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SYMPOSIUM OVERVIEW:

We presented our first Biomere West Coast Preclinical Research
Symposium at the JOINN Innovation Park in Richmond CA on

April 11, 2022. Mark Nedelman, our CEO, moderated the inaugural
event. Dr. Guangping Gao, set the stage with a comprehensive
review of gene therapy that included detailed insights into a successful
clinical program for Canavan'’s disease. The second speaker,

Dr. Harriet Kamendi, shared valuable insights into safety studies
required for IND submissions. The next two speakers, Dr. Vito Sasseville
and Dr. Mark Milton, covered various modalities for ophthalmic
diseases and shared useful considerations for designing nonclinical
safety studies in the area. The final speaker, Dr Michael Do, presented
inferesting research on two circuits that are important for visual acuity
and light sensing. The symposium concluded with a panel discussion
that centered on two topics: the importance of nonhuman primates
(NHPs) in cell and gene therapy studies and specifically ocular
studies, and the requirement to suppress the immune system prior

to administering gene therapies.

Mark Nedelman
Biomere CEO
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CURRENT GENE THERAPY TRENDS

Dr. Guangping Gao, PhD | Professor in Biomedical Research
University of Massachusetts Medical School

Short Bio

Dr. Gao is the Co-Director of the Li Weibo Institute for Rare Diseases Research, Director,
Horae Gene Therapy Center and Viral Vector Core, Professor of Microbiology and
Physiological Systems, Penelope Booth Rockwell Professor in Biomedical Research at
the University of Massachusetts Medical School. Dr. Gao has focused on molecular
genetics and viral vector gene therapy of rare genetic diseases over his 30-year career,
and has co-founded several companies including Voyager Therapeutics, that focus on
developing AAV gene therapeutics for rare diseases.

Presentation Summary

In this engaging presentation, Dr. Gao provides an overview of current trends in gene
therapy starting with the definitions of in vivo gene therapies and ex vivo modification
of patient cells. His research has focused on the in vivo administration of adeno-associated
virus (AAV) that has several desired characteristics and is used as a gene therapy delivery
system in 13 different disease areas, including diseases of the central nervous system
(CNS). The presentation focused on the application of AAV gene therapy in CNS and
metabolic diseases and highlighted four major areas - viral vector engineering, manu-
facturing and QC, vector immunogenicity and the need for large animal models to
evaluate gene therapies.

One of the major areas of interest is capsid engineering that can be done through
natural evolution, directed evolution and rational engineering. Directed evolution using
capsid surface translational panning is the most popular approach where a PCR based
methods is used to generate novel capsid protein sequences). In silico design and
machine learning based methods are also emerging approaches to engineer capsids.
An example of successful high throughput natural sequence selection of capsid proteins
was the identification of a novel AAV2 variant (v66) that had increased CNS tropism
(13x) and showed sustained expression of AAV delivered transgene both constitutively
and with rapamycin induction.

Gene therapy includes four major approaches: gene replacement, gene therapy, gene
addition and gene activation. An example of successful gene replacement is Canavan’s
disease that has a metabolic defect which causes accumulation of NAA (N-acetylas-
partate) in white matter resulting in significant neurological issues in children. A gene
therapy approach was developed to systemically deliver AAV9 across the blood brain
barrier (BBB) to deliver a transgene encoding the missing enzyme to break down NAA
in neuronal cell mitochondria. A clinical trial on a single 2-year-old child with Canavan'’s
disease showed high efficacy with good safety profile and most importantly, the child is
alive today with a good quality of life.

Vector immunogenicity is a big issue with gene therapies. The mechanism of the immune
system reaction to viral vector administration has been studied in some detail. Innate
immunity kicks in first with acute toxicity in response to circulating AAV followed by
type 1 interferon response, IgM and IgG response followed by complement activation



and endothelial activation. There are therapies available to manage innate immunity
acute responses that occurs in days.

The adaptive immune response includes cytotoxic T-cell response and the development
of neutralizing antibodies. One approach to reduce the adaptive immune response is
to design the transgene expression cassette to include APC (antigen presenting cells)
specific microRNAs (miRs) that reduce antigen presentation. The miRs are expressed
exclusively in APCs and form the RISC (RNA induced silencing complex) that degrades
the transgene transcripts in APCs thus reducing the adaptive immune response. Another
AAV related toxicity is neurotoxicity in dorsal root ganglia (DRG) that can also be
managed via miR defargeting.

