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ABSTRACT 

Autotaxin is a secreted enzyme that catalyzes the conversion of lysophosphatidyl choline 

(LPC) into the bioactive lipid mediator lysophosphatidic acid (LPA). It is the primary 

enzyme responsible for LPA production in plasma. It is up-regulated in inflammatory 

conditions and inhibition of autotaxin may have anti-inflammatory activity in a variety of 

inflammatory diseases. To determine the role of autotaxin and LPA in the 

pathophysiology of inflammatory disease states, we used a potent and orally bioavailable 

inhibitor of autotaxin that we have recently identified, and characterized it in mouse 

models of inflammation, inflammatory bowel disease (IBD), multiple sclerosis (MS), and 

visceral pain. Compound-1, a potent inhibitor of autotaxin with an IC50 of ~2nM, has 

good oral pharmacokinetic properties in mice and results in a substantial inhibition of 

plasma LPA that correlates with drug exposure levels. Treatment with the inhibitor 

resulted in significant anti-inflammatory and analgesic effects in the carrageenan-induced 

paw inflammation and acetic acid-induced visceral pain tests, respectively. Compound-1 

also significantly inhibited disease activity score in the dextran sodium sulfate (DSS)-

induced model of IBD, and in the experimental autoimmune encephalomyelitis (EAE) 

model of MS. In conclusion, the present study demonstrates the anti-inflammatory and 

analgesic properties of a novel inhibitor of autotaxin that may serve as a therapeutic 

option for IBD, MS, and pain associated with inflammatory states. 
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INTRODUCTION 

Autotaxin is a secreted enzyme that produces the lipid mediator lysophosphatidic acid 

(LPA) from extracellular lysophosphatidyl choline (LPC) (Umezu-Goto et al., 2002). It is 

the primary enzyme responsible for LPA production in plasma (van Meeteren et al., 

2006). LPA acts through G protein-coupled receptors on the cell surface and induces 

downstream effects, influencing a variety of physiological and pathological processes 

(van Meeteren et al., 2006; Chun et al., 2010; Moolenaar and Perrakis, 2011). 

Accumulating evidence has shown that aberrant ATX expression and elevated LPA 

production and signaling are involved in multiple pathological conditions, including 

chronic inflammation, fibrosis, colitis and cancer (Lin et al., 2009; Gierse et al., 2010; 

Chu et al., 2015; Castagna et al., 2016). 

 

Inflammatory Bowel Disease (IBD) is a chronic and relapsing intestinal disease that is 

accompanied by abdominal pain, diarrhea, rectal bleeding and loss of the ability to digest 

food (Mozdiak et al., 2015). IBD includes ulcerative colitis and Crohn’s disease, both of 

which are chronic diseases of the gastrointestinal (GI) tract. The pathophysiological 

mechanisms of IBD are not completely understood. Enhanced expression of autotaxin 

mRNA and aberrant lymphocyte migration have been observed in the inflamed mucosa in 

patients with Crohn’s disease or ulcerative colitis. Autotaxin expression is significantly 

higher in the actively inflamed mucosa compared to the quiescent mucosa in the same 

patient (Hozumi et al., 2013). In addition, autotaxin in the vascular endothelium has been 

shown to be involved in pathological lymphocyte migration to the inflamed mucosa in 

two murine models of colitis, namely the CD4+ CD25- T-cell transfer model and the 
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dextran sodium sulfate (DSS)-induced colitis model (Hozumi et al., 2013). 

Pharmacological intervention with bithionol, a weak inhibitor of autotaxin, has been 

shown to decrease lymphocyte infiltration and ameliorate colitis in the T-cell transfer 

model. However, there is no data describing effects on functional parameters of disease 

activity in the DSS model, and no other study exists describing pharmacological activity 

of a potent and selective inhibitor of autotaxin in models of IBD. 

