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Cell hybrids as host cells for high efficiency production of

gene therapy vectors and viral vaccines

<

RELATED APPLICATION

{6001} This patent disclosure claims the priority benefit of U.S. provisional patent application
63/350,863, filed Junc 9, 2022. The contents of the priority application are hereby incomorated

herein by reference in its entirety for all purposes.

TECHNICAL FIELD

{8002} This disclosure relates generally to the production of pharmaceutical compounds that
contain viral componends. {t also relates to the modification, selection, and genetic alteration of host
cells for high levels of production of pharmaceutical products with improved biological and

pharmacological characteristics.

BACKGROUND

{6003] The past decade has seen viral vector based therapies become a bona fide option in
clinical medicine.. A dozen therapics using viral vectors have been approved by the FD A, spanning
three different types of viral vectors: adeno-associated vimus (AAV), lentivirus, and herpes simplex
virus. Adenovirs vectors have been approved as immunogenic compositions for treatment of
infections diseases such as COVID 19, With about 25 viral vector therapeutics currently in late-
stage development and another 120 in Phasc I trials, the number of viral vectors approved for
commercial production will increase rapidly (E. Capra et al., McKinsey and Company, 2022).

[6004] The first gene therapy vectors were typically developed for treatment of rare diseases.
The emergiog interest in treating more conunon conditions requires higher vields and a lower cost of
goods. Over the last fow years, large contract development and maoufacturing organizations
{CDxMOs) have 1nvested biflions of dolars in production facilities for viral vectors, This burgeoning
interest is promising, but the rapid infhux of money and development of new techoology bave not
solved the bottlenecks and challenges of viral vector manufacturing.

{8665} Currently, lack of standardization and low vields are part of the challenge. Physical
characteristics and functional requirements vary considerably between different vectors. A high
degree of process optimization 1s still needed for each product. Low recovery from chromatography
steps means that vields are typically below 30 percent (M. May, Biotech. Eng. News, August 2,
2021). By way of comparison, the manufacture of therapeutic antibodies lke Humira® and
Rituxan® and biosimilars is done using standardized platforms, and typically achieves yields higher

than 90 percent.
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[0006] The owners of the technology described in this disclosure previously developed a
system for increasing production of monoclonal antibodies in producer cell lines by over four-fold.
U.S. Patent No. 10,329,594, Cultured cells such as CHO cells are fused together, and hvbrids are
selected for a high content of endoplasmic reticulure or Golgi apparatos. Unfortunately, the
intraceihular machinery that is needed for making viral vectors is quite differcnt. Replication of
maost viruses occurs in the cytoplasm, not the ER, and nwst be coordinated within the cell to achieve

proper vector asserably.

SUMMARY OF THE INVENTION

{6007} This disclosure provides a technology for adapting host cells to maximize production
and traprove guality of viral vectors and particles. Cell hybuads are formed from parental cell lines,
and divided or cloned into multiple aliquots for testing.  Aliquots are chosen that have high
production capacily and phenotypic features for virus production, such as an optimat level of
intracellalar organelles, and used o establish producer cell lines. The prodocer cells can be
genetically altered to express a transgene that encodes viral elernents for production of the viral
vectors or partticles with a therapeutic payload. The hybnd producer cells generate more viral
vectors or particles per cell with higher functional titer, thereby lowering the cost of production of
pharmaceuntical agents for use in gene therapy and immumization.
{0808} In general terms, the technology put forth in this disclosure can be used for producing
viral vectors or particles. The system is implemenied by providing a starter population of cultured
cells; forming cell hybrids from the starter population, each comprising two or more cells, and
genetically altering cell hybrids to expross elements of a virus and a drug payload. The cells are
then cuitured to produce the viral vectors or particles containing said elenends and encapsulating
said dmg payioad.
16009} Throughout this disclosure, the terms “fused cells”, “cell hybrids”, and “engineered
cells” refer inderchangeably to a cell made by combining two or more parcntal cells together to
create a single cell beaning organelies and chromosomes from all parents withio a combined plasma
membrane. A “payvicad” is a polvpeptide, polynucleotide, or any other compound or coraposition
that 1s encapsulated 1n a viral capsid or other macromolecular package. Exemplary payloads arc a
reporier gene for cell screening, or a therapeotic payload for use in medical treatment. A “viral
ector” is a capsid configured to cause expression of a noclectide 1t contains when admimstered in
vivo. A “viral particle” is a capsid configured to deliver a protein or other payload indo cells when
administered in vivo. Cells that are “genetically altered” contain an expressible transgene, either
within the genome of the cell or as a plasnud that is expressed elsewhere in the cell.
{6616} A way of implementing the technology of this disclosure is to create a bank of producer

cell lines that can be sourced for manufacturing capsids containing different payloads. Producer cell
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lines for high efficiency production of viral vectors or particle are maade by providing a starter
population of cultured cells, forming cell hybrids from the starter population, cach comprising the
contents of two or more parental cells. The hyvbrids are distributed into a plurality of aliquots, which
are then sampled for testing The sanples are genetically altered {o express one o1 1oore transgenes
that encodes clements of a viral systern, plus a reporter means for determining how efficiently the
genetically altered cells from each aliquot ate producing viral components or capsids. The repotter
raeans may be the viral components themselves or a drug paylcad. For screening purposes, it is
convement t6 use a reporter gene that encodes an casily expressible gene produact, such as a protein
that gencrates an optical signal hke 3 green flucrescent protein or tuciferin

{8011} For screening purposes, it is often convenient {o use a means of trausient transfection,
although stable transfection may also be used. The multiple transgenes can be transfected not the
cells together or separately. Since different viruses and different viral serotypes may be optimally
expressed in cells with different phenotypes, it is often beneficial {though not required) to use the
same virus or serotype for screening that will nltimately be used to express a viral vector or particle
for therapeutic use.

{6012} After transfoction, the user characterizes each of the samples by mearing production
and/or quality viral vectors or particles containing a product of the reporier gene by cach of the
samaples. Aliguots containing cells having desirable attributes are expanded in culture 1o establish
producer cell lines. Optionally, the user may conduct one or more additional cvcles of aliquoting,
characterizing, and expanding o further envich for cells baviog desieable phenotypes and/or vins
production capacity. If desired, the cells can be cloned at any tirne in the process: either as a means
of aliquoting the cells at the outset. o at subsequent steps to stabilize cell characteristics.

{6013} Alterpatively or in addition, aliguots of cells can be separated or chosen according to
cell characteristics that have empirically been determined to accompany favorable vires production.
This can be done, for example, as pari of the alignoting process, where cells are sorted or segregated
according to high or low intracellular content of one or more organelles such as mitochondria,
peroxisomes, endoplasmic reticulum, Golgi apparatus, or nucleoh, and/or one or more cytoplasmic
or transcelinlar features such as reactive oxygen species (ROS), celinlar redox, or pH, in any
combination. Phenotype based segregation or selection can occur sequentially or simultaneously
with assessment of viral production, whereby the ultimate selection of cells may be a combination of
phenotype and production capacity.

{0014} Identifving and choosing which aliquots or clones to expand can be based on which
aliquots contain cell hybuids produce more viral capsids per cell., or which aliquots produce a
greater proportion of capsids that are filled with the reporter gene, or a corabination of the two.
Depending on the user’s objectives, the techoology of this disclosure can be traplemented by vsing

as the starter cell population a single cell line, such as CHO cells, mouse wyeloma NSO cells,
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mouse myeloma SP2/0 cells, Tuman embryonic kidney 293 (HEK 293) celis, baby hamster kidney
21 (BHK-21) cells, VERO cells, PER.CO cells, and HeL.a cells; using antotypic hybrids thereof] or
using combinations o Iwbrids of such cells with cells from another cell line or with primary cells.
{8015} For industrial-scale production of viral vectors and particles for use in therapy or for
other purposes, cells from the established cell bank are genetically altered (o expross a transgene
encoding one or reoie elements of a vitus, plus a transgene that constituies or encodes the desited
payload. The transfection can be {xansient, or stable (peomaneat). The transgencs for the vitus and
the payliocad can be inserted into the genome of the producer cells transiently or stably in varions
combinations. For exaraple, a producer cell line can be stably transfected with components needed
for vinus asserbly to establish a producer cell line dedicated for a chosen type of vires. The
dedicated producer line can subsequently be transiently transfected to contain different payloads
depending on the chinical objective.

{6016 This disclosure inchides producer cell lines adapted for ligh efficiency or high quality
production of viral vectors or particles, established according to any of the aforesaid methods and
processes. Optionally, the producer cell lines may be genetically aliered with a plasmid encoding
one or more clements of a virus (such as the Rep and Cap genes of AAV), and optionally witha
helper plasmid (for example, encoding adenovirus genes that promote AAV packaging), therehy
adapting the cells to produce a viral vector or particle containing said cleraents. Some producer
cells of this technology can be characterized as a hybrid of two or nore parental cells from a starter
celt population, wherein the producer cells coraprise an expressible transgene that encodes one or
more elements of a virus, whereby the cells are configured to produce a viral vector or particle
containing said elements.