NHPs (nonhuman primates) have more translational value than rodents for gene
therapy using multiple AAV serotypes including AAV3, AAV8 and AAV9. NHPs are
primarily used for safety studies, but due to lack of disease state NHP models, ef-
ficacy studies are not typically performed. However, there are exceptions and one
example of the use of large animal models is the evaluation of gene therapy for maple
syrup urine disease. The gene therapy studies started in cell lines, continued in mouse
models and eventually to a bovine model. This disease is fatal if left untreated and the
current therapies are either dietary restrictions to reduce branched amino acids or liver
transplants. In this gene therapy approach, AAV9 was used to deliver E1alpha and
Elbeta subunits of branched-chain Bketoacid dehydrogenase complex (BCKDH) via
systemic intravenous administration in a naturally occurring cow model of maple syrup
urine disease. The disease phenotype was successfully reversed in the bovine model.

RNA based therapies can be broadly classified as RNA editing, RNA silencing and read
through therapy to reverse premature translational termination. AAV based therapies are
used to relive premature translation termination by delivering suppressor tRNAs.
Suppressor tRNA differs from normal tRNA by one nucleotide and a library of suppres-
sor tRNAs can be developed for different amino acids. It is important to note that the
efficacy is typically determined by the delivery efficiency and not the tRNA binding.

A successful example of this approach was shown in MPS Type | where suppressor
tRNA reads through UAG premature stop codon in alpha-l-iduronidase (IDUA) gene
that codes for an enzyme required for the breakdown of GAGs (glycosaminoglycans).
The gene therapy was tested in the Hurler mouse model of MPS | where there was an
increase in IDUA enzyme activity and corresponding decrease in GAGs after virus
administration.
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BEST PRACTICES NAVIGATING THE IND PROCESS

Dr. Harriet Kamendi, PhD | Consultant

Short Bio

Dr. Kamendi is a consultant working with private companies on chemical risk assessment.
She started her career at AstraZeneca where she served as a study director for multiple
projects aimed at developing a combined model for screening new drug compounds.
After 5 years at Astra Zeneca, she started consulting on environmental chemical risk
assessment for private companies and for the state of Maryland. Dr. Kamendi joined
Emergent Biosolutions in 2015 where she served as the resident toxicologist and non-
clinical development manager. She received her PhD in pharmacology from Howard
University and completed postdoctoral training at George Washington University.

Presentation Summary

In this presentation, Dr. Kamendi shares key inputs for an IND submission since there
are no established best practices for IND submissions. The objective of nonclinical drug
development is to identify the right patient population for the right drug with the right
properties dosed at the right dose and time. The first step that needs to be completed
before drug product development is building the target product profile (TPP) sheet.

The main characteristics of the TPP are: product description including mechanism of
action, indication of choice, patient population (gender, age etc.) clinical pharmacology
(safety and PK profiles), dosing and administration, and marketability that includes
reach, competitors, alternatives and market penetration. Some of the other key consid-
erations are efficacy including physical properties of drug that can help narrow down
the compounds to move forward with, in vitro & in vivo ADME, secondary pharmacology
including organ specific toxicology. An example of in vitro ADME is the evaluation of
drug metabolism in hepatocytes or microsomes from various species including humans,
NHPs, dogs, rats, mice and, if available, mini pigs. This data will help drug develop-
ers identify which animal model closely resembles human drug metabolism including
ADME and pharmacokinetics. Drug distribution studies are required to understand
where the drug tends to accumulate in the body. Tolerability is important especially for
systemic delivery routes including intravenous, intframuscular, subcutaneous or topical
delivery. Target meditated toxicity involves short term and long-term toxicity studies to
identify the sweet spot for efficacious dosing and acceptable toxicity. Lastly, secondary
pharmacology studies identify off target binding and cardiovascular effects mediated

by hERG and other ion channels.