 

Multiple Sclerosis (MS) is an autoimmune and chronic inflammatory neurological 

disorder in which the immune system destroys the myelin and axons in the grey and 

white matter of the central nervous system (CNS) leading to progressive disability 

(Compston and Coles, 2002). Tissues of the CNS, such as the brain and spinal cord, 

express abundant levels of autotaxin transcripts than most other tissues (Mills and 

Moolenaar, 2003; Kanda et al., 2008). Patients with MS have been shown to have 

increased levels of LPA in serum (Balood et al., 2014) and increased expression and 

activity of autotaxin in the cerebrospinal fluid (Hammack et al., 2004: Zahednasab et al., 

2014). In addition, in the mouse experimental autoimmune encephalomyelitis (EAE) 

model of MS, LPA1 receptor knockout mice were less affected by disease (Garcia-Diaz 

et al., 2010). LPC and LPA have also been shown to cause demyelination in vivo and in 

ex vivo cultures of dorsal root fibers (Inoue et al., 2004; Fujita et al., 2007; Nagai et al., 

2010). Dorsal root demyelination caused by nerve injury or intrathecal injection of LPC 

is markedly attenuated in autotaxin heterozygote mice and in LPA1 receptor knockout 

mice (Nagai et al., 2010). These data implicate a role for the autotaxin/LPA pathway in 

the pathogenesis of MS. It is currently not known whether pharmacological inhibition of 
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autotaxin (and the resultant decrease in LPA levels) would ameliorate disease in an 

animal model of MS. 

 

In the present study, we have demonstrated the anti-inflammatory and analgesic 

properties of an autotaxin inhibitor (compound-1) in animal models. To our knowledge, 

this is the first report demonstrating the pharmacological efficacy of a potent, selective 

and orally bioavailable inhibitor of autotaxin in models of IBD, MS and visceral pain. 
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MATERIALS & METHODS 

General Procedure and Animal Maintenance:  

Experiments were carried out in C57/Black6 female mice that were 9-10 weeks old 

(Charles River Breeding Laboratories, Portage, MI) unless otherwise mentioned 

elsewhere. Following shipment, the mice were housed for at least 1 week to allow 

acclimatization prior to experimental studies. The animals were maintained on a regular 

12 hour light/dark cycle (6:00 PM to 6:00 AM) with food and water ad libitum, unless 

otherwise noted. Protocols were approved by the Animal Care and Use Committee 

(IACUC) of Eli Lilly and Company (Indianapolis, IN), and were in agreement with the 

guidelines for the proper use and care of animals in biomedical research. Blood samples 

were collected by cardiac puncture for measurement of analytes under isoflurane 

anesthesia. Studies were performed in a blinded fashion, keeping the group and 

compound identity unknown to the individual collecting data from the studies. 

Compound and group identities were uncovered after analysis of the results. At the end of 

the studies, all animals were euthanized by CO2, followed by cervical dislocation, as per 

IACUC guidelines. Statistical analyses were performed using the student’s t-test, 

Dunnett’s test and Mann-Whitney’s U-test using GraphPad Prism program. The analyzed 

data are presented as mean + standard error with the number of animals (n) in 

parenthesis, and the values considered significant when p<0.05. 

 

Reagents: 

The autotaxin inhibitor (compound-1) (Fig. 1a) was discovered and characterized at Lilly 

Research Labs (Beauchamp et al., 2015).  Vehicle HEC (1% hydroxyethyl cellulose, 
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0.25% Tween80 and 0.05% antifoam) was prepared internally at Lilly Research 

Laboratories. Compound-1 was dissolved in HEC and vortexed at room temperature to 

prepare a fine suspension, and was dosed by oral gavage using a #22 gavage needle. 

Compound suspension was prepared fresh every day prior to dosing to avoid any 

contamination and precipitation. Carrageenan (CGN) was purchased from Sigma 

(Catalog # C1867), glacial acetic acid from Mallinckrodt Chemicals (Catalog # V183-

14z), Dextran Sulfate Sodium (DSS, molecular weight 30-40K) from MP Biomedicals 

(Catalog # 160110), MOG35–55 peptide (MEVGWYRSPFSRVVHLYRNGK) from 

Polypeptide Group (Catalog # SC1272), Complete Freund’s Adjuvant (CFA, Catalog # 

231131) and heat-killed Mycobacterium tuberculosis (H37RA, Catalog # 231141) from 

Difco Laboratories, and Pertussis toxin from Life Technologies (Catalog # PHZ1174). 