{3017} Such producer cells may furher comprise a transgene constitutiog or encoding a
payicad, thereby adapting the cells to produce a viral vector or particle encapsulating said payload.
Examples of such payloads comprise any one or mose of the following: (1) a nucleic acid
configured for expression in a human subject /in vive upon administration to the subject; (2) a protein
configured for delivery into cells of the subject upon administration of the particle to the subject; (3)
a nucleic acid or a protein configured for transfection into cells ex vivo; and/or (4) a reporter gene as
set forth above.

{0018} Any of the producer cells disclosed herein may produce specified numbers of viral
vectors or particles per cell, as set forth below. Alternatively or in addition, the producer cells
disclosed herein (compared with cells from the starier cell population that have been genetically
altered with the same transgenes) may be characterized as producing more viral vectors or particies;
producing viral vectors or particles with higher functional titer; and/or producing viral vectors or

particles with a higher proportion filled with a particular payiocad, as sct forth below.
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{0019} This disclosure provides methods of manufacture of viral vector or particles
encapsulating a pavload, for example by culturing cells from an established producer cell line of this
disclosure. The viral vectors or particles produced thereby may be formulated as a medicament
under GMP conditions o produce a pharsaceutical product that is suitable for human
administration. he viral vectors or paricles produced thereby may also be configured for ex vivo
therapy of a human subject 10 need thereof,

{80261 Thig disclosure provides methods of therapy by administering to a subject a vital vector
ot particle put forth above. Alternatively, the vectors and particles may be used for ex vivo therapy
by contacting thern with a plurality of cells (usnally avtologous or allogenic to a subject), and
therealter administering the cells to the subject.

{0621 Exemplary viral systerns that can be used in any aspect of this disclosure are adeno-
associated virus {AAV) vectors or particles and select serotypes thereof. In principle, the
technology of this disclosure can be used to establish producer cell lines for any viral system, such
as adenoviruses, alphavirases, flaviviruses, herpes simplex viruses (HSV), measles viruses,
rhabdoviruses, retroviruses, lentivinses, Newcastle disease virus (NDV), poxviruses, and
PICOTRAVITISSS.

{6022} Viral vectors manufactured in accordance with this disclosure can be used for freatment
of a variety of human discases or conditions. The payload may be a polynuclestide encoding a gene
product for genetic therapy of a human subject in need thereof. The pavicad oway be a target antigen
of a pathogenic rcrobe such as SARS-CoV-2, or a nucieic acid encoding said target aotigen, for
cliciting an immuoe response in a subject in need thereof against said microbe.

{6023} Various aspects, embodiments, features, and characteristics of the invention are

described in the sections that follow, the accompanying drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

{80241 FIG. 1 s a workflow for obtaining hyvbrid cell Hres with high virus production
capacity. Cells are fused together to produce an enginecered cell population. The population is then
cloned or separated 1uto separate aliquots, optionally taking into account desirable cell phenotypes
{such as intracellular organclie content). The separate clones or aliquots are transiently transfected
o express vital elements and a reporter protein, and high producer cells are identified. The chosen
cells are expanded to establish a baok of producer cell bnes. The producer cells can be transfected
to express a viral vector or particle encapsulating a therapeutic payload for genc therapy or
mnmunization.

{6025} FIG. 2 shows a 4.5-fold improvement in protein production from a population of CHO
cells fused and sclected for high content of endoplasmic reticulum, compered with parental CHO

cefls. Both populations were transfecied to express secreted alkaline phosphatase (SEAP).
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[0026] F1G. 3A 1s a gene map of a Rep-Cap inducible integration gene cassctie for activation
of E2A, B4 and VA RNA, abbreviated by EEV and Cre recombinase. FIG. 3B maps an inducible
cassette for activation of E2A, B4 and VA RNA, abbreviated by EEV and Cre recombinase.

FIG. 3C maps an inducible STAC cassetie for araplified sypergistic activation of E2A, E4, and VA
RNA (EEV).

{80271 FIG. 4A 15 a gene map of a Gag, Pol, Tat and Rev (GPTR) iidegration geoe cassetie.
FIG. 4B oaps an inducible cassette for activation of envelope VSV-G gere and gene encoding for
Cre recombinase.

{6628] FIG. § s a gene map of an inducible STAC cassetie for amplified synergistic activation
of VESV-G gene as well as packaging genes.

{6029} FIG. 6A 15 a diagram of a p300 integration gene cassetie. p300 gene is flanked by
CMY promoter and SV40 poly A tail. FIG. 6B shows a HDAC shRNA gene cassette. HDAC
shRNA is {lanked by U6 promoter for shRNA expression. FIG. 6C shows a sphiced Xbpl (Xbpls)
gene cassette.

[06036] FIG. 7 shows a workflow used to screen fused HEK 293 cells according to intmacellular
content of mitochondria and reactive oxygen species (RORS).

{60313 FIG. 8 is a set of gene maps for the plasmids used to make AAV vectors containing an
enthanced green fluorescent protein (EGFP) reporter gene for purposes of screening cell hybrids for
virs production.

{8032} FIG. 94 shows a workflow used to produce AAV vectors using suspension HEK 293
cells as host. Left cell seeding, transfection and harvesting of AAV paticles from Iysed cells.
Right: assessment of product quality: capsid quantification, viral titer {or capsid concendration),
percent full capsids, and functional titer by transduction. FIG. 9B shows the ramber of AAV?2 vigal
particles that can be produced from fused HEK 293 cells.

{6833} FIGS. 10A, 108, and 10C demonstrate higher productivity of capsids of several
serotypes of AAV vectors from fused HEK 293 cells. Engineered clone (17-2) showed 3-fold.
9-fold, and 2.5-fold increase of AAV vectors compared with parent host, respectively.

{0034} FIGS 11A and 11B. demonstrate higher functional titer of several serotypes and other
features of AAV vectors from fused HER 293 cells.

{8035} FIG. 12 demonstrate an improvement in the proportion of capsids containing a nucleic
acid payload achicved bv screcning fused cells for cell phenotype. Engineered HEK 2937 pool
(4C1) clone (#40) selecied for high mitochondria (top 10%) and high reactive oxvgen species {top

10%) showed a two-fold increase in full-to-empty ratio for the AAVZ serotype
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DETAILED DESCRIPTION

{3036} This disclosure provides tmproved cell hines for manufacture of pharmaceutical agenis
containing viral elements, considerably reducing the cost of commercial production. The cell lines
are obtained by selecting cells from a mixed population for one or more characieristics that support
virus or viras production on a non-specific basis, such as the level of mitochondria, endoplasnic
reticalum, Golgi apparatus, and/or other desired phenotypic features, compared with other cells in
the starter mixture. Particularly effective producer cell Hines can be obtained by preparing the cells
for functional selection by making cell hybrids. Expressible genes containing elements of the
intended viral vector or particle may be fransfected into the cells before or after one or more cycles

of fusion and selection.

1. Overview

{6637} FIG. 1 is a general scheme that outlines a suitable workflow by which the technology
of this disclosure can be implemented.

{0638} Cells from a chosen source (for example, an established cell line) are fused together in
maultiple cycles to gencrate a population of hybrids that are heterogencons in their ability 1o
synthesize viral vectors ox particles. To obtain cells from the population that are high producers, the
population is partitioned tnto 3 plurality of separate aliquots or clones. As part of the partitioning,
the cells may be screened or separated according to particular phenotypic features that are keowa or
suspecied of being beneficial to high levels of vieal capsid production or filling. A sample from
each of the separate aliquots or clones are individually tested for their ability to produce high
quantities or high titers of vectors or particles. Aliguots of cells that are now proven to be high
producers are expanded, and used to establish one or more producer cell ines.

{66391 The banked producer cells can then be sourced for industrial-scale production of one or
avariety of therapeutic viral vectors or particles, especially using viral components of the same
species and serotype that were used for screening. The cells selected for industrial production can
be transfected in the same manner used for screening, with the exception that the reporter gene is
substituted with a therapeutic paviead. The final transfection can be transient, or the viral clements
can be integrated into the genore of the producer cell with an inducible promoter — whereafter
different pavicads can be encapsulated info the same viral system by transient transfection.