Non-GLP toxicology programs typically require clinical observations of drug effects
with macroscopic examination of organs in 2 species. Safety pharmacology including
cardiovascular assessment, respiratory assessment and CNS assessment should be
done before GLP tox studies, so data from non-GLP tox and safety pharmacology stud-
ies are used to plan GLP toxicology studies. In the event that a drug needs to be dosed
more than once, repeat dosing studies require clinical dosing at specific duration
and evaluation of tolerance at administration site along with immune toxicology and
reproductive toxicology. Genotoxicity is the assessment of chromosomal damage and
are critical data to ensure that the program can move into the clinic without major
liabilities. It is important to note that once the pharmacology and toxicology studies
are completed, the IND can be filed but nonclinical studies including carcinogenicity
studies, abuse liability studies etc. will need to continue. Specifically, for systemic and
local administration of gene therapy, it is necessary to evaluate the systemic effect of
the transgene before proceeding with full toxicology studies.
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THE DESIGN, CONDUCT, & INTERPRETATION
OF NONCLUNICAL OPHTHAIMOLOGY STUDIES
ENSURING REGULATORY SUCCESS

PART ONE: LOW MOLECULAR WEIGHT MOLECULES & BIOTHERAPIES

Dr. Vito Sasseville,
DVM, PhD, Dipl. ACVP | PCS Therapeutic Area Head, Ophthalmology

& NITD, Novartis Institutes for BioMedical
Research

Short Bio

Dr. Vito Sasseville is currently the Preclinical Safety Therapeutic Area Head for Ophthal-
mology and the Novartis Institute for Tropical Diseases. He joined the Novartis Institutes
of Biomedical Research as Global Head of Discovery Pathology in 2011 after working
at Bristol-Myers Squibb and Millennium Pharmaceuticals (Takeda) in the Drug Safety
groups. Dr. Sasseville received his D.V.M. from Tufts University and Ph.D. from The
University of Connecticut. He obtained board certification in Anatomic Veterinary
Pathology and conducted his postdoctoral research and served as an Assistant Profes-
sor in the Department of Pathology, Harvard Medical School investigating the molecular
mechanisms of Simian Immunodeficiency Virus-induced encephalitis before transitioning
to industry.

Presentation Summary

In the first presentation on nonclinical ophthalmology studies, Dr. Sasseville focused

on key considerations for low molecular weight therapies. Over 2 billion people have
vision impairment globally caused by several diseases including cataracts, dry eye
disease, diabetic retinopathy, glaucoma and age-related macular degeneration.
Age-related macular degeneration (AMD) has discrete stages — early (offen asymptomatic),
intfermediate and late (10% develop wet or neovascularized or dry). About 90% of
AMD patients end up with vision loss. 5 approved therapies are available for wet AMD
that target VEGF. Wet AMD is multi-factorial and treatments vary depending on underlying
causes but it is important fo note that there are no approved therapies for dry AMD.
Dry eye disease is also multi-factorial and multiple therapies are available. Another
class of diseases that cause vision loss are inherited retinal diseases and over 250
genes have been implicated in disease development.

There are multiple routes of administration for ocular therapies and intravitreal admin-
istration is the most common, while intracameral is preferred for low molecular weight
therapies. Topical, subconjunctival and suprachoroidal are other routes for low molecular
weight therapies while subretinal delivery is preferred for gene therapies. Approved
ocular drugs include several modalities including antibody fragments, fusion proteins,
aptamers, small molecules (for glaucoma and dry eye disease) and gene therapies.
Preclinical safety studies for ocular therapies include 4 major studies: identification of
relevant animal model species, routes of administration, study duration and frequency
of dosing. The standard approach of 2 non-rodent species is used such as rabbit and



NHP or rabbit and dog. For biotherapeutics, NHPs may be the only option as rabbits
show high immunogenicity. Two routes of administration are tested including the
preferred ocular route that will be used in the clinic and systemic administration.

The duration of the study should match or exceed clinical trial duration and are
typically 6-9 months studies while systemic studies can can be shorter (1-3 months).

The frequency of dosing will be determined by whether clinically effective dose exceeds
toxicology dose but max clinical dose should be met or exceeded if possible.

Endpoints in ocular studies focus on structural and functional assessments including
examination of eye structures, measurement of retinal thickness & intraocular pressure,
and imaging endpoints. However, preclinical endpoints may no translate to the clinic
as typical clinical endpoints are visual acuity measurements. Ocular toxicity caused by
systemic delivery are uncommon, but can be a major hurdle if observed as side effects
can include cataracts, edema, degeneration and neuritis. Localized toxicology in the
ocular region is common and needs to be analyzed to understand the causative factors.
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THE DESIGN, CONDUCT, & INTERPRETATION
OF NONCLNICAL OPHTHAIMOLOGY STUDIES
ENSURING REGULATORY SUCCESS