 

Pharmacokinetic/pharmacodynamic (PK/PD) studies in mice: 

PK studies were performed in 7-8 week old male C57/BL6 mice from Harlan. 

Compound-1 was dosed orally at the indicated doses and blood was collected at 0, 0.5, 1, 

2, 3, 6, and 24 hours post dose (n=3 per time point). Plasma levels of compound-1were 

determined by mass spectrometry and LPA levels in plasma were measured as described 

previously (Chen et al., 2008). 

 

Carrageenan induced paw inflammation: 

Body weights were taken and the mice were randomized into various study groups based 

on their body weights. Carrageenan (CGN) was prepared on the day of the study prior to 

injection. Each mice received CGN (0.5%, 40μl/paw) in right hind paw (intra-plantar 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on August 11, 2016 as DOI: 10.1124/jpet.116.234013

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #234013 

 9

injection) immediately after measuring the initial paw thickness (time 0). Test 

compounds were freshly prepared on the day of the study and mice were dosed with the 

compounds on day 0, and 16 hours later on day 1. One hour later, CGN was injected. 

Paw inflammation (paw thickness) was measured by a mini caliper with digital display at 

different time points, for a period of six hours post CGN. The changes in paw 

inflammation are expressed in mm as changes in paw thickness (difference between the 

time 0 and various time points post CGN).  

 

Measurement of LPS-induced TNFα production: 

Studies were conducted to determine the plasma levels of the inflammatory cytokine 

TNFα induced by LPS treatment in mice. After 7 days of acclimatization, body weights 

were taken and the mice were randomized into two study groups (n = 4-5/group) based 

on their body weights. Control group received vehicle HEC (1% hydroxyethyl cellulose, 

0.25% Tween80 and 0.05% antifoam) and the treatment group received compound-1. 

Immediately after compound administration, mice in both groups received an 

intraperitoneal injection of LPS (10 mg/kg). Two hours following the injection of LPS, 

animals were euthanized with CO2, and blood was collected by cardiac puncture in 

heparin-coated tubes (Becton Dickinson, Franklin Lakes, NJ, USA). Plasma was prepared 

and stored frozen at -200C, until needed for cytokine analysis. TNFα levels in the plasma 

were measured using the mouse TNFα Quantikine® ELISA kit (R&D systems). 

 

DSS-induced inflammatory bowel disease model: 
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The DSS-IBD protocol was modified from Murthy et al (Murthy et al., 1993). Body 

weights were taken a day before the study start, and mice were randomized into five 

study groups: sham (none), vehicle HEC (1% hydroxyethyl cellulose, 0.25% Tween80 

and 0.05% antifoam), and three groups receiving different doses of compound-1. DSS 

solution (5%) was prepared in drinking water on the day of the study and every 2-3 days 

thereafter. IBD was induced by allowing the mice to drink DSS-water ad libitum given in 

their drinking water bottle. Dosing with the autotaxin inhibitor was started immediately 

after allowing the mice to drink DSS-containing water. The compounds were 

administered orally by a gavage needle twice a day, in a dose volume of 200μl/mouse, at 

final doses of 3, 10 or 30 mg/kg. Body weights, stool consistency, occult blood 

(Hemoccult Sensa Rapid test kit, Beckman Coulter) or gross rectal bleeding were 

determined daily in a blinded fashion. The study was terminated on day 6 post DSS and 

the colon tissue was collected. Parameters measured at the end of the study include body 

weight, stool consistency, stools for hemoccults (if no rectal bleeding) and colon length. 

Colon tissue from the ileocecal junction to the anal verge was quickly excised and the 

length was measured using a ruler.  

 

Disease Severity Measurement:  

Disease severity is expressed as Disease Activity Index (DAI) based on the changes in 

three important parameters of IBD, namely A) body weight, B) stool consistency and C) 

rectal bleeding. DAI = (A+B+C)/3. DAI scoring scheme was adapted from the literature 

(Eijkelkamp et al., 2007), and is shown below. 
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Score Weight Loss Stool Consistency Fecal Blood 

0 None Normal Normal 

1 1-5%   

2 5-10% Loose Stool Hemoccult + 

3 10-15%   

4 15-20% Diarrhea Gross Bleeding 

 

Normal stool: firm and well-formed pellets 

Loose stool: pasty/semi-formed that do not stick to the anus 

Diarrhea: liquid stool that sticks to the anus. 