[0046] Other workflows can be effective, depending on the choice of a viral svstem and the
user’s objectives. The various aspects of the technology of this disclosure can be practiced in any
combination and any otder which 1s effective to generate the user’s intended viral vectors or

paticles.
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2. Benefits of this technology

{0841} Depending on the mode of practice and application, aspects of this disclosure described
in this disclosure can be used (o select cell hybrids that produce viral vectors and particles at a
higher functional titer per volume of culture fluid. This in trn has the following benefiis.
e reduces the cost of production of viral vectors and particles for clinical use, thereby
improving access to such therapeutic agents;
#  reduces the need to enlarge or build new GMP production facilitics as market size
1nCreases;
e provides for GMP production of kilogram guantities of fimshed protein product with
welatively small or fewer bioreactors,
s creaies established producer cell Unes suitable for high-level expression of a family of
different vectors and vaccines, as needed;
e decreases clonng or selection steps that are necded following integration of the gone to
be expressed;
e improves product quality; and
& provides high quality low volume research materials, thereby reducing the time needed
to initiate and complete clinical trials.
{0042} The technology of this disclosure can also be used to tmprove the loading of viral
capsids produced, thereby increasing the effective titer of the preparation. Before this discovery,
AAY capsids produced by host cells are largely empty {(10-30 percent full is the ndustry average),
which adversely affects the efficacy and safety of AAV drug products, increasing the risk of
imownogenicity. Provided below is a technclogy for selecting cells with higher content of
mitochondna and reactive oxygen species, which results in a two-fold increase in the proportion of

capsids bearing a payicad.

3. Rationale

{80431 The technology of this disclosure for packaging vectors such as leptivitus, adenoviras,
and adeno associated virus (AAV) take advantage of the dependency of cethdar compartments of
key proteins involved in the packaging and replication of virases.

{80444 The physical association between the endoplasmic reticulom (ER), mitochondsda,
peroxisornes, and nuclech have been fraphcated in production of viral proteins. The MAM, transient
contact sites between the ER and milochondria provides calcium microdomains for celludar
signaling such as activation of Ca™" ~-dependent metabolic enzymes. Evidence of ER-{o-
mitochondna trafficking have been associated with the human cvtomegalovirus UL37 proteins,

whesrein a highly conserved sequence drives the translocation of these proteins into the ER.
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{0045} Viral nutochondrial-localized inhibitor of apoptosis (vMIA) functions in both ER and
mitochondria. Besides viral proteins, viral RNAs have also been able to target mitochondria (Reeves
et al,, 2007). Other kev viruses in which ER and/or mitochondria trafficking is critical includes the
hepatitis C virases (HCV) and related vinuses in the fanuly of Flaviviridae, polyomavinuses,
rotaviruses, cotonaviruses, polioviruses, enteroviruses, Hepatitis € virus, HIV-1, adenn-associated
viruses (AAV, reviewed in Williamason et al., 2012; Ravindran et al., 2016). The adenovirus
EiB19K packaging protein is required for virus packaging of AAV and is localized inthe
mitochondna.

[6046] Peroxisomes and nucleoli are important organelles for virus prodoction. Peroxisomes
serves as habs for reaction oxy gen species (ROS), can form de pove from the ER and are hijacked
by various types of viruses wherein viral proteins are sequestered in these organclles. These include
HCV, HCMV, and Kaposi’s sarcoma-associated herpes virus (KSHV). The cell nuclens playvs an
meredibly integral role in virus production. For the majority of viruses, cvioplasmic {o nuclear
trafficking, and likewise refrograde nuclear to cytoplasmic signaling are both critical for virus
production. There are rumerons examples of nuclear transport of viral proteins.

{6047} Viral proteins have observed to be localized to the nucleoli and the functional
importance of nuclecl in virus replication have only been recently dissected. The importance of
nucleoli in virus replication is most well studied in HCMV. In another example, capsid proteins of
AAV?2 have been shown 0 sequester in the oucleoli during virus packaging. In yet another instance,
the Gag protein of the Rous Sarcoma Viras (RSV) s retained inthe sucleoli and this retention to
criticat for efficient packaging.

[6048] The technology of this disclosure leverages the sub-cellular organclles (exemplified by
endoplasmic reticulom, mitochondua, peroxisomes, and sucleoli) to further enhance the
manufactoring of vireses to create a super manufacturing cell line. These benefits are realized
through the engineering cell ines selecting for attributes of high ER (which inchides enhanced
urfolded protern response), mitochondria content, peroxisomes, or nucleoli in singalarity or phurality
as discussed in this disclosure. Virus production can be increased by selecting cells from a mixed
cell population for higher levels subeelhular machinery or biochenuistry that support increased viras
production, compared with other hybrids or parental cells in the starting mixture.

{0049] At least one of the phenotypic features is selected that is not necessarily specific for
production of a particular viras. The feature is not simply the level of expression of a protein of
interest or a surrogate. Rather, it is a feature that supports production of a wide range of different
viruses. Such features include the relative density of subcellular organelles, particularly those
involved in the packaging of viruses and the relative level or concentration of enzymes that help

package a variety of different proteins, ¢.g. HIV, adenovirases and adeno-associated viruses (AAV).
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{0056] Further enhancement of virus production can be achicved through stable gene copy
amplification of viral genes critical for packaging and replication, histone modifiers, enhancers of
protein biogenesis patlnvays, and {ranscuptional amplifiers {0 create a unique nunufacturing cell
line poteniially capable of amplifyving virus production by tens to bundreds of folds as described in

this disclosure as corapared to traditional host cell lines used 1o the industry for vinus production

4, Technological approach

0051} Repeated homotypic fusions of virus producer cells such as HEK 293 cells are believed
o esult in gencroe shuffling and araphification of whole chrornosomes within igdividual cells.

Celis are chosen that have desitable phenotypes lead to enhanced manufacturing capabilitics. Fused
cell hybrids are soperior for production of viral vector, generating higher titer, higher capsid percent-
foli, and/or ligher infectivity.

{66521 FIG. 9 A iltustrates a saitable wotkflow for prodaction of AAY vectors using
suspension HEK 293 cells as host. Left: cell sceding, transfection and harvesting of AAV patticles
from fysed cells. Right: assessment of prodoct qualily: capsid quantification, viral tiler {or capsid

concentration), proportion of full capsids, and functional titer by {ransduction.

5, Demonstration of high level production of viruses from fused cells

{66531 Cell fusion of HEK 293 cells was performed multiple tirmes osing PEG as a fusogenic
agent to form autotypic hybrids (a plurality of cells from one cell hine).

{6054 For packaging and production of adeno-associated viruses, serotype 2 (AAV2), un-
engineered and engineered HEK 293F were transfected with a helper plasmid, a viros plasmin
containing AAV Rep and Cap proteins, and a transfer plasmid expressing NeonGreen fluorescent
protein under the control of a constitutive cytomegalovims (CMV) cardy promoter, flanked by
AAV2 mverted terminal repeats (ITRs), and an additional plasmud expressing microRNA, ni342
under the control of a ubiquitous CMV promoter. Transfoctions were performed using linear
polyethylencimine (PEI). Post-transfection, crude virus was extracted from cell lvsates and virus
was recovered by cenirifugation. Quantiiative PCR was used to measure viral copy number
produced by no-engineered and engineered HEK 293 cell lines.

[00S85] FIG. 9B shows the oumber of viral particies that can be produced from fused cells,
Viral geoome of packaged AAV?Z was measored by quastitative PCR following DNase [ treatment.
Prmers targeting NeonGreen gene was used for the quantification and vg/ml of samples were
determined using a commercial AAV2 reference viras with known vg/ml from Vigene Biosciences.
Compared to un-engincered HEK 293F cell line, the engineered HEK 293F shows a 2.5-fold

increase of viral genome produced.
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6. Betailed protecel

{B056} By way of ilhistration (and without implying any lHmfation on the claimed invention
and equivalents thereof), producer cell lines for AAV vectors have been obtained according to the
following protocol:

{0657} Stepr I: Production of hybrids. A starting cell population of HEK 293 cells was used
o make celf hybrids by using polyethylene glycol as fusogenic agent combined with gentle
centrifugation to proraote cell contact. Hybrids were cloned. Each clone was separated indo
aliquots, and sampled for transfection testing.

[6038] Step 2: Transfection. Sampled hybad cell clones 1o suspension were transfected with
chemical-based methods using a lipid polymer that coraplexes with negatively charged DNA to
form Hipopolyplexes via electrostatic interactions. Three plasmmd vectors were vsed for transfection:
I}y transfer vector expressing a fluorescent protein under the control of ubigaitons CMYV promoter
cassctte flanked by AAV inverted terminal repeats; 2) helper vector cassette expressing adenoviras
E4 gene for AAV DNA replication. adenovirus EZa gene and adenovinus VA BRNA (virus-associated
RNA) genes to enhance AAYV mRNA stability and promole AAV capsid transcripts; and 3)
packaging vector expressing Rep and Cap proteins specific serotype being assaved (AAVL, AAV2,
and AAVS). Cells were harvested 72 hours post-transfection, lysed and assayed for AAV
production.

LS Step 3: Determining production capability of cloned hybrids. AAV genomic copy
number was measured by real-time guantitative PCR. Cell Ivsates were treated with DNase I 1o
remove non-viral host genomic DNA. Real-time quantitative PCR by fluorescent detoction was
pedormed to deterpine viral genoniic copy mumber. DNA primers bind 1o coding regions of
fluorescent reporter within the transfected transfer vector in the assembled AAV and copy nuraber
was detected using floorescence (imethods used by previcus figures.

