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IsoTag™AAV: an innovative,
scalable & non-chromatographic
method for streamlined

AAV manufacturing
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Ashutosh Chilkoti, Michael J Dzuricky & Kelli M Luginbuhl

Demand for gene therapies capable of treating previously inaccessible targets has risen pre-
cipitously in the past decade. Adeno-associated viruses (AAVs) are the preferred vector for
gene delivery because of their favorable safety profile and tissue tropism, but they have
significant manufacturing challenges, with end-to-end yields as low as 10-30%. To combat
these low yields, we developed IsoTag™AAYV, a novel purification technology for AAV that is
a departure from the chromatographic paradigm in downstream processing. This proprietary
technology uses a self-scaffolding recombinant protein reagent that can improve manufac-
turing yields. It enables purification by cost-effective and scalable filtration processes and
improves product quality with minimal optimization. Herein, we describe the development
of IsoTag™AAV, provide a head-to-head comparison to industry-leading affinity chromatog-
raphy (evaluation carried out through a joint research project with Capsida Biotherapeutics),
and demonstrate how it can reduce cost of goods for a clinical AAV program by 25%.

Cell & Gene Therapy Insights 2022; 8(10), 1287-1300
DOI: 10.18609/cgti.2022.190

INTRODUCTION these therapies rely on recombinant versions
The recent acceleration of the gene therapy in- ~ of naturally occurring viruses that have signif-
dustry has created hope of curing patients of ~icant drawbacks in terms of their safety pro-
once seemingly incurable diseases. However, file and manufacturability compared to the
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previous generation of protein-based biolog-
ics [1-4]. Adeno-associated virus (AAV) is the
most widely used vector for gene therapy be-
cause of its superior safety profile. However,
low AAV expression titers, highly inefficient
purification, and an evolving regulatory land-
scape are slowing development and casting
doubt on the commercial feasibility of gene
therapies. Regulatory and social develop-
ments are also increasing the pressure on gene
therapy companies to deliver affordable prod-
ucts with additional attention to quality, safe-
ty, and efficacy. The industry is in desperate
need of more efficient and scalable methods
to accelerate development, alleviate manufac-
turing bottlenecks, and improve global access
to these life-saving therapies.

The industry has taken several approaches
to address the AAV bottleneck. By engineer-
ing cells, the industry hopes to improve viral
titers, thereby reducing the reactor volume
required for each dose [5-7]. Other research-
ers are seeking to improve the potency by en-
gineering the capsid to have more desirable
tissue tropism or engineering the promoter
for higher or tissue-specific payload expres-
sion. Both solutions are attempts to reduce
the required dose and thereby the respective
production volume per dose. Finally, there
has been a brute force effort worldwide to im-
prove capacity by scaling out manufacturing
capability.

New or expanded manufacturing facility
announcements have frequented the headlines
in the past several years. Billions of dollars
have been invested in increased viral vector
manufacturing capacity. Despite these ef-
forts, the downstream bioprocessing segment
has seen little improvement and a dearth of
innovation. The lack of standardization and
low yielding unit operations result in major
inefficiencies and time-consuming develop-
ment, leading to costly clinical campaigns [8-
10]. Aflinity chromatography — currently the
dominant methodology to purify AAV — was
invented for small molecules that are 10,000X
smaller and less complex than AAV [11]. It is
not well suited for large, complex, and frag-
ile viruses under development today. This has
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contributed to the inefficiencies, supply-de-
mand imbalance, and high cost of goods in
the cell and gene therapy industry.

IsoTag™AAV is a technology that was de-
veloped with the unique needs of viral vectors
in mind. The technology is a major departure
from the current bioprocessing paradigm,
leveraging the phenomenon of liquid-lig-
uid phase separation that was evolved over
billions of years ago by nature to perform
complex cellular separations [12-13]. While
traditional unit operations enable target bi-
ologic purification by either size or affinity
interaction, the IsoTag™AAV technology con-
solidates both mechanisms into one simple,
elegant process.