 

Acetic acid writhing model:  

Mice were randomized into four study groups (n = 10 mice/group) based on their body 

weights. Dosing was staggered to facilitate the behavioral observations. Control group 

received vehicle (HEC: 1% hydroxyethyl cellulose, 0.25% Tween80 and 0.05% 

antifoam) and the other three study groups received three different doses (3, 10, 30 

mg/kg) of compound-1. The next morning (after 16-18 hours), the mice were given 

another dose of the vehicle and test compound. Two hours later, the mice were given 

0.9% glacial acetic acid (100μl/mouse, ip) that was freshly prepared and dosed at 5ml/kg 

by ip injection to induce writhing. The mice were placed immediately in plastic 

observation cages. A timer was turned on after the first mouse received acetic acid, and 

the writhing response (stretching/twisting of the hind leg and contraction of abdomen) 

was cumulatively counted for a period 10 minutes post 5 min of acetic acid injection. We 
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have previously validated the model with an NSAID (diclofenac, 30 mg/kg, po) as a 

positive control that results in a significant inhibition of the writhing response (data not 

shown).  

 

Experimental Autoimmune Encephalomyelitis (EAE) 

The myelin oligodendrocyte glycoprotein (MOG)-induced EAE model is widely used for 

the evaluation of different drugs that show efficacy in human MS (Floris et al., 2002). 

The mouse EAE study was performed at Covance Laboratories, Greenfield, IN, following 

IACUC animal study guidelines as approved by Eli Lilly & Company. Studies were 

conducted in 7-8 week old female C57BL/6 mice that were group housed (3-5/cage). 

Following shipment, the mice were acclimatized at Covance for 3-7 days prior to 

inclusion in experimental studies. EAE was induced in mice by injecting subcutaneously 

into the flanks an emulsion containing MOG35–55 peptide 

(MEVGWYRSPFSRVVHLYRNGK) (Polypeptide Group, catalog #SC1272). Briefly, 

the MOG peptide was diluted to 2mg/ml in saline. Equal volume of CFA and MOG 

peptides were mixed and homogenized. 200μl of the MOG homogenate was dosed 

subcutaneously (100 μl each into the right and left flanks) on day 1. Pertussis toxin was 

administered intraperitoneally on days 1 and 3. Ten animals were used for each of the 

treatment groups and 3 naive animals (without any MOG peptide injection) were used as 

“no disease” comparators.  

 

Prednisolone (10 mg/kg) was used as a positive control in the study and was dosed orally, 

once daily from day 1-30. The autotaxin inhibitor compound-1 was resuspended in HEC 
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(1% hydroxyethyl cellulose, 0.25% Tween80 and 0.05% antifoam) and was dosed orally, 

twice daily at 30 mg/kg on days 1-30. Body weights were measured once on day 1 and 

then daily starting on day 8. Clinical signs were monitored twice daily to check for dead 

and/or moribund animals. Clinical scoring for disease was done daily starting from day 8 

using the following scale:  

Clinical Scoring Guide: 

0  No weakness  

0.5 Distal limp or spastic, curling tail  

1.0 Complete tail limpness/paralysis 

1.5 Easily rights and complete tail paralysis  

2.0 Easily flips onto back but no hind limb weakness  

2.5 Easily flips onto back and stumble slightly when walking  

3.0 Easily flips onto back with moderate hind limb weakness  

3.5 Severe hind limb weakness 

4.0 Bring feet fully forward and feet will drag 

4.5 Partial hind limb paralysis 

5.0 Complete hind limb paralysis 

5.5 Complete hind limb paralysis and mild front limb weakness  

6.0       Complete both hind and front limb paralysis and/or dead    

 

During the study, if the animals showed severe signs of disease and couldn’t move to 

food and water, they were sacrificed and were graded as 6.0 for the remainder of the 

study. All the animals were sacrificed on day 31 at the end of the study. 8 of 10 (80%) of 
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the vehicle treated mice demonstrated a daily clinical score of ≥ 1 indicating disease 

incidence and demonstrated a mean peak score of 3.2 on day 15.  
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RESULTS 