PART TWO: GENE & CELL THERAPIES

Dr. Mark Milton, MSc, PhD | Global Head Gene Therapy Therapeutic
Areaq, Novartis Pharmacokinetic Sciences

Short Bio

Dr. Mark Milton is the Global Head of the Gene Therapies Therapeutic Area in the
Pharmacokinetic Sciences Department at Novartis where he oversees the immunogenicity,
biodistribution, and shedding of Gene Therapies. Prior to joining Novartis in Jan 2009,
Mark worked at GD Searle, Millennium Pharmaceuticals, and Tempo Pharmaceuticals.
At Novartis Mark has provided leadership in ocular PK/IG, the PK/PD/IG of Biologics,
and Gene Therapies. He was the past-chair of the BioSafe PKPD EWG, a member of
the BioSafe LC, IQ Board of Directors, a member of the AAPS pre-existing antibody
and Immunogenicity Risk Assessment Working Groups, and was the BIO observer to
the ICHS3A Q&A WG. Mark received his undergraduate degree in Biochemistry

and Soil Science from UCNW, Bangor, master’s degree in Toxicology and Ph.D.

in Biochemical Toxicology from the University of Surrey, England.

Presentation Summary

In the second presentation on nonclinical ophthalmology studies, Dr. Milton focused
primarily on in vivo gene therapies. The ideal target cell for gene therapy is a slow
dividing cell to maximize the presence and therapeutic effect in target cells as it is
challenging to get sufficient gene therapy into target cells with acceptable side effects.
Gene therapies for ocular diseases typically use AAVs that are delivered intravitreally



or subretinally. Cell therapies can be encapsulated in a device that can be implanted
intravitreally but this has had limited success. Some important CMC considerations are
the dose concentration, low endotoxin levels, minimal empty capsids and particulate
matter and ensuring that the fransgene is compatible with the viral vector delivery system.

The FDA has published guidance for inherited retinal diseases that can be applied for
other ocular diseases. Ocular gene therapies are typically dosed once so it is critical
to use the right dose using a reasonably efficacious and safe route of administration
while identifying and mitigating toxicity. There are few good pharmacology models to
test gene therapies for ocular diseases and it is important to remember that NHPs do
not mount an immune response to AAV capsids. Biodistribution studies are required to
assess the distribution, persistence and clearance of the viral vector and evaluate trans-
gene expression levels at site of administration and systemically in the blood.

The distribution of vectors is somewhat predictable: vectors delivered to ocular tissues
concentrate in the ocular and CNS tissues and have low systemic concentrations.
Consequently, viral shedding should be evaluated in tears but that may not be possible
in some animal models. Tox studies for gene therapies should have a duration of

6 months and evaluate dose range, route of administration and measure clinically
relevant endpoints.

The overall nonclinical plan should be lean, follow 3Rs and don’t necessarily do things
out of an abundance of caution. Dr. Milton presented an interesting case study on the
evaluation of an AAV8 vector carrying the RLBP1 transgene that highlighted the key
considerations for nonclinical studies.

Lastly, there are some active investigator-initiated cell therapy studies that are not
under the FDA oversight but it is important to note that cell therapies are likely going
to be recognized as foreign in animal models so studies will need to be done in
immunosuppressed models that may not be physiologically relevant.
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VISUAL SPECIALZATIONS WITHIN & ACROSS SPECIES

Michael Tri Do | Associate Professor, Harvard Medical School
and Boston Children’s Hospital

Short Bio

Dr. Michael Do is an Associate Professor at Harvard Medical School and Boston
Children’s Hospital. Mike obtained his PhD in Neurobiology at Harvard Medical
School and completed his post-doctoral training at Johns Hopkins University in 2011.
The research focus of Dr. Do’s lab is to understand how light drives visual perception
and the setting of the internal body clock.

Presentation Summary

In this basic science presentation, Dr. Do discusses the key role of intrinsically photo-
sensitive retinal ganglion cells (ipRGCs) to process light signals and highlights the tri-
stable states of melanopsin pigment that is critical for the circadian clock and nonimage
vision.