TECHNOLOGY

The IsoTag™AAV technology combines the
principles of affinity capture with liquid-lig-
uid phase separation. This is achieved with
a proprietary fusion protein comprising an
AAV-specific aflinity ligand and a stimu-
lus-responsive biopolymer fused together at
the gene level and produced recombinantly
as a single fusion protein. Stimulus-respon-
sive polymers are a class of macromolecules
that undergo liquid phase separation with
an external environmental trigger, such as
temperature, salt, or pH [14]. Thermally-re-
sponsive polymers include many families of
materials that undergo a phase transition
in response to changes in temperature and
have been studied for their use in a variety
of biomedical applications such as drug de-
livery and tissue engineering [15-19]. With
scalable manufacturing of AAV in mind, the
IsoTag™AAV reagent’s biopolymer compo-
nent has been engineered to undergo phase
transition at ambient temperature with ma-
nipulation of salt concentration. The phase
separated IsoTag™AAV reagent is fully revers-
ible, returning to a small, fully soluble protein
by lowering the temperature or lowering the
salt concentration of the solution.
IsoTag™AAV reagents offer an innovative
approach to AAV purification. Highly specific




affinity for AAV can be toggled on and off
by manipulating solution conditions, such as
pH and salt, that affect the ligand’s binding
affinity (Kd) to the AAV capsid. The effective
size of the virus-IsoTag™ complex can be ad-
justed in situ by orders of magnitude (22 nm
to >1000 nm) through the reversible phase
separation phenomenon and its bound or
unbound state.

Purification of AAV with this reagent is
depicted in the schematics of Figure 1. When
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added to cell culture harvests, the affinity li-
gand portion of the IsoTag™AAV reagent spe-
cifically binds the AAV capsids. Salt is then
added to the solution, triggering lower crit-
ical solution temperature (LCST) phase sep-
aration. In this state, the IsoTag™AAV forms
large, micron-scale coacervates containing the
bound AAYV, sequestered and protected from
contaminants. The AAV-containing coacer-
vates can be separated from the bulk harvest
through centrifugation by pelleting the dense,

—» FIGURE 1

(A) Schematic of the IsoTag™AAYV process with density-mediated capture. Using centrifugation,
the AAV is scavenged from the harvest media. (B) Schematic of the IsoTag™AAV process with
size-mediated capture. Using microfiltration, the AAV can be captured and concentrated in the
retentate of a TFF hollow fiber. Using buffer exchanges, the AAV can be purified in the retentate
and then eluted from the IsoTag™ reagent and collected in the permeate. (C) Flow chart of steps
in a traditional AAV downstream process compared to a downstream process using IsoTag™AAV
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protein-rich droplets, or through microfiltra-
tion (TFF) by retaining the large droplets
while harvest media and contaminants are
eliminated as waste through the filter perme-
ate. The pelleted or retained capsid-contain-
ing IsoTag™AAV droplets can then be resolu-
bilized by lowering the solution’s temperature
or salinity. The AAV capsid is then dissociat-
ed from the IsoTag™AAV reagent by lowering
the pH of the solution to disrupt the binding
of the affinity ligand. The phase transition is
once again triggered by the addition of salt;
however, in this elution environment, the un-
bound AAV remains in solution and is not
pulled into the coacervates. Now unbound,
purified AAV can be separated from the Iso-
Tag™AAV droplets using the same methods as
the capture step.

The IsoTag™AAV approach to purification
offers many benefits compared to existing af-
finity resins. The technology combines two
unit operations typically present in down-
stream AAV purification — a TFF step for
concentration and buffer exchange plus an af-
finity chromatography step. Our process also
eliminates ancillary pain points associated
with the current downstream structure, such
as column packing and associated failures,
long loading times, and scalability of TFF
unit operations. In total, the IsoTag™AAV
technology saves time and costs by improving
total yield through unit operation reduction.
Importantly, the IsoTag™AAV TFF process is
based on harvest volume, not titer, and can
therefore be scaled up linearly by simply in-
creasing the filter surface area proportionally
to feed volume. This allows for simple execu-
tion and scale-up across a variety of pipeline
molecules. It also makes the process indepen-
dent of upstream performance, allowing for
significant flexibility while also accommodat-
ing improvements from upstream without
changes to the downstream process.