Pharmacokinetics and pharmacodynamics of compound-1 in mice: 

We recently described the identification of compound-1 (Fig. 1a) as an orally available 

small molecule that inhibits autotaxin with an IC50 of ~2nM in an ex vivo human whole 

blood assay and does not inhibit related proteins ENPP1 and ENPP7 (Beauchamp et al., 

2015; Jones et al., 2016). Administration of this compound in rats, results in a dose and 

time dependent inhibition of plasma LPA levels. In order to confirm that the compound 

has a good oral exposure profile in mice, we performed a 

pharmacokinetic/pharmacodynamic study in mice. Oral dosing of compound-1 (30 

mg/kg) in mice resulted in good plasma exposure with a Cmax of ~24μM at 1 hour post 

dose (Fig 1). To assess the functional activity of the compound, we measured LPA levels 

in plasma collected at the various time points, and observed an inverse relationship 

between drug exposure levels and LPA levels in plasma (Fig 1). LPA levels rebounded as 

the compound got cleared from the system. The 30 mg/kg dose was chosen for testing in 

efficacy studies as this dose resulted in a >50% inhibition of plasma LPA levels over a 12 

hour period, and would facilitate a twice daily dosing regimen.  

 

Anti-inflammatory activity of compound-1: 

Effect of compound-1 was investigated in the carrageenan (CGN)-induced paw 

inflammation model to determine its anti-inflammatory activity. Intraplantar injection of 

CGN in the right hind paw of mice induced a progressive increase in paw inflammation 

(measured as paw thickness) in a time-dependent manner (up to 6 hrs post CGN) in the 

vehicle treated group. Treatment with compound-1 (30 mg/kg) produced a significant 
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inhibition of the inflammatory response compared to vehicle treated animals. As shown 

in figure 2, the inhibitory response persisted for the entire duration of the study, depicting 

an anti-inflammatory effect of the compound at all time points post treatment.  

 

Further studies were conducted to gain a mechanistic understating of the anti-

inflammatory activity of compound-1 by investigating its effect on the production of the 

inflammatory cytokine tumor necrosis factor (TNFα) in mice treated with LPS. 

Administration of a single dose of compound-1 (30 mg/kg) resulted in a significant 

inhibition of LPS-induced TNFα release in plasma (Fig. 3a). Concurrent measurement of 

plasma LPA from the same samples showed a reduction in LPA (Fig. 3b), suggesting a 

correlation between inhibition of TNFα release and inhibition of plasma LPA.  

 

Efficacy of compound-1 in the DSS-induced IBD model:  

The DSS model is one of the most commonly used models of IBD, wherein 

administration of DSS in the drinking water leads to lethal inflammatory bowel disease 

resembling human IBD. In order to test the effect of autotaxin inhibition on disease 

incidence and severity in the DSS model, compound-1 was dosed orally (30 mg/kg, twice 

daily for six days) starting from the initiation of DSS administration. There was a time-

dependent increase in diarrhea and rectal bleeding that contributed to an increase in 

disease activity score in vehicle treated animals (Fig. 4a-c). Colon length shortening was 

also observed at the end of the study (on day 6) in the vehicle treated animals (Fig. 4d). 

However, treatment with compound-1 resulted in a significant decrease in all measured 
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parameters of disease activity, and also led to a partial reversal of colon length shortening 

(Fig. 4a-d).   

 

We then tested whether the inhibitory effects of the autotaxin inhibitor on IBD 

progression and severity is dose dependent. So, we tested the inhibitor at 3, 10 and 30 

mg/kg doses and monitored the effects. Treatment with compound-1 resulted in a dose 

dependent inhibition of the disease activity scores (Fig. 5a). The 10 and 30 mg/kg doses 

of the compound resulted in significant inhibition compared to the vehicle treated group, 

and the highest inhibition was observed at the 30 mg/kg dose. Colon length shortening 

was also partially reversed in the compound treated groups in a dose dependent fashion 

(Fig. 5b).  

