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Abstract Thermal Stability

Adeno-associated virus (AAV) vectors have emerged as the leading platform for delivering
gene therapy to the heart to treat genetic diseases. However, due to challenges associated
with manufacturing scale up and long-term storage, AAV can be prone to degradative,
aggregative and adsorptive loss which can negatively impact the purity, potency and quality of
the final drug product. Additionally, conventional drug product formulation excipients, such as
phosphate and acetate, can have negative effects on heart function, which limit the options for
excipient selection.

Using rational design, Tenaya Therapeutics, Inc. has developed a robust formulation for AAV
that is stable under different storage temperatures and stress conditions. The formulation is
photostable and supports in-use conditions including multiple freeze-thaw cycles and is
compatible with devices for both intravenous and local delivery via cardiac catheters. It is
expected that this novel formulation will greatly enhance clinicians’ ability to deliver AAV viral
vector drug products to patients suffering from genetic heart diseases.
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Background

Developing a suitable formulation for the delivery of AAV gene therapy to cardiac tissue
presents unique challenges as most excipients commonly used in systemic delivery, when
delivered locally, can cause electric imbalance to cardiomyocytes and potentially result in
serious adverse events (SAES). To select an appropriate buffer for the unigue demands of
delivery to the heart, it must support the manufacturing process, remain stable for short- and
long-term storage, and in-use in a clinical setting. Aggregation, Vector Genome (Vg) /Capsid
titer (Cp) loss, photostability, thermal stability and infectivity and/or in vitro expression are key
data points to consider when testing different stress conditions on the drug product.

Excipient Systematic Local Delivery Excipient Systematic Local Delivery
Delivery Delivery
Magnesium stearate v Sodium lactate v v
Potassium Chloride v X Potassium vV v
Phosphate
Calcium Chloride v X Sodium Acetate vV v
Sodium Gluconate v X Sodium Chloride v v
Sodium Bicarbonate v Magnesium Sulfate v v

THERAPEUTICS
Tenaya Therapeutics, Inc. South San Francisco, CA . Correspondence: jwoods@tenayathera.com

