ReciBio

Pharm

Next Gen rAAV Production - A Scalable Platform
to Revolutionize Gene Therapy Manufacturing

ReciBioPharm has developed a robust and scalable rAAV production platform, yielding rAAV8 at a concentration
>2.0E15 GC/L and achieving greater than 40% full capsids at harvest, some of the highest reported yields so far using
transient tfransfection. The introduction of a novel transfection enhancer and optimization of various upstream process
parameters has allowed us to increase rAAV yield and % Full capsids by greater than 20-fold and 3-fold, respectively,
over traditional transient transfection processes. We have employed a design of experiments (DOE) methodology

to identify optimized transfection conditions including cell density, enhancer concentration, DNA amount, and DNA

to transfection reagent ratio, resulting in additional enhancement of rAAV yield and quality. In addition, we have
demonstrated our capability fo successfully scale-up this process using single-use bioreactor systems.

The development of this robust and scalable platform offers a promising and innovative approach to enhance rAAV
manufacturability, offering increased yield, reduced cost, and an acceleration of the drug development timeline.

AUTHORS

The use of recombinant adeno-associated virus (rAAV) is a key
method for DNA delivery to target cells in patients, with over

100 companies working on rAAV in some capacity. Depending Chris Brown

Senior Scientist, Viral Vector

on numerous factors such as the target disease and route
Process Development

of administration, typical doses can range from 5 x 1088 GC/
eye to 1x 1014 GC/kg. The higher dosing strategies can
prove challenging for some companies or institutions to be

able to target specific diseases or maintain a broad portfolio
of targets. While triple-transfection methods are among

the more expensive production processes, their flexibility in
product generation and streamlined development timelines
can allow for a truly established platform capable of delivering
multiple products. Development of a scalable, high-producing
upstream platform for AAV generation is paramount for
treating more patients with fewer batches. The need for

fewer batches in turn reduces manufacturing costs, therefore
offsetting the costly transfection plasmids and transfection
reagent. We demonstrate here our capability to scale-up a
variety of different upstream conditions including different
capsid serotypes, transfection reagents, and transgene lengths
with comparable harvest yields and quality. In addition, we
demonstrate the scalability of this HEK293-based upstream
process from shake-flask to 50L scale, while generating harvest
yields >1.0x 10" GC/L with >40% full capsids.

Yeonji Kim
Senior Research Associate
- Bioprocessing

Xiaojun Liu
Director, Process &
Analytical Development




Next Gen rAAV Production - A Scalable Platform to Revolutionize Gene Therapy Manufacturing

INTRODUCTION

Recombinant adeno-associated virus (rAAV) vectors are a commonly
used tool to deliver therapeutic payloads for gene therapy applications.
Nonetheless, the manufacturing process for these vectors can pose
significant challenges.

Depending on numerous factors such as the target disease and route
of administration, typical doses for rAAV therapies can range from 5.0E8
genome copies (GC) per eye for low-dose ophthalmic treatments to

1.0 x 10" GC/kg and beyond for high-dose systemic treatments. These
higher doses can prove challenging for many companies or institutions
to produce on their own, especially when the target diseases have
broad patient populations. There is a critical need to expedite the
development and optimization of rAAV manufacturing processes to
meet this growing demand.

Developing a scalable, high-producing, and consistent upstream
platform for rAAV generation is paramount. With a highly productive
process, fewer batches would be needed to meet the required
demand. Fewer batches, in turn, reduce manufacturing costs by
reducing the amount of raw material needed, including plasmid DNA
and transfection reagent. In addition, running fewer, larger batches
reduces GMP suite time and shortens overall manufacturing timelines.

Using targeted one-factor-at-a-time (OFAT) studies, as well as
multivariate design-of-experiments (DOE), ReciBioPharm has
developed a robust rAAV manufacturing platform that is applicable
across a wide range of serotypes and genome sizes commonly seen in
clinical development today. This advanced platform, producing rAAV8
titers of >1.6E15 GC/L with >407% full capsids, will allow ReciBioPharm to
help meet the needs for viral vectors in the market today.

PLATFORM OVERVIEW

To-date, ReciBioPharm’s internal rAAV platform development has
focused on transient transfection of HEK293 cells. While transient
transfection methods are among the more expensive production
processes due fo their expensive raw materials, their flexibility in
product generation and their ability fo reduce development timelines
allows for the development of a true platform capable of delivering
multiple products, quickly.