{6868} Step 4: Determining AAV serotype-specific capsids. Bio-layer interferometry (BLED is
an optical biosensing technology that analyzes biomolecular interactions in real-time without the
need for Thiorescent labeling. [nterference patterns of white bght or phase shift cansed by analyte
sample binding to immobibized lgand on biosensor probe was used to quantify the amount of AAYV
virus in an voknown sample. A soall biosensor that binds specifically to AAV capsid protein for
multiple serotypes (AAVE, AAV2, AAVS). For each serotype (AAVL, AAVZ, and AAVS), a
standard curve of a commercial AAV reference standard, with known concentration measured by
other validated methods are used to back-calculate the concentration of AAV serotypes in unknown
sample.

{8061} Step 50 Measuring the ratio of full to empty capsids. Ratio of full to empty capsids can

be measured in unknown sampies by biolayer interferometry. First, concentrations of AAV
b d nk ies by biolay ferf try. First frat FAAYN
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serotypes of unknown samples arc measured as described above. For each serotype being measured,
AAV capsids at a normalized concentration are first captured and iramobilized on the biosensor.
Following immobilization, AAV particles are Ivsed to release the packaged ssDNA and ssDNA is
captorad and weasured using a biosensor probe that is cogjugated te SSB proiein wherein S5B
protein binds specifically to ssBNA. For each serotype (AAVL, AAVZ, and AAVS), a standard
cwrve of a commercial AAV reference standard, with koowa full-to-eoipty capsids ratio measured
by other validated methods are used o back-calonlate the ratic of AAV serotypes in unknown
sample.

{0662} Step 6: Measuring functional titer. For measurcments of functional titer, undituted
samples of AAVI, AAV2 and AAVS produced asing the cloned bybrids were infected at a range of
dilutions and added fo fixed population of un-infected HEK 293 cells. Functional titers were
measured in transduction units (TU) per millititer (mb). Infectivity was determined by quantifying
percent fluorescent-positive celis by flow cytometry.

{0063} Step 7: Expand high producer clones. The original aliguots corresponding to samples
that showed high levels of capsid production and functional titer were expanded to establish
producer cell lines for ransduction and expression of other types of viral vectors and particles,
[6064] FIGS. 10A, 108, and 10C demonstrate higher productivity from cells fused, cloned,
and sampled according to this illustration. Host cells were transiently transfected with (1) transfer
plasmid expressing fluorescent reporier; (2) packaging plasmid expressing Rep and Cap proteins
spacific for AAVE, AAVZ, or AAVS; and (3) helper plasouid. Capsid concenteation or titer were
measured by biolayer interferometry (BLI) using a biosensor that binds t0 AAVE AAV2Z, ot AAVS
capsids. Curanlative capsids productivity (FIG, 10A4), cell specific productivity (VP/cell)

(FIG. 10B), and percent full capsids (FIG. 10C) of AAVE, AAVZ, AAVS of HEK 293 parerd,
enginecred pool (7A) and clone (#17-2). Engineered clone (17-2) showed 3-fold, 9-fold, and
2.5-fold increase compared with parent host, respectively.

{3063} FIGS 11A and U1B. demonstrate higher functional titer from cells fused, cloned, and
sampled according to this illastration. Concentrated packaged AAV1, AAV2, and AAV3S virus were
infected in HEK 2937 cells at different multiplicity of infection (MOI) and percent infected cells
were determined by gating for fluorescent-positive cells using flow cytometry. FIG. 10A: Mean
functional titer were calculated at three different virus concentrations (difutions ranging from 1:25 to
1:300). FIG. 10B: Cell infectivity measured by % cells exhibiting GFF fluorescence (AAV transfer
vector transgene) at 3 different multiplicity of infection (MOT) ranging from 500 to 50,000 (scrotype
dependent).

{0066} FIG. 12 demonstrate an improvement in the proportion of capsids containing a sucleic
acid payload achieved in thig ilfusteation. Host cells were transicuntly transfocted with transfer

slasmid expressing flucrescent reporter; packaging plasmid expressing Rep and Cap proteins
2 T g
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specific for AAVI or AAVZ; and belper plasmid. Full-to~empty ratio of AAV] and AAV2 of Tysed
cells were measured by BLL Engincered HEK 2937 pool (4C1) clone (#40) selected for high
mitochondna (top 10%;) and bigh reactive oxygen species (fop 19%;) showed a two-fold increase in

foli-tc-cropty ratic.

7. Making cell hybrids

{0667} Individual high producer celis can be selected from any cell population that is
heterogeneous in this respect, as descyibed in the section that follows, Maay single cell lines (such
as CHO and HEK-293 cells) are sufficiently diverse at the outset in terrs of gene content and
ateaceibular appacatus io the proliferating cell population that they can be sorted and selected for
high producer cells directly frorm a standard culture,

{80681 Optionally, to improve final product yield or enhance the sorling process, the user may
prepare cells for sorling by taking one or a combination of techuiques that will either enhance
heterogencity of levels of virus production within the cell population, or generally increase the
levels of virus production for the cells population as a whole, or a subpopulation thereof, Suitable
techmigues are those that alter the genome of the cells, for example, to shuffle the genome and
increase copy numbers of that contribute to the intracellular machinery involved in virus production
or assembly. Altering or shuffling the genome in this manner may yield many genetic variants with
one or more of a variety of different properties, including levels of virus production and growth rate.
{0069} The technology of this disclosure is based on part on the disclosure that cells suitable
for virus production can atfain a higher level of production by fusing with other cells. Without
linxiting practice of the invention, it is hypothesized that fusing two colls together is partly additive
in terms of the components, genetics, or genstic control of the cells that participate in viras
production. It is beneficial if the improved characteristics breed true. Accordingly, after cells are
fused, they are typically subject to multiple ronnds of culturing and selection for phenctypic
characteristics of interest. The resulting cells may be ancoploid or otherwise retain all or part of the
genomes of parental cells that encode cell components involved in virus production.

{6078} Model cells suitable for fusion are cell lines that have already been employed for
inchustrial vinus production, sach as CHO cells, mouse myeloma NSO cells, mouse myeloma SP2/0
cells, rat myeloma YB2/0 cells, Human Embrvomc Kidney (HEK) 293 cells, HeLa, Per.Co, HT-
1080, Hith-7, Baby Haraster Kidney (BHK-21), and Per-CP cells. In the context of this disclosure, a
“cell line” is a population of cells that can be propagated continually, extensively, or indefinitely in
tissue culture. A starting cell line i typically heterogencous in terms of one or more phenotypic
features that relate to the amount of gene product from a transgene that the cell will produce. When
cultured, a producer cell hne obtained according to this disclosure may produce progeny that are

heterogeneous, substantially homogencous, or clonal.

— 13—
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{0071} Cell fusion is performed by obtaining a cell mixture of cells to be fused: (a plurality of
cells from one cell ling, or more than one cell line, or a mixture of at least one cell line and at least
one primary cell population. The cell mixture is then subjected to an appropriate fusion protocol:
for example, by culbiring under cultore conditions that promote the formation of hybrids, by
conducting an clectrofusion, by combining with a fusogenic virus such as Sendat virus, by placing
cells into contact (for example, by gendle centrifugation), by treating with a fosogenic agend such as
polyethylene glveol (PEG), orusing any effective combination thercof,

166721 For parposes of this disclosure, cells that have been made by fusing two or more cells
together may be referred (o as aulotypic hybrids (cells from the sarme cell hine fused together),
isotypic hybrids {cells having the same genotype), allotypic hybrids (cells from different individuals
of the same species having different genotypes), and xenotypic hybrids {cells from different
species). Autotypic hybrids are typically formed using a population of cells that consists cssentially
(that is, at least 99%) of cells from a single cell ine. The other types of hybnds are typically formed
using cell populations from two or more cell hines which have potentially complementary properties.
The disclosure also inchudes the fusion of one or more cell popuiations isolated or obtained from
primary sources with themselves or with established or cloned cell lines.

{6073 Cells may be fused into hybrids using any suitable technique. For exaraple, cells may
be cultured in the presence of a fusogenic agent and/or under culture conditions that promote the
formation of hybrids, or may be forced into contact, for example, by gentle centrifugation,
optionally 1o combination with a fusogenic agend such as polyethylene glycol (PEG). Typically, a
fused cell is obtained by fusing two cells together, although fusion of three or more ¢cells is possible.
It 1s recognized that fusion of two different cell populations will result in mixed cell products
(isotopic, allotypic, or xernoty pic hybrids, depending on the parental cell lines), and autotypic
hyvbnds. Antotypic or isctopic hybrids can be separated from allotypic or xepotypic hybnds, if
desired, using fluorescently labeled or surface bound antibody specific for a higand expressed on one
of the cell lines in the muxtare, but not another.