IsoTag™AAV is a recombinant protein re-
agent that can capture AAV, followed by se-
questration — and separation from other con-
taminants — in stable, surfactant-free droplets
that are highly enriched in virus. This elimi-
nates the requirement of a solid scaffold (e.g.
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resins, beads, membranes, monoliths) entire-
ly, creating two important consequences: first,
it eliminates the chemical conjugation step
that is used to manufacture an affinity ma-
trix, and second, it completely eliminates the
mass transport factors that are intrinsic and
limiting to heterogeneous separation process-
es such as affinity chromatography. Although
technologies, such as membranes, fibers, and
monoliths, avoid the mass transfer limitations
of traditional packed beds, their adoption has
been largely limited to flow through mode
operations with jon exchange rather than af-
finity-mediated capture-elute mode.

The IsoTag™AAV reagent can be produced
in a single synthesis step in E. coli for fast,
straightforward manufacturing. The use of
this expression system allows us to leverage
existing recombinant protein manufacturing
infrastructure for simple production at var-
ious scales and various quality grades from
research to GMP. As the recombinant pro-
tein reagent itself is <50 kDa, it can also be
supplied as a fully sterile product in aqueous
buffer, thereby eliminating the need for haz-
ardous storage chemicals and opening up op-
portunities for fully closed processing.

The IsoTag™AAV process was first validat-
ed with the centrifugation format at small
scale (1mL) to screen feed stream compatibil-
ity and to optimize process buffers. During
this evaluation phase we determined basic op-
eration parameters for the IsoTag™AAV pro-
cess and confirmed broad serotype compati-
bility to AAV vectors of serotype 1, 2, 6, 8, 9,
rH10 & PHP.B (Figure 2B). The IsoTag™AAV
capture and elution was then transitioned to
a small-scale TFF process (0.2 L) using clar-
ified AAV9 lysate. Next, the scalability of
the process was evaluated with 1 L and 8 L
batch volumes by increasing TFF filter area,
but keeping all other parameters identical,
including volumetric loading, shear rate, and
flux. Finally, the performance of this process
was evaluated by a leading gene therapy com-
pany by splitting a batch of cell culture har-
vest and running IsoTag™AAV TFF purifica-
tion in parallel with their industry standard
process. The two processes were compared
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—» FIGURE 2

process.
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(A) Percentage of AAV9 captured by IsoTag™AAV centrifugation process for various feed
streams (n = 3). (B) Percent capture of different AAV serotypes using small-scale centrifugation

Error bars represent standard deviation of the mean.
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head-to-head for productivity, yield, and
quality. Based on these results, a detailed
model was created to explore the value of
IsoTag™AAV if it were implemented in larger
scale clinical campaigns.

RESULTS

IsoTag™AAV reagent was successfully cloned,
expressed in E. coli in a shake flask format
and purified. After successful development
of expression and purification methods in the
shake flask format, the manufacturing was
scaled to 2 L and 10 L bioreactors. Reagent
purity was confirmed with SDS-PAGE (Fig-
ure 3).

Initial proof-of-concept for AAV9 cap-
ture and elution was performed in a small-
scale centrifugation format. The capture for
each sample was determined by comparing
the AAV titer of the capture supernatant to
the titer of the starting cell culture harvest to
determine the percentage of AAV retained
in the capture pellet. The elution percentage
was determined by comparing the titer of the
neutralized, eluted AAV to the titer of the
starting cell culture harvest.
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Repeated centrifugation testing with Iso-
Tag™AAV demonstrated ~95% capture of the
AAV9 present in cell culture harvest and re-
sulted in an elution yield of ~80% (Figure 4).
The same small-scale capture format was used

—» FIGURE 3
SDS-PAGE of IsoTag™AAV reagent ex-
pressed and purified from E. coli.
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—» FIGURE 4

Percentage of AAV9 harvest captured and eluted using
IsoTag™AAV centrifugation method by qPCR.
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n = 3, error bars represent standard deviation of the mean.
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to screen capture and elution from different
AAV9 feed streams to determine compatibility
of IsoTag™AAV with harvests of various titers,
as well as samples that had undergone various
lysis and clarification protocols (Figure 2A).

In the centrifugation format, IsoTag™AAV
capture and elution was found to be compati-
ble with starting titers ranging from 4 x 10° to
1 x 10" ve/mL (Figure 2A). IsoTag™AAV per-
formance was also evaluated with commonly
used lysis buffer components and was found
to be compatible with up to 1% Tween and
0.5% Triton X-100. However, addition of
EDTA to the lysis buffer negatively impacted
capture by IsoTag™AAV. In the centrifugation
format, IsoTag™AAV capture was found to be
compatible with material treated with benzo-
nase concentrations ranging from 5 U/mL to
50 U/mL as well as harvest supernatant that
had not undergone any nuclease treatment.

