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INTRODUCTION

Lysophosphotidic acid (LPA) is a lipid imflammatory mediator that is released following nerve
injury, including injury to the brain. LPA has been implicated in the development and
maintenance of pain and other deleterious sequelae to brain injury. The broad, long-term goal
of this project is to evaluate the therapeutic potential of a novel humanized anti-LPA antibody
(Lpathomab) for attenuating post-traumatic brain injury (TBI) associated pain. Thus, we are
studying the effect of Lpathomab, comparing the utility of nasal, intravenous, and
subcutaneous administration, in preventing long-term pain sequelae due to fluid percussion-
induced neurotrauma in rats.

This grant was originally awarded to LPath, Inc, a small biotech in San Diego, with Roger
Sabbadini as principle investigator. Stanford University was the primary contractor, with David
Yeomans, a Stanford Professor, as Co-PIl. Unfortunately, during the reporting period, LPath
went out of business, and Dr. Yeomans and Sabbadini requested transfer of the grant to
Stanford, and PI-ship to Dr. Yeomans. This request was made in September of 2016 to transfer
the grant as of November, 2016. However, Stanford did not receive a notice of allowance until
March, 2018. Meanwhile, LPath went out of business as of January, 2017 — and all LPath email
addresses became dead. Thus, if notices were sent to LPath for submitting an annual report,
these were not received. In the mean time, Dr. Yeomans and Dr. Sabbadini have continued to
work on the project and file quarterly reports with the idea that the funds would be
transferred. The transfer notice is included in the appendix.

KEY WORDS

monoclonal antibody, lipid inflammatory mediator, analgesia, lysophosphatidic acid



ACCOMPLISHMENTS

Goals:

Traumatic brain injury (TBI) is the most common major injury suffered by warfighters in Iraqg and
Afghanistan, and frequency results in multiple symptoms of which chronic pain is the most common.
Reviews have placed the prevalence of chronic pain following TBI at 88% in blast exposed soldiers with TBI
in OIF/OEF and 65% in non-blast exposed soldiers with TBI from the same conflicts (Gironda, 2009).
Another general review of military veterans’ medical charts places the prevalence of pain complaints at
50% in the general VA population (Clark, 2002) with 62.6% of TBI of patients reported taking narcotic
analgesics (Ponsford, 2011). Lysophosphatidic acid (LPA), a bioactive lipid which is known to be increased in
TBI and block of LPA effects using an anti-LPA antibody has been shown to provide neural protection after
TBI and to block pain after peripheral nerve injury. The broad, long-term goal of this project is to evaluate
the therapeutic potential of a novel anti-LPA antibody (Lpathomab) for attenuating post-TBI pain.

Thus, we propose to study the effect of Lpathomab, using 3 different application procedures, in preventing
long-term pain sequelae due to fluid percussion-induced neurotrauma.

Because of the availability of the specialized expertise for nasal administration in rats, we altered the
order such that we accomplished and published the results of Specific Aim 4 of the original proposal began
Specific Aim 1 of the revised SOW.

Task 2 (6-12 months): Analysis of LPA in cerebral spinal fluid (CSF). Concentration of LPA in CSF of sham and
cFP TBI rats was evaluated by ELISA assay. Two groups of animals, including 12 cFP TBI rats and 12 sham
cFP rats were anesthetized and surgically prepared for percussion injury. The 12 TBI rats underwent
percussion injury wherein the surface of the cortex is exposed to a pressure wave, the remaining 12 rats
underwent sham surgery wherein the cortex was exposed, but no pressure wave was introduced. Thirty
minutes following TBI, and while still anesthetized, the atlanto-occipital membrane was surgically exposed
and a needle introduced through the membrane for extraction of CSF which were frozen for off-line
analysis by ELISA.

Results for Task 2: CSF levels of LPA following TBI

After mild TBI, rats demonstrated significantly (p< 0.05, Student's t test) higher levels of LPA when
compared to rats that had undergone sham procedures. Average CSF concentration of LPA 30 minutes
after TBI was 4.5 (+/- 0.3 SEM) micromolar vs 1.1 (+/- 0.2 SEM) micromolar for sham rats. These values are
consistent with values we previously found for mice that had undergone nerve injury where we observed a
2.8X increase and with where we observed a 5.4 X increase at 24 hours after TBl in humans (Crack et al.,
2014).