{0074} All such combinations come within the scope of this invention, unless explicitly
indicated otherwise. {t may be beneficial o repeat the cell fusion within a population of hybrids to
enhance the effect further, and/or cross-hybridize with other cell lines (o imbue the ultimate cell line
with additional beneficial characteristics. Thus, the fusion and selection steps may be done

iteratively twice, three or four times, or more.

8. Selecting high producer cell lines and preferred phenotypic features

{8875} This disclosure provides a variety of means for identifving and selecting cell hybrids
that have the capacity of generating high producer cell lines. Cells can be transfected with 4 reporter

gene (for example, genes that encode fluorogenic products such as green florescent proteiny, along
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with genes that encode a viral capsid for testing purposes. High producers can be selected on the
basis of viral capsids produced and/or encapsulated promoter gene products.

{076} Alternatively or in addition, celi hvbrids can be selected for characteristic phenotypes
that correlate generally with high levels of protein and/or vires product. A valuable insight that
underlics this technology is the idea that the production of binlogical agents can be increased by
selecting cells from a mixed cell population for optimal levels subcelhular machinery or
biochemistry that suppott increased virus production, corapared with other hybrids or parestal celis
in the starting mixtore,

{6677} Such phenotypic featores inclade the relative density of subcelhular organclies,
particularly those involved in secretion of protein or viral particles from the host cell, and the
relative level or concentration of enzymes that help finish or assemble vimuses. These include
mitochondria, peroxisomes, endoplasmic reticulum, Golgi, and nucleoli. Such phenotypic features
also include aspects of the cell eytosol or cell contents generally, such as reactive oxygen species,
redox carrving molecules, and pH.

[6078] Depending on the viral svstem being optioyzed, it raay be preferrable to have higher or
lower levels of any of such phenotypic features, either alone or in combination. As part of the initial
aliquoting or cloning step, cells can be stained with an appropriate vital dye, and separated using a
cell sorter or other means into aliquots that arc low (the least 10%, or the last 5% to 25%), medium
{the middle 30% to 70%), or high (the greatest 10%, or the greatest 5% to 25%) in cach of the
features ona per-cell basis. Hybud cells falling within any or all of these ranges can be recovered
and aliquoted or cloned, then tested for virus production and effective titer. Ranges that are
determined to confer an advantage can then be used as additional criteria for finding other high
producer aliquots or closes for related viral serotypes ot systems.

{6879} The makers of this invention bave discovered that fused cells sorted for higher
mitochondria content and higher levels of reactive oxygen species (ROS) can be used to malie
producer cells that generate viral capsids that are as mach as two-fold higher in the proportion of
capsids that contain an intended pharmaceuntical payload, such as a polyvnucleotide for purposes of

gene therapy or vaccination,

9. Selecting for ecllular content of mitochondria

{8085} Many viral protetns localize to the mitochondrion. Mitochondria content and function
arc used as basis for sorting or selection without damaging the cell using vital dves. Such dyves can
be obtained commercially, for example from the companies: Invitrogen and Sigma Aldrich.
Example of vital dves for the mitochondria include: MitoTracker Green FM; MitoTracker Orange

CMTMRos; MitoTracker Red CMXRos; MitoTracker Red FM; MitoTracker Decp Red FM,



WO 2023/239928 PCT/US2023/024973

BioTracker 488 Green Mitochondrnia dye; BioTracker 633 Red Mitochondria dye; BioTracker 405,
and Blue Mitochondria.

{0081} Furnctional dves 1o measure the membrane or redox potential of the mitochondria can
also be used (o sort or select for cells with enhanced mitochondria function. Mitechondria polentiat
is generated by Coroplexes I, U and IV and serves as a reliable read-out to assess mitechondria
fonction. Membrane depolatization shifts flunrescence signal from one wavelength o another.
These membrane potential dyes are available from companies: Invitrogen and Sigowa Aldrich: JC-1
Dye (avitrogen T3168; Sigma CS0390); JC-9 Dve (Invitrogen [3-22421); and C10 Diye (Sigma
MAKI60, MAK159).

{8082} Additional characteristics to sort for enhanced mitochondria includes vital dyes to
neasure mitochondria caleium, superoxide production, and dyves selective to the mitochondria.
These include: Rhod-2 AM Reagent (Invifrogen R1243MP); and MitoSOX Red (Invitrogen
M36008).

{6083 Alternatively or in addition, the user can test expression-based labeling systems that
would introduce a fluorescent protein targeted to the mitochondria. They are fusion proteins
comprising a portion that expresses an optical Iabel, fused with a protein sequence that targets or is
processed by the organclie to be labeled. Examples inchnde the following. From lovitrogen:
CeliLight™ Mitochondria-GFP (C10600); and CellLight™ Mitochondria-RFP (C10305, C10601).
From Evrogen: pTagCFP-mito (FP117); pTagYFP-mito (FP137); pTagRFP-mitc (FP147), pmKate-
mrite (FPE87), pTagGFP2-mito (FP197); pTuthoRFP-mite (FP237), pTurboGFP-mito (FP317),
pPhi-Yellow-raito (FPGOT); and pTurboFP602-mito (FP717). From Takara Bio: pAcGFPI-Mito
Vecior (632432 pbsRed2-Mito Vector (632472 1), pHcRed1-Mide Vecior (632434); and
pPAmCherry-Mito Vector (632591),

{0084} After staimng with any of these dyes, cells may be selected (for example, by flow
cytometry and sorting) that have on average a level of staining that is at least 1.2, 1.3, 2, or more
than 2-fold higher than the parental cell line or hnes, 1n termos of staimng, for exaraple, for

mitochondria or an optically labeled gene product.

1. Selecting for cellular content of peroxisomes, reactive sxvgen species, and pH

{0885} Peroxisomes are plastic sebeelinlar organelles found in nearly all cukaryotes. They
serve as the cell’s external sensors, functioning as hubs for reactive oxygen species (ROS), lipids
and amino acid B-oxidation (reviewed in Smith and Aftchison, 2014). Peroxisomes can be labeled
with expression-based labeling, in which a fluorescent protein would be targeted to peroxisome

using peroxisomal targeting sequence.
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{0086} Examples include the following: CellLight™ Peroxisome-GFP, BacMam 2.0
(Tavitrogen, C10604); paKate2-peroxi (Evrogen, FP313); and pPhi-Yellow-peroxi-peroxi (Evrogen,
FPs06).

{80871 After staining with any of these dyes, cells may be selected (for example, by flow
cytoraetry and sorting) that have on average a level of staining that {s at least 1.2, 1.5, 2, or more
thagn 2-fold higher than the parental cell line or lines, in terms of staining, for example, for
peroxiscrass of an optically labeled gene product.

{6088} This disclosure demonsirates for the first tme that increased cellular content of ROS
correlates with enhanced viral production. Reactive oxy gen species (ROS), such as superoxide
anion (07, hydrogen peroxide (F1,01), and hydroxy radical (HOs), constitute radical and non-
radical oxygen species formed by partial reduction of oxygen . Cellular ROS are gencrated
endogenously as in the process of mitochondria oxidative phosphorvlation and have been imphcated
it a variety of pathological diseases such as cancer, neurodegencration, and aging.

{60891 Cellular reactive oxygen species can be measured using flnorescent probes, wherein
upon oxidation, these reagents exhibit strong fhuorescence and remain localized within the cell.
These dves are commerciafly available and include the following: From ThermoFisher: CellROX®
CelIROX® Urange; CeHROX® Deep Red; and H2DCFDA. From Abcam: DHE
{Dibydrocthidium) Assay Kit.

(reen;
{6096} Intracellular redox levels can be determined using OxyBURST Green reagents,
RedoxSensor Red CC-1 stain, and reduced calcein, ethidivm, fluoresceins, MitoTeaker probes, and
thodamines. [nfracellular pi can be deternined using 9-amino-6-chlore-2-methoxyacridioe
{ACME), BCECF indiator, dextran conjugates, fluorescein and fluorescein derivatives, 8-
hydroxypyrene-1,3,6-trisntfonic acid (HPTS), LysoSensor probes, Oregon Green dyes, pHrodo

indhator, SNARF indicator, and thinl-reactive pH indicators.

11. Selecting for levels of other intracelular organelles

{0091} Alterpatively or in addition, bigh producer cells can be identified or selected according
to intraceltular content of other organclies.

{6892} Selecting for endoplasmic reticulum (ER) and/or Golgi apparatus. These organclies
play a central role in protein prodaction. Either or both of these can be measured and used as a basis
for sorting or selection without damaging the cell using a vital dye, and the cells can be selected on
the basis of the amount of dye that 15 associated.

{0893} Such dyes can be obtained commercially, for example from the company Molecular
Probes. Examples of vital dyes for BR inchude: ER-Tracker™ Blue-White DPX (E12353); ER
Tracker™ Groen (ghbenclamide BODIPY® FL) (E34231); ER-Tracker™ Red {glibenclamide
BODIFY® TR) (34250), DiOC, (D273); and DIOC«(D272). Vital dics for Golgi apparatus include
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NBD Co-6-ceramide (N1154); NBD Cé-sphingomyelin; BODIPY® FL CS-cerimude (33521); and
BODIPY® TR ceranide (D7540).