Based on these data, we expect optimiza-
tion efforts for IsoTag™ capture conditions to
be minimal, and any wash and elution buf-
fer optimization to follow similar design of
experiment models currently employed for
chromatographic processes today to maxi-
mize yield and contaminant removal for each
molecule.

The IsoTag™AAV capture and elution pro-
cess was transitioned into a more scalable TFF
format using Spectrum hollow fiber filters and
a KrosFlo KR2i system (Repligen Corpora-
tion). Through evaluation of various hollow
fiber options, filters with a 0.2-micron pore
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size, 0.5 mm lumen, and 20 cm effective
length were found to yield efficient and re-
producible capture. Although testing has not
been exhaustive, initial screening experiments
demonstrate that flat sheet formats also appear
to be compatible, though may require some
additional optimization to match the current
hollow fiber performance detailed herein.

Additional TFF runs were completed to
establish a baseline protocol, which employs
6000 sec! shear rate, ~-50 LMH flux, and 6
wash buffer diavolumes (DVs). Evaluation of
elution conditions identified a bulk addition
step of cold elution buffer (100 mM glycine,
pH 3.0) with the permeate valve closed. This
resolubilizes the IsoTag™AAV droplets and re-
leases the captured AAV, after which MgCl,
is added to 0.6 M concentration to re-trigger
the phase transition. A 10X concentration
of the retentate followed by 8 elution DVs
(100 mM glycine pH 3.0, 0.6 M MgCl,) pro-
vided the highest yields. The total processing
time for capture, purification, and elution was
~4 hours. Contaminant removal throughout
the TFF process resulted in highly pure AAV
that was recovered during elution with min-
imal loss during the flow-through and wash
steps (Figure 5).

The IsoTag™AAV TFF process was scaled
up from 0.2 L to 1 L and 8 L scales by linearly
and proportionately increasing the filter area
to keep volumetric loading of the feed con-
stant. The permeate controlled flux was also
kept constant at all volumes. The resulting
runs had nearly identical processing times of
~3.5 hours.

As the process was scaled up with the
same harvest material, the TMP profile im-
proved, indicating that overall performance
is improved as the process scales (Figure 6),
hypothesized to be due to better flow paths
and fluid dynamics across larger fiber bun-
dles. The capture by IsoTag™AAV was con-
sistent at each scale with average captures of
96.6% and 98.2% by qPCR and total capsid
ELISA, respectively. The total elution yield
for the process across each scale was 75.3%
and 74.7% by qPCR and ELISA, respectively
(Figure 7A). It is also worth noting that the
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—» FIGURE 5
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SDS-PAGE gels of fractions taken throughout the TFF process to show: Left: purity of sam-
ples with silver staining and Right: presence of AAV capsids with an anti-AAV (VP1, VP2, VP3)
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majority of the AAV that was not recovered
during elution is found in the retentate. Loss-
es to the permeate during capture and wash
steps are approximately 5%, and additional
yields of AAV may be achieved by further op-
timization of elution process parameters.

Log reduction values (LRVs) for host cell
protein (HCP) and host cell DNA (HCD)
were quantified using a HEK HCP ELISA
(Cygnus) and Quant-iT PicoGreen dsDNA
Assay (Thermo Scientific), respectively. HCP
and HCD contaminants in the clarified lysate
feed are significantly reduced by IsoTag™AAV
at all scales, with LRVs averaging 4.1 for
HCP and 3.8 for HCD (Figure 7B).

Next, to externally validate the technology,
the performance of IsoTag™AAV was eval-
uated in a collaborative effort with Capsida
Biotherapeutics, a gene therapy company that
is engineering novel capsids for improved
gene therapies. Capsida compared Isolere’s
baseline process to a standard AAV9-specif-
ic affinity chromatography method (Table 1).
TFF-based purification with IsoTag™AAV re-
sulted in 80.3% yield by ddPCR and ~100%
yield by total capsid ELISA. By comparison,
the affinity chromatography process yielded
61.2% by ddPCR and 62.6% by total capsid
ELISA. As assessed by CE-SDS, the purity
of AAV by Isolere’s process was 99% whereas
the AAV purity by the standard chromatog-
raphy process was only 88%. Dynamic light
scattering showed no appreciable differences
in final product size or aggregation. Finally,

Cell & Gene Therapy Insights - ISSN: 2059-7800

AAV eluted from IsoTag™AAV compared to
AAV purified by affinity chromatography
had superior clearance of HCP and HCD.