Systemic Delivery

The thermal stability of capsid two was tested in three formulation buffers with varying amounts surfactant and - : - _
. . . . . » . Vg Stability Capsid 2 2b: 2c: Addition of anticoagulant
anticoagulant. The Melting Temperature (Tm) of capsid two remained consistent for all the conditions tested. 2a: . e s b b s e b
- : x oz £ Loz ko
T (] o n © o n ©
1: = Image 1: All the conditions 2 .. . Image 2: Sample ° . ) - A Anticoagulant
: = assessed were comparable e Evaluation and Stability of ] —_ e Control
with the melting point we  FUll FAAV1—rAAVO-gfp = e
at ~78 +/- 1.0°C for both 08 / i and rAAVrh.10-gfp £ _ % e 7
Boltzmann and first & nvs Packaging the green c>m < M
s—r— derivative fit of the data é 0.6 / i fluorescent protein (GFP), CTJ | E
* 04 aav? Vectors in PBS from = '*;
y Aavs (Bennett, et, al, Molecular | > 7
| —aave Therapy: Methods &
0 bl A vt Clinical Development, _ - AL | , , ;
5 A 2017 ). g N v > o
N o X X 19 N N v 2
@ @ & f{@\q/ & I A
Q)Q Q)\s‘r\ S Q)\} S The image above is the SDS-PAGE of three ¥ ©
Q Q buffers after the longest stress conditions.
Local Delivery
2d:  Systemic Delivery 2e: g : : of- - :
: : : : C . : : ystemic Delivery : Systemic Delivery - i
To ensure that the drug product is stable in the selected formulation buffer through dosing, the proposed injection equipment } tiaps'g zﬁVg Stag'“tyl‘;‘_’als tﬁsltgd for
and procedure was tested for both a systemic and local delivery method. Testing of Vg titer for absorptive loss, size exclusion ree butlers and mutiple no
: o : : _ -~ conditions graph 2a. Vg titer 2b.
chromatography (SEC) for aggregation, and in vitro potency for the affect of the dosing system on material was performed. 2 - ~ Capsid degradation by SDS-PAGE
. . . . . . —_ = E . . )
These data points were compared to the total Vg delivered through the system over the course of the theoretical injection. % i g s 2c. Effects of Anticoagulant: Additional
. Low Dose Capsid 1 1b: _ _ _ _ S _ = = data of capsid 2 with the addition of
la P High Dose Capsid 1 le: Local Delivery mRNA expression percent of control = ER = anticoagulant was tested for Vg titer
7 _ - = | 2 A 2d-2f. The systematic delivery device
1 250.0% ™ was tested at varying points along the
N _ ° B N NN - - injection.
- Y \
£ - E 2o &S S L& eS
> % ¢ QJQ QQ QQ NS S S Q}Q Q}Q Q}Q &
@ ; 150.0% /\ \ —e—Catheter A, 640K MOI SIS ’Q(Q.((\(qu < SR <§o6\b%
(= E 8- Catheter B, 640K MO QJQO\ QQO\
] 100.0% Catheter A, 160K MOI &\6\ ,<\<Q
Catheter B, 160K MOI
- 50.0% = I
N Photostability
> & Q)o‘{\ Q)S»{\ N 0.0% . . .
@ @ control  samplel sample5 sample 10 3a: Vg Photostability 3b: SEC Photostability 2o Infectivity Photostability
1c: Local Delivery 1g.  Local Delivery - - .
>
— = j _ — g
Graph 1a and 1b display the Vg titer changes under E 2 9
~ m - ) o HE
£ = $|r1:f:rcehn;:t(;r;ang\e/ a?i?e];r(':lirzc?stsh:vr\fofgli Iaot ct;,\\ll(;glci)vseer& " \f’ é ?>) It is important that material is tested after it is exposed to multiple
ED £ shown in gra n 1gc The SEC percent monomer is y £ < | = freeze thaws or to excess light. All the conditions tested were
— S grap - ~ P = - 2 evaluated for decrease in Vg titer (3a), increased aggregation(3b), and
9 = tested for the local delivery in graph 1d. mRNA C
= o : . : in vitro potency(3c).
= S expression was tested and normalized to the control in
> 7 n \
graph le. (\\\O\ 6\}@ 60@ ) S 06\)@ 60@
O
. B < Uy OAQ}Q R
QIS N & S &
& & \(,\59 \&q - & &S S <<’\@ & N
QOQ Q° QO QO QO\(\ @) (QQ’Q {Q@Q (QQJQ @QO N &K@' Y &@
SRR, AT ATRS § §

Results

Four buffers were evaluated at different concentrations for two capsids. Vg and capsid degradation, thermal stability, and aggregation were used to select a formulation buffer suitable for additional testing across the platform. Capsid 1 Vg titer by gPCR showed a significant
decrease during the freeze thaws in buffer 2 at both concentrations. Buffer 1 and buffer 4 for capsid 1 showed a decrease in titer by gPCR for single freeze thaws in the high concentration group. Aggregation was not observed in any of the conditions for either capsid 1 or 2.
Thermal stability for the capsid was not changed based on the formulation buffer and remained within 1C of the literature value. Anticoagulant or surfactant concentration added to the formulation buffer did not affect the stability of both capsids.

Conclusion

Buffer 1 and buffer 2 both contained components considered non ideal (phosphate and acetate respectively) for heart function. Buffer 4 did not have comparable stability to buffer 3 after initial screening. Buffer 3 was identified as the ideal formulation for use in the manufacture
of Tenaya’s gene therapies based on lack of aggregation, Vg and capsid stability. This buffer also contained no excipients known to impact heart function. After determining that buffer 3 was the ideal formulation, additional compatibility tests were performed that were specific to
stress, storage and dosing conditions. Photostability and device compatibility did not show any negative impact to the product. Data supports buffer 3 as the best formulation for the Tenaya Therapeutics platform and for future products.
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