{6094] Alternatively or in addition, the user can test expression-based labeling systems that
would introduce a fluorescent protein targeted 1o ER or Golgi. They are fusion proteins comprising
a portion that expresses an optical label, fused with a protein scquence that targets or is processed by
the organclle to be labeled. Examples inchude the following: From Invitrogen: CellLight™ ER-GFP
(C10590); CelLight™ ER-GFP (C10591); CellLight™ Golgi-GFP (C10592); CeliLight™ Golgi-
GFP (C10593). From Evrogen: pmKEate2-ER (FP324); pFusionRed-ER (FP420); pTagRFP-Golgt
(FP367y; pTagRFP-Golgl (FP367)and pFusionRed-Golgl (FP419). From Clontech: pDsRed2-ER
Vector (632409); pDsRed-Monomer-Golgl Vector (632480); and pAcGFPI-Golgl Vector (632464 ).
[86095] After staining with any of these dyes, cells may be selected (for example, by flow
cylometry and sorting) that have on average a level of staining that is at least 1.2, 1.5, 2, or more
than 2-fold higher than the parental cell line or lines, in terms of staining, for example, for ER,
Golgi, or an optically labeled gene product.

{0096} Selecting for high cellular content of micleoli. The nucleolus is the largest subrnuclear
organelie in the cell where ribosomal RNA are assembled and transporied to the cytoplasm and
support the protein translational machinery. Nucleoli can be labeled in a cell by vital dves.
Fluorescent probes targeting ribosomal RNA can also be used to selectively stain for this
suborganclile. Exaraples include the following: Nucleolar Staining Kit {Abcanm, abi39475);
NUCLEOLAR-IE Gereen Detection Kit (Enzo Life Scignces, 51009-500); and SYTO RNASelect
Green {Invitrogen, S32703)

{6897} After staining with any of these dyes, cells may be selected (for example, by flow
cytonetry and sorting) that have op average a level of staining that is at Jeast 1.2, 1.3, 2, or muore
than 2-fold higher than the parental cell ine or lines, in terms of staining, for example, for micleol

or an optically labeled gene product.

12. Characterizing bigh producer cell Hnes

{6098} Cell hybrid cells that have been optimized for the production of viral vectors and
paticles can be characterized by one of more cutera in any combination
[6099] Suitable criteria include cell karvotype. Chromosome patterns can be characteristic of
homotypic and heterotypic cell fusions. The following charactensiics may be favorable for vinus
production:

s duplication of chromosomal segments

e loss of chromosomal segments (90%, 80%, 70%, 60% or less than 50% of original scgment

§17¢)
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s differences in heterochromatin distribution and amounts (differences of 10%, 20% or greater
than 20% and/or distribution differences of helerochromatin greater than 20%)
¢ franslocation evends {2 or more translocation events on the same or different chromosome
segment compared to parental cell line}
{0108} Produacer cells can also be characterized on the basis of cell phonotype, such as
intracellular content of mitochondria, peroxisomes, reactive oxygen species (RUS), endoplasmic

reticulam, Golgi apparatus, nucleoli, and so on, using the materials provided above.

13, DBetermining production capacity and characteristics of producer cefls

{0161} A cell line or mixed cell population that has been selected for high levels of virus
production may be characierized in comparison with the parental or oniginating cell line by any one
or more of several different parameters. For example, the selected cells may have: (1) a genome that
is more ancuploid than the starting cells, containing part or all of the genome of two or more
parental cell lines (which may or may not be the same), (2) a kigher concentration of mitochondria,
peroxisomes, endoplasmic reticulur, Golgi apparatus, reactive oxygen species, or other phenotypic
feature compared with any one o1 all of the parental cell lines (for exanmple, between 2 to 5-old or 4
1o 8 fold, or more than 2-, 4-, or #-fold higher), (3} a capacity to produce a level of viras per cell or
per Hier of colhwre fluid that is substaotially higher than the parerdal cell line (for example, between
2 to S-fold or 4 to 8 fold, or more than 2-, 4-, or 8-fold higher), {4) a capacity to produce a particular
amount of virgs per celt for example, more than 50, 63, 75, 100, 150, 200, 300, 300, 2000, 5000, or
20,000 capsids per cell; (5) a capacity to produce a certain amount of vires per volure of calture
fhiid (for example, at least 3, 8, 12, 20, or 30 grams, or between 8 and 20 or between 10 and 50
grams of virus per hiter of culture fluid; or (6) 4 capacity to produce viral vectors or particles that
have a higher proportion of payload-carrying capsids {50% higher, or 2 or 3-fold).

{0102} For the purpose of making such comparisons, the producer cell line can be compared
with a standardized population of the original cell line, either kept on hand, as part of the same

systern, or obtained from a reference source. For example, CHO derived producer cells may be

ol

compared with CRE-12023 cells from the American Tvpe Culture Collection (ATCC®). This
disclosure includes svstems for high-level production of virus-based pharmaceuticals, comprising
both a starting cell ine, and a producer cell line derived therefrom that Ias a relatively high density
of mitochondeia and/or reactive oxygen species (ROR) per cell, as determined, for example, using

one or more of the vital dyes listed above.
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14, Genetically altering producer cells to synthesize and produce viral clements

{0103} To gencrate a cell bine expressing viral gene products, producer celis or their precursors
can be transfected with a single gene encoding viral elements such as proteins and nucleic acids.
More often, the viral clements are introduced into a host cell nsing multiple vectors. .

{8104} The expression of the gene casseite(s) can be under control of following combinations
of mammalian promoters: ubiquitous, endogencus viral promoters (not ubiquitous, ¢.g. pS and p19),
hybrid promoters, and/or inducible promoters that cause expression of single or multiple gene
cassette(s) in the host cell line. The gene can be placed 1o forward or reverse orientation with respect
o the promoter. The gene or plurality of genes can be flanked by recombination sites (FRT and its
variants, and/or Jox and its variants). These recombination site variants include: loxP, lox511,
jox2272, FRT or mFRT71. Site specific recorabinases such as Cre or Flippase is expressed in the
same cell o allow for site-specific recombination and change the orientation of the gene from
reverse to forward.

{8105} For example, the recombinase can be expressed by transient transfection wherein the
gene encoding for the recombinase ts under the control of ubiguitous or inducible mammalian
promoter. In another illostration, purified recombinase protein or mBNA can be transfected into the
cell. In another ithistration, the recombinase can be delivered using adenovirns, lentiviruses, AAY,
Moloney Munine Lewkenia Virus (MMLV), Murine Stem Cell Virus (MSCV), Vesicular Stomatitis
Viruses (VSV), or Herpes Simplex Viruses (HSV). Multiple genes can be expressed by the same
promoter through the use of polycistronic elements such as T2A, P2A, E2A, F2A, IRES and IRES2
clements. Inducible promoters result in expression of gene or gene cassetic upon addition of a
stimufus, that can be chemical (¢.g. doxycycling, fetracycline, cumate, recombinase such as Cre or
Flippase) or physical (e.g. blue light). The level of production of the target protein can be
determined in the course of processing using a transient transfection method to insert a gene
expression cassette,

3106} Alterpatively or subsequently, peemaneot transfection can be done that integrates the
gene of inderest and/or a marker gene into the genome of the cell line. Multiple copies of gene
integration {as rauch as fifty of integrated copies per cell} can be achieved by co-transfection of
transposase and gene cassette flanked by transposase recoguition sites known as tragsposase
inverted terminal repeats.

{3107} Adenoviras, adeno-associated viruses (AAV), and lentivirases can be produced by
transient transfection of one or more combinations of the following vectors into a cell line: helper,
packaging, envelope, and/or transfer vectors. Gene cassette for helper, packaging, envelope and
wransfer vectors differ depending on the type of vinus produced. Helper vector can express E2ZA and

E4 genes as well as the VA RNA for adenovirus and AAV. In another ilhustration, packaging vector
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expresses Rep and Cap genes for adenovirus and AAV while a different packaging vector expresses
QGag, Pol, Rev and ifs response elements for lentivims production

{0108} Alternatively, Rep or envelope genes can be expressed in an inducible manner wherein
Rep gene cassette is split in twe segments (37 and 37 segraent) and these two segments are joined by
stop cassette, containing transcription termination and polyvadenviation sequences flanked by two
homaologous recombination sites, located 1 cis. In another preferred lustration, B2, B4 and VA
cassette is placed under the control of an inducible promoter in the reverse orientation with respect
to the promoter. Activation of BEVY is achieved through debvery of Cre and Doxyeychine. Ina
preferred Hustration, loxP and loxS11 is used to recombination Other heterologous recombination
sites can be used: lox2272, FRT, and mFRT7L. In the case that any combination of FRT and
mERT71 recombination sites are used, Flippase must also be delivered to the cell. Envelope vector
is only required for production of lentiviruses not adenovirus or AAV. Transfer vectors backbone
containing gene of inferest is unique to virus type. Lentivirus transfer vectors backbone counsists of:
5% and 37 LTR, Psi packaging signal, and Woodchuck Hepatitis Virs Posttranscriptional Regulatory
Element (WPRE). Adenovirus and AAV ransfer vector backbone contain inverted terminal repeats
flanking promoier, gene of inferest, and WPRE.

