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Lysophosphatidic acid (LPA) is a naturally occurring inflammatory
lipid that is dysregulated in multiple sclerosis – an immune mediated
demyelinating disease in the CNS. LPA activates the LPA1 receptor leading to
aberrant cytokine and chemokine levels in the CNS, infiltration of peripheral
immune cells (particularly autoreactive T cells), as well as microglial and
astrocyte activation1. Profiling of the inflammatory signaling in the mouse MOG-
EAE model of demyelination demonstrated an upregulation of cytokines and
chemokines in the CNS that was responsive to LPA1 antagonism. The
inflammatory signaling factors induced in the EAE model are also increased
after challenge with LPS (lipopolysaccharide), an endotoxin frequently used to
induce widespread inflammation. LPA1 antagonists, such as AM152, are
effective at reducing LPS-induced inflammation4. However, since AM152 is
peripherally-restricted, its ability to impact inflammation in the CNS is limited.
To address this deficiency, Pipeline Therapeutics has identified PIPE-791, a
potent, selective, and brain-penetrant LPA1 antagonist.

To demonstrate the need for a brain-penetrant LPA1 antagonist,
PIPE-791 was characterized in an LPS model of CNS inflammation. LPS rapidly
increases cytokine and chemokine levels in the CNS and this upregulation is
inhibited by PIPE-791, but not by the peripherally-restricted antagonist, AM152.
In this model, PIPE-791 was effective at not only reducing cytokine and
chemokine levels in the CNS, but also successful at reducing microglial
activation in the retina. While these data highlight the role of LPA1 in
neuroinflammation, they also underscore the need for a brain-penetrant
antagonist, such as PIPE-791.

PIPE-791 is a promising therapeutic for multiple sclerosis as it not
only promotes remyelination5, but also reduces neuroinflammation in vivo. As
such, PIPE-791 shows promise for many CNS dysfunctions caused by
neuroinflammation.
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MOG EAE systemic inflammation is reduced by LPA1 antagonism

MOG-EAE spinal cord inflammation gene expression

PIPE-791 reduces neuroinflammation, AM152 does not

Conclusions

➢PIPE-791, a CNS penetrant, orally bioavailable LPA1 antagonist, reduces
neuroinflammation and promotes functional remyelination in vivo5 and is
thus a promising treatment for multiple sclerosis.

➢PIPE-791 reduces LPS-induced microglia activation and inflammatory
cytokines/chemokines in vivo.

➢PIPE-791 reduces neuroinflammation, whereas the peripherally restricted
AM152 does not, emphasizing the benefit of a brain penetrant LPA1
antagonist.

➢PIPE-791 does not impact macrophage nor microglia phagocytosis.
➢PIPE-791 shows promise for additional neuroinflammatory indications such

as spinal cord injury or hydrocephalus.

377.27

Fig 2A PIPE-LPA1 antagonist in MOG-EAE with QPCR evaluation at 14d peak clinical
score. 12-week-old C57Bl6 mice were treated with Hooke MOG EAE and dosed with
PIPE-LPA1 antagonist daily at 30mpk qd, 30mpk qd and 100mpk bid with clinical
scores recorded daily and spinal cord isolated and processed for QPCR analysis on
day 14. 2B. Mice treated with PIPE-LPA1 antagonist showed significant dose
responsive behavioral improvement. 2C. Treatment with the LPA1 antagonist
showed a dose responsive decrease in inflammatory markers which were identified
in the previous evaluation of the spinal cords of EAE-MOG mice. This shows that an
LPA1 antagonist can improve clinical outcomes, as well as effect ameliorate
inflammation at the molecular level. 2D. Plasma collected from mice enrolled in the
study show drug levels of the LPA1 antagonist correlate with the improved clinical
and molecular readout.
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Fig 4 Comparison of LPA1 antagonists - peripherally restricted AM152 (30mg/kg) and CNS penetrant
PIPE-791 (3mg/kg) in the LPS induced neuroinflammation model. PIPE-791 was pretreated 2hrs prior and
AM152 was pretreated 1hr prior to LPS insult to ensure both compounds were at peak concentration
before LPS insult. Brain was collected 2hrs post LPS insult and analyzed for QPCR. 4A. PIPE791 shows a
reduction of neuroinflammation gene expression whereas peripherally restricted AM152 does not. 4B.
Corresponding neuro PK analysis show PIPE-791 present in the brain and AM152 is not detected in the
brain.