Specific Aim 1: 1.V Administration of Lpathomab anti-LPA antibody

The experiment has four levels (dosages) of Lpathomab (2.5, 25, 50, and 100 mg/kg) and several types of
controls. Sham surgery served as an injury control and injection of a matched control antibody served as an
Lpathomab treatment control.

Task 4: V. Lpathomab Administration and Neurobehavioral assessment

Neurologic function by standard assessment and pain sensitivity by mechanical stimulation and thermal
(laser) stimulation were assessed at various times after cFP TBI or sham injury and after I.V. application of
Lpathomab or a control antibody. Thus, a dose-response relationship was determined in terms of analgesic
efficacy.



Thirty minutes after percussion injury (for TBI rats), or suture closing (for sham rats), animals were briefly
anesthetized with inhaled isoflurane. Anesthetized rats were then administered an intravenous (tail vein)
injection of Lpathomab, an equivalent amount of matched antibody, or a control solution. Lpathomab
dosage levels were based on values found to reduce pain symptoms following neuropathic injury in rats.

A. Neurological severity score
Neurological status after TBI was assessed using a standard neurological severity score described using a 12-
level test that assesses, e.g., righting reflex, hemiplegia, and loss of pinna reflex and has been shown to
correlate closely with the applied pressure. After TBI, all rats demonstrated no or only mild signs of
neurological impairment. Thus, no rats had to be excluded because of preset parameters (elevated
neurological severity score [>0]) after 1 week or with delayed emergence (>4 minutes after TBI), which would
have been indicative of higher grade TBI.

B. Mechanical Allodynia
Before the first testing session, animals (N = 6 per group) were habituated for at least 2 hours on a metal
mesh (0.5 x 0.5 cm) inside a plastic chamber. One day before TBI, rats were tested for mechanical sensitivity
using von Frey filaments (Bioseb, Chaville, France) applied to the plantar surfaces of the hind paws. Fifty
percent mechanical withdrawal thresholds to the application of a von Frey probe to the foot was calculated
by using the up-down method. To assess mechanical allodynia, an ascending series of von Frey hairs of
logarithmically incremental force (0.32-16.31 g) was applied to the midregion of the plantar surface of the
hind paw. Each von Frey hair was applied to the test area for 2 to 3 seconds, with a 1- to 2-minute interval
between stimuli. Testing was performed on post-TBl day 1, 2, 3, 5, 6, 8, 10, 12, and 14.

Figures 1a and b shows that there was no change in mechanical withdrawal thresholds for either hindpaw
following sham TBI. In addition, no effect was seen on thresholds after IV administration of 100 ug of
LT3114, control antibody, or vehicle. On the other hand, rats exposed to true TBI showed robust, bilateral
mechanical allodynia (Figures 1 c and d) as demonstrated by a significant (p < 0.05) decrease in withdrawal
thresholds. However, unlike rats that received injections of control antibody or vehicle, rats that received an
injection of 100 ug of LT3114 recovered to their pre-TBI levels of mechanical sensitivity over 8 to 10 days
following injection. This recovery of normal sensitivity was maintained at least through 14 days.
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IMPACT

What was the impact on development of the principal discipline(s) of the project?

The results of our work demonstrated that LPA levels are elevated in CSF following TBI —
indicating the presence of the target molecule in the target tissue. In addition, these
experiments demonstrated that IV application of an antibody can result in decreased pain
sensitivity following TBI. Thus, these results give additional confidence that IV or intranasal
application of anti-LPA antibody would be useful for the treatment of post-TBI pain.

What was the impact on other disciplines?
These results can impact other disciplines in that they show that Intranasal and intravenous

application of an antibody can have therapeutic effects.

What was the impact on technology transfer?
Nothing to report at this time.

What was the impact on society beyond science and technology?
Nothing to report at this time.

CHANGES/PROBLEMS

Changes in approach and reasons for change
We have changed the order of the tasks secondary to problems that arose during the previous
reporting period.

Actual or anticipated problems or delays and actions or plans to resolve them
We have run into a serious problem with the reliability of the rat TBI model. We believe that we
have fixed this problem, but it is still possible that additional delays will occur because of this.

Changes that had a significant impact on expenditures

We have delayed initiating the next round of experiments while we determine the cause of the
problem with reliability. This has caused a delay during which we have used both salary and
animals while we try to figure out the issue.