[10%] Adenovirus or AAV can be produced by transfection of helper, packaging, transfer
vectors into a cell line which does not contain infegrated copics of any of the viral vectors. In
ancther tlustration, transfer vector {expressing gene of interest) is transfected ina cell line
containing stable indegration of helper and packaging clements. In another ilustration, the cell lue
gy have stable integration of helper, packaging and transfer vectors.

{116 Leativiros can be produced by transfection of packaging, envelope, and transfer veciors
into a parental host cell hne. In another ithusteation, lentivirus is produced by transfection of transfer
vector {(expressing gene of interest) into a cell hine containing stable integration of helper and
packaging clements. ln another lustration, virus is prodoced 1o the cell Hne with stable integration
of helper, packaging and transfer vectors.

{0111} Transfection can be done using liposome-based reagents (for example,
Lipofectamine™ 3000, Expifectamine 293, FuGENE™ HD, X-Fect nanoparticles polymer, Trans-
IT Pro reagents, Trans-IT VimsGen, polyethylemmine), calcium phosphate, electroporation, or
infection with an adenovirus, retrovirus or lentivinus-based vector,

{0112} Following transfection, the cells are tested for production for packaging of the intended
vims: for example, by enzyme-linked imrmunosorbent assay (ELISA), quantitative real-time PCR
(qPCR), or biolaver interferometry (BLI). Cells or clones having increased production of the
desired virus are sclected. The objective can be an increase in virus production that is 1.5, 2, 4, &,
£2, 16, 20, or 100-Told higher than the parenial celt line; and/or production at a level of greater than

£012 viral gesome/md or capsids/ml for AAV, and/or greater thas 108 infections units (JFU) per mi
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of culture fluid noder typical manufacturing conditions. The virus of interest can also be tested for
other desired characteristics, such as full to empty capsid ratio and functional titer.

{0113} In principle, the transfection can be done either before, during, or after one or more
cycles of fusion and selection for other features. For exarople, the fusion and seleciion canbe done
before transfection with the packaging, helper and transfer vector containing gene of interest,
thereby establishing a parental cell line suitable for high-level of virus production of the user’s
choice. Alicenatively, the transfection can be done info the originating parental cell line contaimng
gene(sy of interest and used to track prodoction levels during subsequent fusion and sorling steps, or
to provide another basis for such sorting. Alternatively, the transfection can be done as an
intermediate step, wherein the cells have already been subject to one or more cycles of fusion and
selection for some other feature such as ER, Golgt, mitochondria, peroxisomes, nucleoli or other
proteins (referred (o carlier in this disclosure). The resulting hybrid is transfected to express virns of
interest, and then subjected to further cycles of fusion and selection for expression of the viras of
interest and/or other features referred to carlier in this disclosure.

[0114] Another option is 1o develop a cell line using a reporier gene as a proxy for the virus
pavioad that uitimately will be manufactured: for cxample, secreted alkaline phosphatase, secreted
huciferase, fluorescent virus payloads such as red fluorescent virus pavload or green fluorescent
virus payload. Again, the {ransfection can be done before, during, or after multiple cycles of fusion
and selection, opticnally using the level of expression of the marker as the sclection criferia inone or
more of the cycles. This creates a parerdat cell line that is optimized for expression of the marker
virus payload, with the expectation that the beneficial characteristics of the cell line will be retained
after further genetic alieration to produce a biclogical product of commercial inierest,

{8115 Ultimately, once a cell ine has been developed having a desired level of expression of
the marker virus payload, the marker 15 then replaced with the viras payload of interest.
Transfection can again be done randomly into the genome, using the techniques listed above, and
expression of the reporter gene is curtatled. Alternatively, the gene for the reporter gene can be
substituted with a gene that encodes the viras payload of inferest using a targeted integration
techmique. Such techniques comprise, for example, CRISPR/Cas virus pavloads, CRISPR/Cas
associated fransposase (CASTS), recombinase cassette exchange (RMCE), a zinc-finger
recombinase (ZFR), or a transcription activator-like effector puclease (TALEN). That way, the gene
of interest is inscrted into the genome of the cells from the producer cell line or the mixture at a
location that is pre-selected as permitting or supporting a high level of transcription, compared with

other locations in the genome.
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15. How to use transposases for stable transfection of producer cells

{0116} Transposons are DNA sequences that can move one position of the DNA via (1) copy
and paste or (2) cut- and paste mechanisms. They have recently emerged as pronusing molecular
biology toolkits for gene amplification where as much as 50 copies can be introduced into the
genome. Compared to transposons, fraditional iransfection techniques vsing chemical-based
methods or clectrical currents can only infegrate single or very few copies of fransgene into the host
Zenome.

0117} By way of illustration, a Class { transposon, “Sleeping Beauty” may be used to stably
ipteeduce reultiple copies of viral genes indo the celis. By predictably introducing desired copy
nombers of specific viral genes stably into the cell, benefits of maxtmiziag viral production can be
realized. The optimal ratio of viral proteins is critical for proper packaging of lentiviruses,
adenoviruses and AAV and can vary depending on the type of virgs. The 1dea of the ase of Class
transposon {Sleeping Beanty and PiggyBac to amaplify copy mumbers of integrated viral genes nto
the cell can also be applied to Class T transposons and CRISPR transposons (CASTs; Mougatkos
and Beisel, 2021).

{6118} The multi-component molecular systenis such as SunTag system can be used to
amplify gene expression of viral gences in a cell line without the use of Sleeping Beauty transposase
systemn. Global transcription factors such as Tat or p300 arc tagged with multiple copies SunTag
scaffold contatning multiple copies of GUN4 epitope. Cognate scEv fragment are fused to
heterotypic fusion protein consisting of the ransactivation domains: p53, VP64, p65, and Ria
(SSPVP), see FIG. 3). When these components are co-expressed in the cell, hereby called super
transcriptional activation complexes (STAC), this can result in amplified gene expression of the
viral genes in a synergistic manner. In contrast to amplified gene copies using {ransposase syster,
benefits of amplified gene expression for cells containing few gene copies integrated can be realized
asing such sysiems. This would allow for araphification beyond the sormal level of endogenous

biclogical systems.

16, Suitable viral strains for use in therapy

[6119] The technology of this disclosure can be implemented in any viral strain sclected by the
user, rautatis pwtandis. TABLE 1 provides some exanaples of viral gene elements that can be
transfected inte the producer cell hines of this disclosure for preparation of lentivirus, adenovims,

and AAV vectors,



WO 2023/239928 PCT/US2023/024973

TABLE 1. List of viral types and elements transfecied into the producer cells,

Element Virus Typs Inducibie Heason
Gag-Fol, RRE Lentivirus no

Tat Lentivirus ne
Ray Lentivirus no

VSV-G Lentivirus yes ratio of eav:g:;%es ia;oéziz ,O ‘;}/ﬁ;i—;{o Gay-Pol
VP Adeno/AAV ne
VP2 Adenc/AAY no
VPR3 Adeno/AAV ne

Rep78 Adenc/AAYV yes Cytoxic

Rep&a Adeno/AAY yes cytoxic

Rep52 Adena/AAY ne

Repdl Adenc/AAY no
£24 Adeno/AAY yas high concentration results in celi death
E4 Adenc/AAY yes high concentration results in cell death
VA Adenc/AAV yes high concentration results in celi death

17. Promoters for expressing viral gene elements stably transfected inde producer cell lines

{6128 If a producer cell fine is stably fransiected to integrate viral transgenes into the cell’s
geoome, i is someiines helpfitl inthe regulation of such cells if the promoters used to dove the
expression of viral genes 1o producers cells are inducible,

{81213 An exaraple is the cumate inducible promoter (CymR), a repressor that binds o the
cumale operator sequences (CuQ) ia the absence of Cumate. In presence of cumate, Cumate binds
to CymR allowing for activation of gene downstream of Cu. U. S Patent Nos. 8,728,759 and
7,745,592 B2, Also suitable arc tetracycline response clements (TRE), which can be induced using
doxyeycline or tetracychne. Light inducible promoters can also be used, such as the blue light

inducible promoter from GenTarget, Inc.

— 24—
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18. Methods for quaniifying levels of viral production from cell hybrids

{122} Real-time quantitative PCR measures viral {rangcription, concentration of viral genome
{(vg/ml). Each viral particle typically contains one viral genome. Virases are treated with Dnagse | to
remove any of the host genoniic DNA. Primers binding to targeted regions in the fransfer vector are
used and amplicon is detected by either probe-based method or SYBR Green, which binds to the
amplicon.