These results serve as external validation of

—» FIGURE 6
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—» FIGURE 7

(A) AAV9 capture and elution percentages with Iso-
Tag™AAV TFF across 0.2 L, 1 L and 8 L scales by gPCR (vg)
and total capsid ELISA (cp). Percentages are based on total
AAV?9 present in cell culture harvest prior to TFF. (B) Log
reduction values (LRVs) for host cell protein and host cell
DNA contaminants using the IsoTag™AAV TFF process at
0.2L,1Land 8 Lscales.
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the IsoTag™AAV technology, showing similar
results to those generated internally, as well
as promising performance when compared to
an industry leading process.

The promising results at 1 L scale with Cap-
sida prompted the development of a highly
sophisticated model in collaboration with Bio-
pharm Services to better understand the po-
tential impact of the IsoTag™AAV technology
at clinical and commercial scales. Two process
models were developed to holistically under-
stand differences in end-to-end production of
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AAV with an industry standard process (TFF
plus affinity chromatography) compared to one
where both steps are replaced by IsoTag™AAV.
Each process was modeled using a 200 L reac-
tor volume, assuming a 12-month single bio-
reactor campaign, lell vg/mL titer, 10% full
capsid percentage, 1el7 cp/L resin capacity, a
1 x 10" vg dose, and single use technology for
all process and support equipment.

The modeling shows that IsoTag™AAV
leads to ~28% lower cost of goods per dose
of AAV purified. This is primarily driven by
the increased yield of the IsoTag™AAV pro-
cess compared to the affinity process and
reduced time of operation, leading to lower
labor costs (Figure 8). Even assuming 10X re-
use of an affinity resin, which could be ex-
pected for commercial manufacturing, the
IsoTag™AAV process is still cost competitive
with single-use implementation, which serves
to further streamline operations and reduce
the risk and operational complexity that is
incurred by resin reuse. Further cost reduc-
tion potential of the IsoTag™AAV technology
through regeneration and reuse testing and
validation is ongoing.

CONCLUSIONS

As demonstrated herein, IsoTag™AAV is a
promising technology for improving and
streamlining the manufacturing of AAV. It has
the potential to accelerate the development of
therapies by reducing the time spent optimiz-
ing and scaling a process. Furthermore, this
technology could profoundly impact the com-
mercial feasibility of therapeutics by improving
overall productivity per batch and harmoniz-
ing scale up from the bench to the clinic and
beyond. Compared to industry-leading meth-
ods, IsoTag™AAV provided a more streamlined
process with higher yields, higher purity, and
equivalent or better contaminant removal.
As a process that is performed on the basis
of volume rather than titer, IsoTag™AAV has
the ability to accommodate major improve-
ments in upstream virus production and to
also accommodate upstream changes between




—» TABLE 1
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Summary of key metrics from a head-to-head study conducted at Capsida Biothera-
peutics, Inc. comparing AAV purification with IsoTag™AAV TFF versus TFF plus affin-

ity chromatography.

Process time (h) 3 5

Yield (vg %) 80% 61%
Yield (cp %) 118% 63%
Purity (CE-SDS %) 99% 88%
Diam (nm) / PDI / Peak % 28 nm /0.05/ 100% 27 nm / 0.05/ 100%
TCID 50 3.6 x 10° 9.3x10°
(vg/IU)

HCP 4.9 4.1
(LRV/dose)

HCD 4.3 3.7
(LRV/dose)

batches or pipeline molecules with ease. While
AAV is the first application of this technology,
IsoTag™ has broad potential to become a highly
enabling, first-in-class manufacturing solution
for advanced therapeutics. Isolere is actively
developing reagents for lentivirus and mRNA,
among other complex biologic modalities.

METHODS
IsoTag™AAV production

The gene encoding the IsoTag™AAV fusion
protein was cloned using recursive direc-
tional ligation by plasmid reconstruction
(PRe-RDL), as described by [17]. The plas-
mid containing the gene of interest was then
transformed into E. coli competent cells for
expression and fermentation. Fusion protein
was produced in shake flasks and purified to
>90% purity for testing. 10-25X stock solu-
tions of the reagent were made using both
Beer’s law calculation from their absorbance
at 280 nm, as well as precise weights of lyo-
philized protein powders.