 

Analgesic activity of compound-1 in acetic acid-induced visceral pain 

Since the autotaxin/LPA pathway has been shown to play a role in mediating 

inflammatory and neuropathic pain (Inoue et al., 2004; Inoue et al., 2008b; Ueda, 2011; 

Ueda et al., 2013), we tested the autotaxin inhibitor in the acetic acid induced writhing 

model of acute visceral pain in mice. Intraperitoneal injection of acetic acid produced 

writhing responses in the vehicle treated group, whereas pretreatment of mice with 

compound-1 resulted in a dose-dependent reduction in the number of writhing responses 

at 3, 10 or 30 mg/kg (Fig. 6). The inhibitory effects observed were significantly different 

from the vehicle group at the 10 and 30 mg/kg doses of compound-1.  

 

Efficacy of compound-1 in the MOG-EAE model: 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on August 11, 2016 as DOI: 10.1124/jpet.116.234013

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #234013 

 18

EAE induced by myelin oligomeric glycoprotein (MOG35-55 peptide) is an animal model 

for the human inflammatory demyelinating disease, multiple sclerosis (MS). EAE is a 

complex condition where both immunopathological and neuropathological mechanisms 

lead to inflammation, demyelination, axonal loss and gliosis as the key pathological 

features of MS. In order to query the potential role of autotaxin in the pathogenesis of 

MS, we tested compound-1 in the MOG-induced EAE model in mice. EAE was induced 

via the injection of MOG peptide and pertussis toxin, as described in Materials & 

Methods, and the animals were dosed daily with vehicle, prednisolone, or compound-1. 

Prednisolone, a glucocorticoid, was used as a positive control in this study. Clinical 

scoring was done daily starting from day 8. As shown in Fig. 7, there was a time-

dependent increase in the disease activity score starting from day 9 in the vehicle treated 

animals. However, treatment with compound-1 resulted in a slight rightward shift in the 

disease progression curve with a significant decrease in disease score observed starting 

from day 20 onwards and maintained till the end of the study. Prednisolone treatment, as 

reported before (Tsutsui et al., 2008), led to a complete inhibition of disease development 

in the animals. 
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DISCUSSION 

We have characterized the pharmacokinetics and pharmacodynamics of a potent inhibitor 

of autotaxin (compound-1) in mice and have demonstrated its anti-inflammatory activity 

in response to carrageenan and LPS administration. Consistent with the expression of 

autotaxin in the inflamed intestinal mucosa of IBD patients and the involvement of the 

autotaxin-LPA pathway in pathological lymphocyte migration in animal models of colitis 

(Hozumi et al., 2013), we have demonstrated a significant dose-dependent inhibition of 

the disease activity score by compound-1in the DSS-induced model of IBD. The inhibitor 

also resulted in a partial reversal of colon length shortening observed in the model. The 

fact that the inhibitor did not lead to complete amelioration of the disease is consistent 

with the involvement of additional mechanisms that play a role in disease pathogenesis. 

In this short term model of colitis, the inhibitor was dosed in the prevention mode (with 

dosing initiated at the same time when DSS administration in drinking water was started). 

In addition, although the DSS model displays some similarities to human IBD, it is 

primarily a model of acute inflammation and epithelial damage. Hence, it would be 

interesting to test the autotaxin inhibitor in a long term model of colitis. In such a model, 

initiation of autotaxin inhibitor treatment either before or after establishment of the 

disease would help distinguish the role of autotaxin/LPA in the initiation versus 

progression of the disease. 

 

Autotaxin is a secreted protein and is the primary enzyme responsible for the generation 

of LPA in plasma (van Meeteren et al., 2006). It is not known whether circulating LPA 

levels are increased in humans with IBD. It is likely that the increased levels of autotaxin 
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in the inflamed mucosa in IBD patients would cause an increase in local production of 

LPA that would play a role in disease pathogenesis. Plasma LPA levels could, however, 

serve as an easily accessible biomarker of drug activity, and may reflect tissue autotaxin 

inhibition.  