Fig 1A. 12-week-old C567Bl6 mice were induced
with Hooke MOG kit and spinal cord was isolated
at day 0 – start; day 9 –early; day 12 – onset; day
16 – peak; and day 28 – remission. A parallel
vehicle/ no MOG group was collected at each
timepoint. Clinical scores were recorded daily.
1B. Body weight were recorded daily, and animals
treated with MOG showed a significant decrease
as clinical scores worsened. 1C. Cytokine and
chemokine expression levels do not show
significant increase until after day 9 but are
elevated across all inflammation biomarkers.

A

B

A

References
1. Fransson J, Gómez-Conde AI, Romero-Imbroda J, Fernández O, Leyva L, de Fonseca FR, Chun J, Louapre C, Van-Evercooren AB, Zujovic V, Estivill-Torrús G, García-Díaz B. Activation 

of Macrophages by Lysophosphatidic Acid through the Lysophosphatidic Acid Receptor 1 as a Novel Mechanism in Multiple Sclerosis Pathogenesis. Mol Neurobiol. 2021 
Feb;58(2):470-482. doi: 10.1007/s12035-020-02130-x. Epub 2020 Sep 24. PMID: 32974731.

2. Santos-Nogueira E, López-Serrano C, Hernández J, Lago N, Astudillo AM, Balsinde J, Estivill-Torrús G, de Fonseca FR, Chun J, López-Vales R. Activation of Lysophosphatidic Acid 
Receptor Type 1 Contributes to Pathophysiology of Spinal Cord Injury. J Neurosci. 2015 Jul 15;35(28):10224-35. doi: 10.1523/JNEUROSCI.4703-14.2015. PMID: 26180199; PMCID: 
PMC4502263.

3. Gaire BP, Sapkota A, Song MR, Choi JW. Lysophosphatidic acid receptor 1 (LPA1) plays critical roles in microglial activation and brain damage after transient focal cerebral 
ischemia. J Neuroinflammation. 2019 Aug 20;16(1):170. doi: 10.1186/s12974-019-1555-8. PMID: 31429777; PMCID: PMC6701099.

4. Swaney JS, Chapman C, Correa LD, Stebbins KJ, Broadhead AR, Bain G, Santini AM, Darlington J, King CD, Baccei CS, Lee C, Parr TA, Roppe JR, Seiders TJ, Ziff J, Prasit P, Hutchinson 
JH, Evans JF, Lorrain DS. Pharmacokinetic and pharmacodynamic characterization of an oral lysophosphatidic acid type 1 receptor-selective antagonist. J Pharmacol Exp Ther. 
2011 Mar;336(3):693-700. doi: 10.1124/jpet.110.175901. Epub 2010 Dec 15. PMID: 21159750.

5. Lorrain K, Poon MP,  Broadhead AR, Edu GC, Stebbins K, Roppe J, Schrader TS, Xiong Y,  Chen A, Lorrain DS. “LPA1 receptor antagonists for remyelination in multiple sclerosis.” 
Society for Neuroscience 51st Annual Meeting. Virtual. Nov. 2021. Poster Presentation.