Centrifugation capture screening

Small volume screening of IsoTag™AAV cap-
ture was conducted using a centrifugation
format. These experiments were performed
using 1 mL of cell culture harvest in triplicate

Cell & Gene Therapy Insights - ISSN: 2059-7800

for the following serotypes: AAV1, AAV2,
AAVG6, AAVS, AAV9, AAV PHPB and AAV
th10. IsoTag™AAV was added to each 1 mL
aliquot to a 1X concentration to bind the AAV.
A 5 M sodium chloride stock was then added
to a final concentration of 0.6 M, with mixing,
to trigger the phase separation of the biopoly-
mer. The samples were centrifuged at 13 krpm
for 10 min at room temperature to pellet the
AAV-containing IsoTag™ coacervates. The su-
pernatant, containing soluble contaminants
from the cell culture harvest and any uncap-
tured AAV, was removed and saved for anal-
ysis by ITR2 qPCR and total capsid ELISA.
Elution buffer (100 mM Glycine, pH 3.0) was
added to the pellets and left rotating in a cold
room for ~1 h to resolubilize the IsoTag™AAV
by reversing the phase transition, while the
low pH buffer dissociates the AAV from the
IsoTag™. Magnesium chloride was then add-
ed to a concentration of 0.6 M to trigger the
phase separation of the IsoTag™. After a final
centrifugation step at 13 krpm for 10 min at
room temperature, the eluted AAV remains
in the soluble fraction. This pure, eluted AAV
was transferred to a new tube, neutralized with
1 M Tris pH 7.5, and saved for analysis.

AAV lysis & clarification

Harvest containing rAAV9 was produced
by culturing HEK cells in suspension with
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—» FIGURE 8

Cost breakdown per dose when implementing IsoTag™AAV
process compared to an affinity-based process modeled
after the Capsida comparison study.
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The current IsoTag™AAV process could improve yield and lower cost
per dose by >25% and this new process remains COGs competitive
as a single use technology, even against 10X reuses of the affinity
resin.

a triple plasmid transfection method. Clari-
fied lysate was used for the process develop-
ment and scale-up of the IsoTag™AAV TFF

purification process. Frozen AAV9 harvest

material was thawed and lysed using 0.5%
Tween-20 and incubating for 15-30 min.
The lysed harvest material was then nuclease
treated by adding 2 mM MgCl, and 5 U/
mL Benzonase and incubating at 37 °C for
1-2 h. Pluronic acid was then added to the
lysate to a concentration of 0.01% to prevent
AAV adsorption to tubing, containers and
filter surfaces, and the lysate was then clari-
fied using a MilliPore MilliStak DOSP uPod
depth filter. Sodium chloride was then added
to the clarified lysate to a concentration of
0.6 M and the material was filtered with a
0.2 pm bottle-top filter.

IsoTag™AAV TFF process
development & scale up

The IsoTag™AAV TFF process was devel-
oped on a Repligen KrosFlo Kr2i system
using Spectrum Hollow Fiber filters set up
as shown in Figure 9. The process was run
using a PendoTECH lab scale process vessel
with a conical bottom and low point drain
with a stir bar. The hold-up vessel was placed
on a stir-plate on the feed scale of the Kr2i
system. An auxiliary pump was used to run
the system in permeate control mode at a set
permeate rate while another auxiliary pump

—» FIGURE 9
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was used to feed bulk harvest material into
the hold-up vessel at an equal rate to main-
tain a constant hold-up volume. A back pres-
sure valve was used to maintain a constant
pressure of 10 PSI on the retentate line. The
cross-flow rate of the system was set to main-
tain a 6000 *' shear rate and the permeate
rate was set to maintain a 50-60 LMH flux
rate.