Significant changes in the use of care of human subjects, vertebrate animals, biohazards, and/or
select agents
None to report at this time.

PRODUCTS

Publications, conference papers, and presentations
We have published our work in the leading pain journal, Pain:

Eisenried A, Meidahl ACN, Klukinov M, Tzabazis AZ, Sabbadini RA, Clark JD, Yeomans DC.



Nervous system delivery of antilysophosphatidic acid antibody by nasal application attenuates
mechanical allodynia after traumatic brain injury in rats. Pain. 2017 Nov;158(11):2181-21.

Website(s) and other Internet site(s)
None to report at this time.

Technologies or techniques
None to report at this time.

Inventions, patent applications, and/or licenses
None to report at this time.

Other Products
None to report at this time.
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An updated quad chart is included as Appendix 1

APPENDICES
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Anti-Lysophosphatidic Acid Antibodies in the Treatment of Post-TBI Neuropathic Pain
MR141271 Task Title: Task 6: Test effects of Intranasal application of LPA antibody in TBI rats

W81 XWH-16-1-0098
Pl: David C. Yeomans

Org: Stanford University Award Amount: $1,446,655.00

Study/Product Aims
*Specific Aim 1: Investigate the efficacy of intravenous (I.V.)
injection of humanized anti-LPA mAb (LT3114, Lpathomab-h)
in the central fluid percussion (cFP) injury model of TBI in the
rat by measuring several neuropathic pain behaviors
following cFP TBI.
* Specific Aim 2: To determine the optimal mode of
administration by comparing effects of intravenous (1.V.)
administration, garnered from Specific Aim 1, to the effects of
subcutaneous (S.C.) or intranasal (I.N.) dosing in preventing
or ameliorating post-injury pain as well as cognitive deficits.

Approach
Evaluate the efficacy of anti-LPA antibody for protection
against post-TBI neuropathic pain: Rats will subjected to cFP
injury followed by anti-LPA antibody treatment and we will
correlate with mechanical allodynia and thermal hyperalgesia
as well as other neurobehavioral measures
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Interfering with LPA signaling will prevent white matter damage and improve
pain responses. H. Ueda / Pharmacology & Therapeutics 109 (2006) 57-77

Timeline and Cost

Activities by CY 2016 | 2017| 2018 | 2019

Investigate the efficacy of Lpathomab in
cFP model of post-TBI neuropathic pain

Determine best route of administration
(sc, iv, intranasal) and therapeutic time
window

Submit FDA and IRB approval for TBI
pain as an extension of Lpath’ s
anticipated neuropathic pain IND

Estimated Total Budget ($K, direct +

212 428 513 294
indirect)

Updated: 04/29/2019

CY16 Milestones accomplished

v/ Put animal protocols in place

¢/ Train personnel and conduct pilot in vivo studies for model

development

CY17 Goals

v/ Analyze of LPA in cerebral spinal fluid (CSF) after injury

v/ Investigate I.N. Lpathomab Administration and Neurobehavioral

assessment

v/ Investigate I.V. Lpathomab Administration and Neurobehavioral

assessment

CY18 Goals

O Investigate S. C. Lpathomab Administration and Neurobehavioral
assessment

CY19 Goals

v/ Optimize I. N Lpathomab Administration and Neurobehavioral

assessment

1 Determination of optimal administration method

Budget Expenditure to Date

Actual Expenditure: $1,155,760.01
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SECTION SF 30 BLOCK 14 CONTINUATION PAGE

SUMMARY OF CHANGES

W81XWH-16-1-0098

SECTION 00010 - SOLICITATION CONTRACT FORM

DELIVERIES AND PERFORMANCE

The following Delivery Schedule item for CLIN 0001 has been changed from:

DELIVERY DATE QUANTITY

POP 15-APR-2016 TO N/A
14-APR-2018

To:

DELIVERY DATE QUANTITY

POP 15-APR-2016 TO N/A
31-0OCT-2019

The following have been added by full text:
AWARD TRANSFER DETAILS
Award Transfer Details