 

Pain is a common symptom in about 50-70% of patients experiencing the initial onset or 

exacerbations of IBD that significantly decreases the quality of life. Pain is usually 

caused by abdominal cramps, due to irritation of the nerves by inflammatory cytokines 

and mediators sensitizing the primary afferents and muscles controlling intestinal 

contractions (Bielefeldt et al., 2009; Docherty et al., 2011; Glocker and Grimbacher, 

2012). Pain may be the only symptom of disease activity in some patients, and about one 

sixth of IBD patients are chronically treated with opioids (Edwards et al., 2001; Cross et 

al., 2005; Lix et al., 2008; Bielefeldt et al., 2009). Despite advances in medical 

management and surgical treatment of IBD, pain management is still a challenge (Lix et 

al., 2008). Traditional analgesic agents such as NSAIDs or COX2 selective inhibitors 

have been linked to a higher likelihood of GI bleeding and disease exacerbation in IBD 

patients (Matuk et al., 2004; Guslandi, 2006; Takeuchi et al., 2006; Bielefeldt et al., 

2009) and systemic treatment with steroids are associated with severe side effects such as 

changes in metabolism, blood pressure and even mood. Consistent with the involvement 

of the autotaxin/LPA pathway in mediating inflammatory/neuropathic pain (Inoue et al., 

2004; Inoue et al., 2008a; Inoue et al., 2008b; Gierse et al., 2010, Thirunavukkarasu et al., 

2016, under revision, Osteoarthritis Cartilage), we have shown that the autotaxin 

inhibitor compound-1 can dose-dependently inhibit acute visceral pain in the acetic acid 
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induced writhing model. Our data suggest that the autotaxin inhibitor may provide a safer 

alternative option to treat pain associated with IBD, in addition to its potential disease 

modifying benefits.  

 

The presence of LPA and autotaxin in the nervous system and CSF, the effects of LPA in 

inducing inflammation and demyelination, and the observed increase in autotaxin levels 

in the CSF of MS patients, prompted us to test the effect of the autotaxin inhibitor in the 

MOG-induced EAE model of MS in mice. Using a highly potent and orally bioavailable 

inhibitor of autotaxin, we have demonstrated an inhibition of the EAE disease activity 

score that takes into account behavioral observations on the mobility of the animals. We 

also observed a trend towards a decrease in inflammation scores in the spinal cord 

sections and a possible decrease in demyelination in the lumbar region of the spinal cord 

in animals treated with compound-1 (data not shown). It is likely that autotaxin and LPA 

are potentially involved in the initiation of the disease process, at least in part, via the 

effects of LPA in inducing inflammation and/or demyelination. Diagnosis of MS 

typically occurs between the ages of 20 and 40 with a female:male ratio of 2:1 

(Compston and Coles, 2002). At the time of diagnosis, 85% of the patients have the 

relapsing-remitting form of MS (RRMS) that is characterized by repeating cycles of acute 

exacerbations (relapses) of neurological dysfunction that is followed by recovery. It is 

conceivable that the autotaxin inhibitors may be efficacious in the relapsing-remitting 

form of MS if dosing is initiated prior to the onset of disease relapse. In order to confirm 

this possibility, testing of the compound in an animal model that displays the relapsing-

remitting form of disease, such as the RR-EAE model, would be required. 
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There is a significant inflammatory component in the EAE model of MS that eventually 

leads to demyelination. Since autotaxin and LPA are known to be involved in the 

inflammatory cell infiltration and demyelination, it is likely that both mechanisms are at 

play in the efficacy seen with the autotaxin inhibitors. Considering the role of the 

autotaxin/LPA pathway in mediating inflammatory and neuropathic pain, it is tempting to 

speculate that inhibition of autotaxin may also have an analgesic benefit in MS, in 

addition to the potential disease modifying effects.  

 

Mice that lack both copies of the autotaxin gene are not viable and have defects in neural 

tube closure and neurite outgrowth, likely due to a need for autotaxin function during 

development. However, the heterozygote mice are viable and show a 50% decrease in 

autotaxin activity and plasma LPA levels (van Meeteren et al., 2006). In addition, 

animals have recently been generated, wherein autotaxin can be knocked out after birth, 

and these animals also have a normal phenotype without any obvious abnormalities 

(Katsifa et al., 2015). Subjecting the autotaxin heterozygotes and the adult-specific 

autotaxin knockout mice to models of IBD and EAE would help further confirm the role 

of the autotaxin/LPA pathway in the pathogenesis of these diseases and determine 

whether a decrease or lack of autotaxin activity would result in a delay in disease onset or 

progression and/or a decrease in severity of the disease.  
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In summary, autotaxin inhibition (either alone or in combination with drugs targeting 

other mechanisms) may provide an oral therapeutic option for IBD and MS that is likely 

to lead to a potential analgesic benefit as well. 
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FIGURE LEGENDS 

