cells in presence of LPS (1 pg/mL)
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Figure 8. NF-kB activation
Non-transfected cells (NT) or autotaxin (A+) transfected cells were incubated for 24 hours

with or without LPS (1 pg/mL). The supernatant (conditioned medium (CM)) from the
different cell cultures were then added to RAW-Blue cell. NF-kB activity is determined as
described in material and methods. Results are the mean + SD from 3 independent
experiments performed in triplicate. *** p<0.001, significantly different from LPS values, as
determined by Dunnett’s t-test posthoc analysis following a significant overall ANOVA
(n=3).
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Table 1
Primers and probes for Real-Time Q-RT-PCR.

Gene Forward primer Reverse primer

GAPDH 5 -TTCACCACCATGGAGAAGGC- 3’ 5’-GGCATGGACTGTGGTCATGA- 3’

ATX 5’-GACCCTAAAGCCATTATTGCTAA- 3’ 5‘-GGGAAGGTGCTGTTTCATGT- 3

TNFa 5-TGGCCTCCCTCTCATCAGTT- 3’ 5-GCTTGTCACTCGAATTTTGAGAAG- 3’
IL-6 5-CAGAATTGCCATCGTACAACTCTTTTCTCA-3" 5‘- AAGTGCATCATCGTTGTTCATACA- 3’
IL-10 5‘-ACCTCCTCCACTGCCTTGCT- 3’ 5‘-GGTTGCCAAGCCTTATCGGA- 3’

LPA1 5‘-CATGGTGGCAATCTACGTCAA- 3’ 5‘-AGGCCAATCCAGCGAAGAA- 3’
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