PI: David Yeomans

SHIP TO ADDRESS

WO03J USA MED RESEARCH MAT CMD
WO03J USA MED RESEARCH MAT CMD
1077 PATCHEL STREET

FORT DETRICK MD 21702-5024
301-619-7416

FOB: Destination

SHIP TO ADDRESS

WO03J USA MED RESEARCH MAT CMD
WO03J USA MED RESEARCH MAT CMD
1077 PATCHEL STREET

FORT DETRICK MD 21702-5024
301-619-7416

FOB: Destination

Project Title: Antilysophosphatidic Acid Antibodies in the Treatment of Post-TBI Neuropathic Pain

P00001
Page2 of 16

DODAAC/
CAGE

W91ZSQ

DODAAC/
CAGE

W91ZSQ

1. Lpath, Inc. submitted a relinquishment statement dated 10 October 2016, incorporated herein by reference,
relinquishing this award as of 10 November 2016. Lpath, Inc. hereby relinquishes all future claims under this award.

2. There were no refund checks submitted by Lpath, Inc.

3. The total amount of this award for the full period of performance is $1,446,655

Total amount awarded to Lpath, Inc.: $269,779.26

Total amount awarded to Stanford University: $1,176,875.74

4. The entire period of performance for this award is: 15 April 2016 — 31 October 2019



W81XWH-16-1-0098
P00001
Page 3 of 16

15 April 2016 — 07 March 2018: Lpath, Inc.
08 March 2018 — 31 October 2019: Stanford University
This award incorporates an approximate 19-month extension through 31 October 2019 with no additional funds.

5. The Final Technical Report to be submitted by Stanford University shall encompass the entire period of
performance 15 April 2016 — 31 October 2019.

6. Payment Terms: Cost Reimbursement, Net 30 days.

7. The revised budget dated 16 November 2017 and the revised SOW, dated 16 February 2017,
Submitted by Stanford University is incorporated, by reference, into this award.

SECTION 00800 - SPECIAL CONTRACT REQUIREMENTS

The following have been added by full text:

U.S. ARMY MEDICAL RESEARCH ACQUISITION ACTIVITY
AWARD SPECIFIC RESEARCH TERMS AND CONDITIONS
WITH INSTITUTIONS OF HIGHER EDUCATION, HOSPITALS, AND NON-PROFIT
ORGANIZATIONS

DIVISION I - AWARD COVER PAGES

A. Award Information
1. Department of Defense Awarding Office: USAMRAA
2.  Award number/Project title: W81XWH-16-1-0098/Antilysophosphatidic Acid Antibodies in the

Treatment of Post-TBI Neuropathic Pain

3. Type of Award: Grant

Type of Award Action: Modification — Grant Transfer

5. 1. Brief description of project or program:
The DOD has solicited neurosensory research proposals to “support both applied (preclinical) research and
clinical studies assessing traumatic brain injury (TBI) within specific Focus Areas of pain management,
hearing loss/dysfunction, balance disorders, tinnitus, vision, or physical rehabilitation." The proposed
project responds to this solicitation and concerns the development of a new approach to the treatment of
acute and chronic pain that is a frequent sequel to head injury. The proposed project responds to this
solicitation and concerns the development of a new approach to the treatment of acute and chronic pain that
is a frequent sequel to head injury. The prevalence of concussions in warfighters returning from Iraq or
Afghanistan has been estimated at approximately 19.6% and the prevalence of posttraumatic craniofacial
pain were present in 37% soldiers with 27% diagnosed with chronic daily headache and central TBI
neuropathic pain. Chronic pain can contribute to psychological dysfunctions accompanying post-traumatic
stress disorder. Current therapies, such as non-steroidal anti-inflammatory drugs (NSAID), opiates, anti-
epileptics, and triptans can help some patients, but are far from universally effective and have, in some
cases, substantial side-effect and abuse potential. Thus there is an acute need for improved strategies to
prevent the development or treat existing chronic pain in civilians, war-fighters and veterans suffering from
head trauma. The literature and our preliminary evidence clearly show that lysophosphatidic acid (LPA)
plays a prominent role in nerve injury-induced pain in experimental animal models. In the CNS, LPA is
synthesized by astrocytes, choroid plexus epithelial cells and inflammatory cells and is released upon cell
activation. Its concentration within the brain increases during inflammation, clotting and neurotrauma, at
which time it likely potentiates its known roles in astrocyte proliferation, neuronal death, axonal injury and