For the 0.2 L process scale, a Spectrum
C02-P20U-05-N (0.2 um pore size, 0.5 mm
ID, 23 c¢m total length, 28 cm? surface area)
hollow fiber filter was used with size 16 tub-
ing for the recirculation loop and size 13
tubing for the permeate line. The system
was flushed with a 0.6 M NaCl buffer pri-
or to filtration. A 25x concentrate solution
of IsoTag™AAV was added to 10X final con-
centration in 20 mL of the clarified lysate,
prepared as described above. IsoTag™AAV
was added to a 1X concentration to the re-
maining lysate volume. The 20 mL of lysate
combined with 10X IsoTag™AAV was added
to the hold-up vessel, while the bulk harvest
was placed in a feed reservoir connected to
the hold-up vessel with size 16 tubing and
an auxiliary pump. The system was run in a
concentration-diafiltration (C-D) mode with
a concentration factor (CF) of 1 (to maintain
a constant hold-up volume) and 16 diafiltra-
tion volumes (DV) to process the clarified
lysate in a continuous fed batch setup. The
cross-low rate was set to 45 mL/min and,
once the backpressure valve had achieved a
constant 10 PSI pressure on the retentate
line, the permeate flow was started at a rate
of 0.3 mL/min and slowly increased until
a flux of 50-60 LMH was achieved. Once
the entire volume of clarified lysate had been
added to the hold-up vessel via the diafiltra-
tion auxiliary pump, a wash buffer contain-
ing 20 mM Tris pH 7.5, 0.6 M NaCl, 0.01%
pluronic acid was added to the feed reservoir.
The diafiltration process was continued until
6 DV of wash buffer had passed through the
permeate line. Samples were taken from the
capture flow-through and wash fractions for
analytics, the remaining capture and wash
permeate was discarded.
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Following the capture and wash process,
80 mL of elution buffer (100 mM Glycine
pH 3.0, 0.01% pluronic) that had been
chilled on ice was added directly to the hold-
up vessel containing the captured AAV and
IsoTag™. The addition of the cold, low-salt
elution buffer resolubilized the IsoTag™AAV,
while the low pH dissociated the AAV from
the ligand. The system was set to recirculate
at 45 mL/min with the permeate line closed
to allow thorough and complete solubiliza-
tion and elution of the IsoTag™AAV. After
5 min of recirculation, 14 mL of 5 M MgCl,
was added to the hold-up vessel to a final
concentration of 0.6 M to trigger the phase
separation of the IsoTag™ once more and the
solution was allowed to recirculate for an ad-
ditional 10 min. The permeate line was then
reopened and the system was run in C-D
mode with a CF of 10 and 8 DVs.

During the concentration step, the hold-
up volume was concentrated 10X to a final
volume of ~11 mL while unbound AAV
in solution was passed through the perme-
ate line. Following the elution concentra-
tion, 8 DV of elution buffer containing salt
(100 mM Glycine pH 3, 0.6 M MgClz,
0.01% pluronic) was used to wash remaining
free AAV into the permeate. The permeat-
ed elution material was neutralized by add-
ing a volume of neutralization buffer (1 M
Tris, pH 7.5) equal to 10% of the fraction
volume. Neutralized elution fractions were
collected and the bulk eluted material was
pooled. The elution pool was concentrated
and buffer exchanged into DPBS, 0.01%
pluronic using Pierce PES Protein Concen-
trator tubes (Thermo Scientific).

The TFF process was scaled up to 1 L and
8 L using D02-P20U-05-N (140 c¢cm?) and
S02-P20U-05-N (1000 cm?) hollow fiber
filters respectively (Repligen Corporation).
Scale-up studies were performed using AAV9
material from the same 20 L cell culture har-
vest batch that was stored at -80 °C. The ma-
terial was thawed and prepared using the lysis
and clarification process listed above. The 1 L
scale up run utilized size 16 tubing for the re-
circulation loop, permeate line and feed line.
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The crossflow rate was set to 225 mL/min to
maintain 6000 ' shear rate and the perme-
ate rate was started at 4.4 mL/min and slow-
ly increased in 1 mL/min increments until a
50—60 LMH flux was achieved. The 8 L scale
up run utilized size 18 tubing for the recircu-
lation loop and size 16 tubing for the perme-
ate and diafiltration lines. The crossflow rate
was set to 1400 mL/min to maintain 6000 *!
shear rate and the permeate rate was started
at 4.4 mL/min and slowly increased in 1 mL/
min increments until a 50-60 LMH flux was
achieved.