In addition to this internal platform, ReciBioPharm offers tech-transfer
capacity for customer processes based on alternative rAAV production
systems including Sf9-Baculovirus based methods and producer cell
lines (Figure 1).

ANALYTICALTESTING

The product quality of rAAV vectors is critically important, especially

in a clinical context. ReciBioPharm has leveraged our extensive
experience with analytical development (AD) and quality control (QC)
for advanced therapy medicinal products (ATMPs) to develop off-
the-shelf rAAV analytical methods. ReciBioPharm'’s AD and QC teams
are available to tailor all in-process and release assays to customer-
specific requirements and needs.

Figure 1. Current AAV Production platform
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PLATFORM DEVELOPMENT

One-Factor-at-a-Time (OFAT) Studies

ReciBioPharm'’s initial rAAV process development included
experimentation to determine the optimal cell line for rAAV production
(data not shown). Following this, four commercially available
transfection reagents were evaluated for their ability to produce rAAV8
with a standard eGFP reporter fransgene. Using DDPCR (BioRad)

and Stunner (Unchained Labs) as analytical readouts, Reagent C and
Reagent D were determined to have the highest fiters of the reagents
tested (Figure 2). In addition to this high titer, Reagent D’s simplified
procedure resulted in noticeable time savings over the other reagents,
making it our reagent of choice.

Media and Feed Screening

To determine the versatility and adaptability of our process to various
culture conditions, we used our chosen cell line and reagent to produce
rAAV8/eGFP when adapted to four different commercially available
HEK293 media, with or without two commercially available feed

supplements (Figure 3).

Figure 2. An example of an OFAT study designed to evaluate various transfection reagents to produce rAAV.
A: Viable cell density via NC-202. B: % Viability via NC-202. C: DDPCR titer and Stunner % Full data. N=3.
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Transfection Enhancers Table 1. Enhancer 2.0’s effect on various serotypes,
In addition, two commercially available transfection enhancers were compared to Enhancer 1.0
assessed for inclusion in our platform. The titer and % full results of this
testing can be seen for rAAV8 and rAAVE below (Figure 4 A, B). The fold Serotype Titer Fold Change % Full Fold Change
improvement seen between Enhancer 1.0 and Enhancer 2.0 can be
seen in Table 1 for all six serotypes tested. Apart from rAAV2, Enhancer AAV1 21X 2.4X
2.0 increased rAAV titer by gn Gver.’oge of 2.6-fold 9ver Enhonceﬂ'.O. . AAV2 o @i 18X
Enhancer 2.0 showed the highest improvement with rAAV8, resulting in
a 3.6-fold increase in fiter over Enhancer 1.0. AAVS 2.8X 2.6X
AAVE 2.8X 2.3X

% Full also improved with the addition of Enhancer 2.0, with an average
2.3-fold increase over Enhancer 1.0. rAAV8 again showed the highest AAVS 3.6X 27X
increase, 2.7-fold. Based on this data, Enhancer 2.0 was chosen for

AAV9 1.8X 21X

inclusion in our platform moving forward.

Figure 4. Two transfection enhancers were evaluated with reagent D for their ability to boost rAAV production.
A: DDPCR titer and Stunner % Full data, AAV8. N=2. B: DDPCR titer and Stunner % Full data, AAV6. N=2.
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Design-of-Experiments (DOE) Studies Figure 5. An example of two contour plots (A: Titer, B: % Full)
Multiple DOE studies were also undertaken to optimize transfection generated following a two-factor DOE analyzed in Minitab. Using
parameters. Factors studied included cell density, DNA amount, DOEs like this one, optimum values for factors including cell density,
reagent:DNA ratio, and enhancer concentration, among others. DNA amount, reagent:DNA ratio, and plasmid ratio were found.
Samples were analyzed for Titer (DDPCR) and % Full (Stunner) and the
DOEs were analyzed to determine optimized transfection conditions. An 5A 5B

example of one DOE which was created and analyzed in Minitab, can
be seen in Figure 5. These DOE studies demonstrate ReciBioPharm's
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SCALE-UP

Initial scale up of our transfection process without Enhancer 2.0 to 3L optimization and the infroduction of Enhancer 2.0, we scaled our
shake flasks was successful, followed by further successful scale-up process up fo the 50L pilot SUB. At this scale we achieved successful
to the Biostat B 2L SUB from Sartorius. Cell growth data and titer data cell growth and a titer of >1.6E12 GC/mL (Figure 7), demonstrating
for these runs can be seen in Figure 6. Following further small-scale successful fransfer of our process to pilot-scale.