Image vision recognizes objects and nonimage vision to sense overall light intensity
for circadian function, sleep, pupillary and hormonal regulation. Rods and cones
express visual pigments that initiate downstream signaling in response to light resulting
in an electric response that is transported to retinal ganglia cells through the optic
nerve. ipRGCs process light either through rods and cones or independent of rods
and cones to transmit signal to drive pupil dilation, circadian clock, melatonin
expression, photophobia, pain etc. and the ablation of ipRGCs removes most light
responsive functions. Melanopsin has 3 states — melanopsin R (only state in darkness),
metamelanopsin M (active state) and extramelanopsin (E) and, at any given time,
there is a mix of melanopsin states. Melanopsin is required to manage responses to
light and is expressed in multiple animals including lower species like fishes. The various
melanopsin activation states have clinical implications to manage the circadian clock
in dark settings.

Humans and primates have highest visual acuity and contrast resolution and this is due
to the fovea that is only present in humans and primates. The fovea is located in the
center of the macula where there is a high density of cones that degenerate in AMD.
Therefore, replacement of foveal cones in age related macular degeneration could be
an option for cell therapies.



OPHTHAIMOLOGY DISCUSSION PANEL
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Dr. Mark Milton, Dr. Vito Sasseville, Dr. Guangping Gao, Dr. Michael Tri H. Do

RIGHLGHTS OF THE PANEL DISCUSSION

Panelists: Guangping Gao, Vito Sasseville, Mark Milton, Michael Tri H. Do

The panel discussion covered a few interesting topics: the importance of NHPs in
drug development and ocular studies, the need to suppress the immune system prior
to administering gene therapies and the importance of adopting new technologies
to advance gene therapies.

The key discussion points around the use of NHPs are summarized below:

* The cost and availability of NHPs is impacting drug development. In the past
2 years, costs have quadrupled and the origin of the models can have an impact
due to differences in seropositivity levels and transduction efficiency.

* Published literature suggests that the source of NHP models does matter and natural
history studies need to be done before using NHPs from different origins.

® |t is preferable not to mix animals from different sources in a specific study.

e |t will be important to rethink about the study design using NHPs and perhaps
consider reduced dosing.

* One option is fo administer the IdeS enzyme to cleave IgGs prior to AAV administration
to create a window where there is reduced immunogenicity. However, it is possible
that pre-existing anti-AAV antibodies can be redistributed in response. Additionally,
IdeS may not work in monkeys, so an ortholog for the currently available enzyme
may need to be used



* Another consideration is that NHP colonies may be too clean resulting in low
antibody titers so for some studies wild caught animals may be more suitable.

* It is not advisable to treat NHPs with steroids prior to performing proof of concept
studies, but it is common practice to prophylactically administer steroids out of an
abundance of caution. This is typically not required for ocular studies.

A summary of the responses to an audience question: how translatable are
NHP data to humans?

* There are some qualitative similarities between macaque and humans that are not
there in other species. Macular degeneration studies can only be done in a species
that has a macula. can be difficult to find orthologs between rodents and macaques
for specific cell types.

* If a test article is highly toxic in NHP models, it won’t go into the clinic so we won't
know if that is a false signal. The type of test article (small molecule vs biotherapeutic
vs gene therapy), route of administration and the inife and necropsy & histopathology
observations are key inputs in determining if the drug will move into the clinic. If the
degree of inflammation is very over, then the drug would not go into the clinic.

A summary of the responses to an audience question: does immunosuppression
by prophylactic steroids enhance innate immunity to AAV treatment?

e Use of steroids are not immunosuppressive but it may impact innate immune
response without affecting the humoral response. If you want to suppress treatment
induced immune response, then rituximab will need to be used but that is heavy and
dose is not clear.

* Ocular studies do not have any immunomodulation. However, every CRO has SOPs
on veterinary intervention when inflammation is too high. If there is a marginal
call, sponsor has to discuss with lab veterinary staff to balance ethics and need to
get therapies to patients and decide if animals need to be taken down from the
studies. If animals respond well o steroid pretreatment, that is good news for patients.

A summary of the comments in response to an audience question: what are the
applications of new and emerging technologies - imaging and MS in ocular studies?

* Techniques like MALDI have been mentioned in presentations. In gene therapies,
distribution is done based on PCR but | am pushing towards MALDI. The advantage
is that can look for capsid and transgene expression. Using technologies to look at
distribution at the cellular level will be critical as tissues will have heterogeneous
distribution within a specific organ.

* For many gene therapy companies, new technology called MERFISH that is single
cell RNA sequencing coupled with 2D localization. This is similar to MALDI at the
mRNA level.

* The field needs to stop doing traditional methods and invest more time in new
techniques and framing questions better.