B

C

Fig 3A PIPE-791 inhibits microglial activation by LPA. Mouse P20 hippocampus were sliced (400µm) and transferred to slice media (minus serum, but 0.1% FAF BSA) +/- PIPE791 for
2h. 10µM LPA added and incubated 3h. Slices fixed and stained for IBA1. Vehicle treated microglia showed resting morphology. LPA treated microglia show retracted ameboid
activated microglia morphology. Microglia treated with PIPE-791 + LPA show morphology similar to vehicle treated and is significantly different from LPA treated. 3B LPS induced
neuroinflammation study design in vivo. C57bl6 mice are pre-dosed with PIPE-791 at 3mg/kg (brain receptor occupancy ED50 of 0.6mg/kg PO, EC50 unbound brain at 2nM). After 2
hours, LPS was given ip at 5mg/kg. Retina was collected for IBA1 histology 48hrs post LPS insult. Forebrains are collected 2hrs post LPS insult for QPCR analysis of inflammation
markers and protein inflammation array was performed at Eve Technologies (Vancouver, BC). 3C PIPE-791 reduces retinal inflammation caused by LPS insult. Decreased activated
microglia were present in retinas of mice treated with LPS as noted by IBA1 staining. 3D PIPE-791 significantly reduces gene expression of cytokines and chemokines involved in
neuroinflammation. 3E PIPE-791 significantly reduces neuroinflammation targets genes dose responsively. 3F PIPE-791 significantly reduces protein levels of neuroinflammation
biomarkers (Eve Technologies).
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PIPE-791, a potent brain-penetrant selective LPA1 antagonist, reduces neuroinflammation in vivo 
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PIPE-791  reduces neuroinflammation in vivo
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Fig 5A C57bl6 were pretreated with PIPE-791 or vehicle. Mice were then injected IP with FITC labeled E. coli 0.25 mL volume (0.5 mg/mL). After 2 hours, lavage using 3 mL PBS. Cells
are stained with F4/80, imaged and quantified. PIPE-791 treated mice showed equal activity to vehicle mice in FITC labeled macrophages showing that PIPE-791 did not impact
phagocytosis. 5B. Cortical cultures generated from P2 rats and plated in DMEM 10% FBS for 10 days. Microglia were mechanically isolated and plated in 96 well plates for 3days in
growth media. Media replaced with growth media containing PIPE-791 (0.1nM to 1µM) and incubated for 3h. Fluoromyelin labeled myelin debris was added to each well and
incubated for 90 minutes. Cells fixed and stained for IBA-1, imaged and quantified for IBA co-localization with fluoromyelin. Rat microglia treated with vehicle and PIPE-791 (0.1-
1000nM) showed no difference in clearing fluoromyelin debris showing that M2 microglia involved in phagocytosis are not affected by PIPE-791.
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Compound
Dose 

(mg/kg)

Days of 

Dosing
Time (h)

Plasma (µM) 

Mean 
STD DEV

PIPE-LPA1 30 qd 14 ~ 1.5 0.358 0.269

PIPE-LPA1 30 bid 14 ~ 2.0 0.762 0.891

PIPE-LPA1 100 bid 14 ~ 2.25 5.028 3.325

PIPE-791 3 mg/kg PO 4 hr 0.107 0.004

AM152 30 mg/kg PO 3 hr < 0.041 < 0.0002
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PIPE-LPA1

**p=0.0082 naive v veh
**p=0.0030 veh v 30bid
**p=0.0052 veh v 100bid
via One way  ANOVA with Dunnetts
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PIPE-LPA1

**p=0.0065 naive v veh,
**p=0.0045 veh v 30bid
**p=0.0065 veh v 100bid
via One way ANOVA with Dunnetts
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PIPE-LPA1

*p=0.0258 naive v veh
*p=0.0213 veh v 30bid
via One way  ANOVA with  Dunnetts
#p=0.0214 veh v 100bid via t-test
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PIPE-LPA1

**p=0.0045 naive v veh
##p=0.0073 veh v 100bid via t-test
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PIPE-LPA1

*p=0.0105 veh v 30bid
*p=0.0494 veh v 100bid
via  One way  ANOVA with  Dunnetts
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