Figure 6. VCD (A), % viability (B), and yields (C) of AAV8 (blue) and AAV9 (red) were examined in 125 mL
flasks (pattern-filled) and 3L flasks (solid-filled). Further scale-up to the 2L SUB: VCD (D), viability (E), and
AAVS yields (F) of 2L SUB (blue), Day -1 satellite flask (red), and Day 0 satellite flask (green).
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Figure 7. Pilot-scale rAAV production (AAV8, eGFP) was conducted in the Sartorius 50L Biostat Gen3. VCD (A), %

Viability (B), cell diameter (C), and transfection efficiency (D) can be seen for the 50L SUB (green), an independent
satellite control (blue), a satellite control transfected using the same transfection mix as the 50L SUB (red), and a post-
transfection satellite control (purple). A comparison of titer and % Full capsids (E) shows that both titer and % Full are
maintained when scale is increased from 125mL flask (blue) to 3L flask (red), 2L bioreactor (green) and 50L SUB (purple).
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PLATFORM APPLICABILITY

Serotype

To demonstrate the broad applicability of our platform, twelve
commonly used rAAV serotypes were evaluated head-to-head fo
determine productivity and vector packaging (Figure 8).

All serotypes were packaged using our optimized platform process with
our standard eGFP GOI, using Reagent D + Enhancer 2.0.

All serotypes evaluated demonstrated adequate titer and % Full capsids,
which would only increase with targeted optimization for
each serotype.

Figure 8. ReciBioPharm’s transient transfection platform is
applicable across a wide range of rAAV serotypes.
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CONCLUSIONS

Genome Size

To demonstrate the applicability of our platform to genomes of varying
size and composition, several gene-of-interest (GOI) constructs were
tested head-to-head. These GOls varied in size from 2499 to 5919bp,
allowing us to also explore the packaging of oversized genomes
(Figure 9).

Using primers specific to either ITR or promoter (CMVE) targets, the
impact of genome size on titer can be observed. As expected, titer
drops off significantly for oversized genomes.

Figure 9. ReciBioPharm'’s transient transfection platform is
applicable across a wide range of rAAV genome sizes.
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» The use of a novel transfection enhancer and optimization of various
upstream process parameters has allowed us fo increase rAAV yield
and % Full capsids by greater than 20-fold and 3-fold, respectively,
over a fraditional transient transfection process using PEI.

> This platform has been validated through testing across multiple
rAAV serotypes and across multiple clinically relevant transgenes of
varying size. This robustness will allow for rapid implementation of
any client program.

» A comprehensive panel of rAAV analytical assays has been
developed to support ReciBioPharm's platform and process
development, up to GLP manufacturing. These assays allow for
robust characterization of our rAAV and help to fine-tune our
process. Further assays are in development to enhance our process
knowledge.

» We have successfully scaled our process to the benchtop 2L
bioreactor and further to the 50L Pilot SUB, generating harvest yields
>1.6E15 GC/L with >40% full capsids and a fotal yield of >7E16 GC
from a single 50L SUB. This high upstream yield and high product
quality has been demonstrated using several capsid serotypes,
transfection reagents, and transgenes, demonstrating the broad
applicability of our platform.

» The high titer of our platform offers an opportunity for cost savings
via reduction in either the size of bioreactor batches or in the number
of batches per campaign. This reduced manufacturing cost can have
a significant impact in reducing the cost per dose for promising rAAV
therapies.

» ReciBioPharm's best-in-class rAAV platform is scalable, consistent,
high-producing, and ready to help support the market’s need for
gene therapy vectors.



About us

ReciBioPharm, a division of Recipharm, is a contract development and manufacturing organization (CDMO) specifically established

to focus on serving companies seeking to develop and commercialize advanced therapy medicinal products (ATMPs). ReciBioPharm'’s
specialized CDMO capabilities include pre-clinical to clinical and commercial development and manufacture for new biological modalities
encompassing fechnologies based on live viruses and viral vectors, live-microbial biopharmaceutical products, nucleic acid-based mRNA
and plasmid DNA production. Led by a management team and technical experts with a proven track record in both process development
and contract manufacturing, ReciBioPharm offers the knowledge and resources necessary to help customers develop and manufacture

promising new therapies to meet the needs of patients across the world.
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