>
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microglial activation. Our preliminary and published data indicate a specific upregulation of LPA receptors
following injury to the adult mouse central nervous system (CNS), where LPA has been shown to induce
neuronal apoptosis and to inhibit neural stem/progenitor cell differentiation along a neuronal lineage. In
addition, LPA receptors are similarly increased after human brain injury. Moreover, LPA levels are
upregulated in the CSF of TBI patients, suggesting.

ii. Funding Overview

Federal funds Co?t Total amount
Sharing
Obligated or deobligated this action $0 $0
Cumulative obligations to date, including this $1,446,655 $1,446,655
and previous actions
Planned project costs in the currently approved | $1,176,875.74 $1,176,875.74
budget through the end of the period of
performance, to include any future incremental
funding obligations
Total value, which includes any unexercised $1,446,655 $1,446,655
options for which amounts were established in
the award
6. Obligation/Effective Date: 15 April 2016
7. Period of performance: 15 April 2016 — 31 October 2019
8. Authorities: This award is made under the authority of 10 U.S.C. 2358.
9. Catalog of Federal Domestic Assistance Number: 12.420-Military Medical Research and Development
10. Project Performance Information:

i This award is for research and development. Construction activities under this award are not
authorized. (Reference Department of the Army Pamphlet 420-11, dated 18 March 2010, for the
definition of construction activities.)

il. Statement of Work and Budget: The revised Statement of Work (SOW) dated 16 February 2017
and the revised budget dated 16 November 2017 for your application submitted in response to the
Fiscal Year 2014 DoD Clinical and Rehabilitative Medicine Research Program/Joint Program
Committee 8, Neurosensory and Rehabilitation Research Award Program Announcement (Funding
Opportunity Announcement Number W81 XWH-14-CRMRP-NSRRA, which closed 11 February
2015) are incorporated herein by reference. You may rebudget allowable costs in accordance with
applicable cost principles and in accordance with the prior approval requirements as stated in this
award. Additional terms and conditions applicable to this award are in Division II and Division III.

iil. The following terms and conditions are incorporated herein by reference:

a. Division III - USAMRAA Addendum to the DoD R&D General Terms and Conditions
available at http://www.usamraa.army.mil/Pages/Resources.aspx.

b. The DoD R&D General Terms and Conditions (September 2017), available at
http://www.onr.navy.mil/Contracts-Grants/submit-proposal/grants-proposal/grants-terms-
conditions.aspx.

iv. These USAMRAA Award Specific Research Terms and Conditions are in addition to the terms and
conditions incorporated above. Any inconsistencies in the requirements of this award will be
resolved in the following order:

a. Federal statutes
b. Federal regulations
c. 2 CFR part 200 with amendments, as modified and supplemented by DoD’s interim
implementation found in 2 CFR part 1103
. Division II - USAMRAA Award Specific Research Terms and Conditions
e. Division I[II - USAMRAA Addendum to the DoD R&D General Terms and
Conditions
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f.  DoD R&D General Terms and Conditions (September 2017)

\2 Grants Administration Office

Grants Specialist: Christopher Meinberg

Phone: 301-619-2657

Email: christopher.l.meinberg.civ@mail.mil

Assistance Agreement Branch Email: usarmy.detrick.medcom-usamraa.mbx.aal @mail.mil

V. Grants Officer’s Representative

Congressionally Directed Medical Research Program Office
Phone: 301-619-7071
Email: usarmy.detrick.medcom-cdmrp.mbx.cdmrp-reporting@mail.mil

B. Recipient Information
1. Unique Entity Identifier: 009214214
2. Recipient Business Name and Address: The Leland Stanford Junior University
3. Name and Title of Authorized Representative: Natalic Muzzio
a. Phone: 650-724-0907
b. Email: muzzio@stanford.edu
4. Principal Investigator and Organization: David Yeomans
a. Phone: 650-725-5864
b. Email: dcyeomans@stanford.edu
5. Recipient’s Indirect Cost Rate at the Start of the Performance Period:
57%., Predetermined, MTDC, 02 August 2016
Negotiation Agency: Department of the Navy

83%, Predetermined, Animal Care, 02 August 2016
Negotiation Agency: Department of the Navy

C. Additional Information:

1.  Award Modification: The only method by which the award may be modified is by a formal, written
modification signed by the USAMRAA Grants Officer. No other communications, whether oral or in writing,
are valid to change the terms and conditions of this award. Awards will<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>