Figure 1. (a) Chemical structure of compound-1. (b) Pharmacokinetics and 

pharmacodynamics of compound-1 (30 mg/kg) dosed orally in mice. Plasma samples 

were collected at various time points post dosing and compound levels and LPA levels 

were measured as described. The horizontal dotted line indicates 50% inhibition of 

plasma LPA. Data show an inverse relationship between compound exposure levels and 

the corresponding LPA levels in plasma.  

 

Figure 2. Inhibition of carrageenan-induced paw inflammation in mice by autotaxin 

inhibitor compound-1. Compound-1 was dosed orally at 30 mg/kg, as indicated in 

Methods, followed by injection of carrageenan into the paw. Paw thickness was measured 

at baseline and at 2, 4 and 6 hours post carrageenan injection. Statistical comparisons 

were made to the vehicle group using an unpaired t-test (*p<0.05; **p<0.01; ***p<0.001 

vs vehicle) (n=10 animals/group). 

 

Figure 3. Effect of compound-1 in inhibiting LPS-induced TNFα release (a) and LPA 

levels in plasma (b). Immediately after oral dosing of vehicle (n=4) or compound-1 (30 

mg/kg, n=5), LPS was injected intraperitoneally (10 mg/kg). Two hours later, plasma was 

collected and TNFα levels were measured by ELISA, and LPA levels were measured by 

mass spectrometry.  

 

Figure 4. Effect of autotaxin inhibitor compound-1 (30 mg/kg, dosed orally, twice daily 

for six days) in the DSS-induced IBD model. Effects on diarrhea (a), rectal bleeding (b), 
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DAI score (c) and colon length (d) are shown. Data from individual animals, as well as 

the group mean values (horizontal bars), are shown. Statistical comparisons were made to 

the vehicle group using an unpaired t-test (*p<0.05; **p<0.01; ***p<0.001 vs vehicle; 

n=8/group). Five animals that were given regular water (without DSS) were used as sham 

controls. 

 

Figure 5. Dose-dependent effect of autotaxin inhibitor compound-1 (3, 10 and 30 mg/kg, 

dosed orally, twice daily) in the DSS-induced IBD model. Effects on the DAI score (a) 

and colon length (b) are shown. Data from individual animals, as well as the group mean 

values (horizontal bars), are shown. Statistical comparisons were made to the vehicle 

group using an unpaired t-test (*p<0.05; **p<0.01; ***p<0.001 vs vehicle; n=10/group). 

Four animals that were given regular water (without DSS) were used as sham controls.  

 

Figure 6. Effect of autotaxin inhibitor compound-1, dosed orally at 3, 10 or 30 mg/kg, in 

the acetic acid induced writhing model. Data from individual animals, as well as the 

group mean values (horizontal bars), are shown. Statistical comparisons were made to the 

vehicle group using an unpaired t-test (*p<0.05; **p<0.01 vs vehicle; n=10/group). 

 

Figure 7. Effect of compound-1 in inhibiting disease activity in the mouse MOG-EAE 

model.  Vehicle, compound-1 or prednisolone was dosed orally starting from day 1 and 

the clinical disease scores were assessed daily starting from day 8. Treatment with 

compound-1 resulted in a significant inhibition of the clinical scores compared to vehicle 

on days 20-31. (n = 10 animals/group). 
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Fig. 4A 
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Fig. 4B 
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Fig. 4C 

Days Post DSS

0 3 4 5 6

D
is

ea
se

 A
ct

iv
it

y 
In

d
ex

 

0

1

2

3

4

5
sham

vehicle

compound-1 (30 mg/kg)

** 

* 

** 
*** 

vehicle 

compound-1 

sham 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on August 11, 2016 as DOI: 10.1124/jpet.116.234013

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


Fig. 4D 
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Fig. 7 
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