Purification of AAV harvest material
at Capsida Biotherapeutics

AAV cell culture harvest material was lysed
and clarified using Capsida’s standard pro-
tocol and split for head-to-head comparison
of IsoTag™AAV purification to affinity chro-
matography. One liter of clarified lysate was
purified using the IsoTag™AAV TFF process
described above and then buffer exchanged
via TFF into a cesium chloride enrichment
buffer. One liter of clarified lysate was pre-
pared for affinity chromatography including
a TFF concentration step prior to loading on
an affinity chromatography column (Thermo
resin). The AAV purified from both methods
were run through the same platform down-
stream purification process including cesium
chloride gradient ultracentrifugation and buf-
fer exchange via dialysis. Process intermediate
samples as well as final drug product from
both purification streams were analyzed for
yield using ddPCR and total capsid ELISA
titers. Particle size and aggregation were an-
alyzed using Unchained Lab’s Stunner. AAV
purity and capsid integrity were analyzed via
SDS-PAGE with Coomassie staining, CE-
SDS, host cell protein ELISA, host cell DNA
and qPCR.

Isolere Bio AAV analytical methods

Process efficiencies were determined by com-
paring the total amount of AAV in individual

DOI: 10.18609/cgti.2022.190

process fractions to the total amount of AAV
in the starting harvest. IsoTag™ capture ef-
ficiency was determined by subtracting the
amount of AAV in the flow-through from
the total starting AAV and dividing the re-
sulting captured AAV by the total AAV in the
harvest. The elution yield was determined by
dividing the amount of AAV in elution frac-
tions by the total starting AAV amount in
the harvest. Total capsid titer was measured
using an AAV9 capsid ELISA kit (Progen,
PRAAVY) per manufacturer’s protocol. Ge-
nome titer was determined via quantitative
PCR assay using CFX Connect Real-Time
PCR Detection System (Bio-Rad), AAV Uni-
versal ITR Primers (IDT) and SsoAdvanced
SYBR Green Supermix (Bio-Rad).

Western blotting was also used to track
AAV across process fractions. 10 ulL sam-
ples from individual fractions were run in
reducing conditions on 8% Bis-Tris Bolt
1.0 mm Mini Protein Gels (Invitrogen) and
transferred onto PVDF using the Trans-Blot
Turbo system (Bio-Rad) according to the
manufacturer’s recommendation. Blots were
probed with mouse monoclonal anti-AAV
(VP1, VP2, VP3) Bl antibody (1:400,
ARP) as the primary antibody and goat an-
ti-mouse HRP (1:6666, Invitrogen) as the
secondary antibody. Blots were developed
using SuperSignal West Pico PLUS chemilu-
minescent substrate (Thermo Scientific) and
imaged using iBright imaging system (Ther-
mo Scientific). AAV purity was determined
using SDS-PAGE and host cell contaminant
assays. SDS-PAGE was run on 8% Bis-Tris
Bolt 1.0 mm Mini Protein Gels (Invitrogen)
in 1X MOPS running buffer (Invitrogen) ac-
cording to manufacturer’s recommendation.
Gels were then stained with the SilverXpress
silver staining kit (Thermo Scientific) ac-
cording to the manufacturer’s protocol. Log
reduction values (LRV) of host cell proteins
(HCP) was determined using HEK 293
HCP ELISA kit (Cygnus). LRV of host cell
DNA (HCD) was determined by assaying
starting material and eluted material with
Quant-iT PicoGreen dsDNA kit (Thermo
Scientific).




Capsida Biotherapeutics AAV
analytical methods

Product recoveries from each process step were
determined by digital droplet PCR (ddPCR;
Biorad) and capsid ELISA (custom in-house
AAV capsid ELISA). Purity of the elution and
final products were assayed using SDS- PAGE/
Coomassie staining (NuPAGE 4-12% Bis-
Tris, Invitrogen Novex SimplyBlue Safe Stain),

INNOVATOR INSIGHT

capillary  electrophoresis  SDS  (CE-SDS;
PA800 Plus from AB Sciex), host-cell protein
ELISA (Cygnus) and host-cell DNA quantita-
tive PCR (qPCR-Thermo Scientific). Aggrega-
tion of the products was evaluated by dynamic
light scattering using Unchained Lab’s Stunner
instrument. Final product iz vitro infectivity
was tested by Tissue Culture Infection Dose

50% (TCID50) assay using HeLa RC32 cells

and Taq- Man qPCR.
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