{68123} Indirect ELISA and biolaver interderometry (BLT) are used to measure fotal capsid
AAV particles, These measurcments utilize an antibody against an abundant capsid protein present
ig AAV serotype. Samples are captured by capsid antibody and detected using biotinylated capsid
antibody and Streptavidio conjugated to HRP for chemilwminescent detection,

[6124] For lentivims, infectious particies can be measured by inditect or sandwich ELISA
using antibody to p24. Anti-p24 is used to capture samples and detected using biotinylated anti-p24
along with Streptavidin conjugated to HRP for chemiluminescent detection.

{6125} Punctional titer or infectious titer of virnses 18 the concentration of viral particles that
can transduce cells. Functional titer can be measured by cell transduction using a flucrescent or
chemiluminescent protein as a reporter. Cell lines are infected or transduced with packaged viruses
at specific multiplicity of infections (MUOI). % of cells expressing reporier gene are guantified and

correlated with the # of virus particles used to fransduce cells.

19, Pharmaceutical payioads and therapeutic applications

{6126} Viral vectors and particies produced according to this disclosure can be used for
delivering a variety of pharmaceuntical payloads to human subjects in need thereof. Suitable are
proteins and nucleic acids of various kinds, or a combination thereof. Treatment is done by
administering to a subject an amount of the veoctor or particle that is effective in achieving one or
more clinical aims.

[6127] The technology of this disclosure is advantageous for delivering a nucleic acid, a
protein, or mixture thereof for purposes of inducing a specific imunuonlogical response. Tustrative
pavicads for immunogenic corapositions or vaccines are shown in TABLE 2. The packaged pucleic
acid encodes one or more epitopes from the intended immune target, and optionally one or more
additional proteins that may act as an adjuvant or stimulant to enhance trareunogenicity. The target
may be an infectious agent, such as a pathogenic viras, bacteria, or protozoan. Alicraatively, the
target may be a cancer cell, i which case the encoded epitopes are epitopes expressed by the cance
cell that are specific (o the cancer or to the tssue type.

{128} For example, the technology of this disclosure can be used o prepare a composition to

induce a response to the SARS-CoV-2 virus, for the purpose of prevention or treatment of
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COVID-19. Representative immunogenic epitopes may be taken from any one or more of the four

SARS-CoV-2 structural proteins: namely, membrane glycoprotein (M), enwvelope protein (B),

nucleocapsid protein (N), and the spike protein (§). Most current vaccines against SARS-CoV-2

typically include or encede the whole spike protein. Ways to optimize the spike protein were

recently discussed by F. Heinz & K. Stiasay, NPJ Vaccines (2021) 6:104.

TABLE 2. Immunogenic payloads for viral vectors and particles

Clinical Trials

Namsa Disease Encoded antigen dentifier Phase
infections
} . ; . o i HH{EUA
MRNA-1273 SARS-CoV-2 Spike NCTG3470427
and CMA}
) i {EUA
BNT162h2 SARS-CoV-2 Spike NCT04368728
and CMA)
CvnCoV SARS-CoV-2 Spike NCTQ4852102 il
LNP- o . ISRCTN170726
ACoVSaRNA SARS-CoV-2 Spike 92 |
ARCT-021 SARS-CoV-2 Spike MNETD4728347 it
ARCOV SARS-COV-2 Recegmr—mndsng ChiCTRZ2000034 |
domain 112
MRNA-1440 influenza H10Ng Haemaggiutinin MCTD3076385 |
MRNA-1851 influenza H7NS Haemagglutinin NCTG3345043 |
Pre-membrane and
mRNA-1823 Zika virus anvelope NCT04064805
glycoproteins
Hesgpiratory
MRNA-1345 synoytial Fglycoprotenn MNETD4528719
Virus
Metapneumovirus WPV and PIV3 F
: arainfiuenze 1PV an
MRNA-1653 and parainfuenza _ NGTD3392389
virus type 3 glycoproteins
{MPV/IPIV3)
MRNA-1647 Cytomegalovirus | G aMeNic complax NCT04232280 i
and B glycoprotein
Shikunau Chikungunya virus
mRNA-1388 Chikungunya NGy it NCTD3325075 |
VITuS antigens
CV7202 Rabies virus G glycoprotein NCT03713086 |
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Cancer

MRNA-SG71/

Nen-small-cell
ung cancer,

colorectal cancer,  KRAS antigens NCTO3948783
Vo4t pancreatic
adenncarcinoms
3 . Parsonalized _ i
MRNA-4157 Melanoma . NCTG3887881 il
neocantigens
Gastrointestinal Farsonalized
MRNA-4850 ) NCT03480152 I
cancer naoantigens
—_— ) NY-ESO-1, tyrosinase, PP
FixVac Melanoms MAGE-A3 TPTE MNCTO2410733 |
) Triple-negative Personalized
TNEC-MERIT ) ) ) NCT02316457 |
braast cancer neoantigens
HPV-positiv HPV oncoproteing £6
HARE-40 HPV-positive P NCTO3418480 il
Cancers and E7
Parsonalized
RO7198457 Melanoma . NCTG3815058 il
necantigens
. Ovarian cancer
;e arian Cance ; {
W _ovat Qvarian cancer antigens NCT04163084
R AH The technology of this disclosure can also be used for the purpose of gene therapy: for

example, delivery of a nucleic acid encoding a gene product that is missing or defective inthe
subject being treated, or targeted to pathogenic cells in the subject, particudarly cancer ells.
Therapeutic purposes include but are not lmuted to expression of a therapewtic protein encoded in
the nocleic acid (such as a cytokine or anti-cancer agent), expression of an essential protein that the
subject is unable to produce themselves, or delivery of 3 gene editing system soch as CRISPR/Cas®
or a guide RNA. Other possible therapeutic payloads may include DNA antisense oligonucleotides,
DINA aptamers: micro RNAs, short interfering RNAs, ribozymes, RNA decoys and circular RNAg
that specifically increase or decrease expression of a particular endogenous gene in the subject or an
infectious agent. K. Sridharan et al., Br § Clin Pharmacol. 2016 Sep; 82(3): 659-672.

{8136} Hinstrative pavicads for gene therapy are shown in TABLE 3. In the examples shown,
the nucieic acid encodes a therapeutic antibody (for passive imunization), anti-cancer drugs such
as cytokines and chemotactic factors (for cancer treatment), and natural human proteing (to promote
synthesis of an essential factor that the subject may be lacking, such as in the case of a genetically
inherited condition). TABLES 2 and 3 are adapted from X. Hou et al,, Nat Rev Materials 2021,

10:1-17.
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Table 3: Nucieic acid sequences for gene therapy

Clinical Trials

Name Disease Encoded protein . o Phase
identifier
infections
. Antibody against
MRNA-1844 Chikungunya virus . ) NGTD3828384
chikungunya virus
Cancer
mRNA 2418 Solid tumors X400 NCTO3323388 i
mRNA-2752 Solid tumors OX40L, IL-23 and IL-36y  NCTO3738931 |
MEDI1191 Selid tumors L~12 NCT03846800 |
SAR441000 Solid tumors IL-12sc, iL-15sushi, NCTO3871348 |

1FNa or GM-CSF

Genetic disorders

Methylmaionic ] nvi-

MRNA-3704 I Methyimalony-CoA NCTD3810690 Il
acidaemia mutase

MRNA-3027 Propicnic Propiony-CoA NCTO4150103 1Al
acidaamia carboxylase
Crnithine

MRT5201 transcarbam Ornitaine NCT03767270 Il
ylase transcarbamyiase
deficiency

Cystic fibrosis
MRT5005 Cystic fibrosis fransmembrane NCTO3375047 14

conductance reguiator

angthvretin
Transthyretin CRISPR-Casd gene

NTLA-2001 armyloidosis with i NCT04801051
) s editing system
polyneuropathy
20, Medicaments and commercial products
{0131 Preparation and formulation of pharmaceutical agents for use according to this

disclosure can incorporate standard technology, as descubed, for example, in the most recent edition
of Remington: The Science and Practice of Pharmacy. The formulation will typically be optimized
for administeation systemically | either intramuscalarly or subcutancously, or for adminisiration
orally or nasally (for example, to stimulate the mucosal immune system).

{6132} Preparations of viral vectors and particles may be provided as one or more unit doses
{either combined or separate), each containing an amount of the pharmaceutical payload that is
effective in the treatment of a chosen disease, infection, or clinical condition. The commercial
product may contain a device such as a syringe for administration of the agent or composition in or

around the target tissue of a subject in need thereof. The product may also contain or be
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accompanied by an informational package insert describing the use and aticndant benefits of the

vector or particle in treating the condition for which it is indicated and approved.

Esampie 1 Production of protein by cell hybrids

{61334 In thus example, CHO celis were fused and sorted for a high content of endoplasmic
reticulum (ER) for the purpose of maximizing protein production.

{01344 CHO-K 1 cells were exposed o a PEG-assisted fusion procedure. The cells were
allowed to recover for one week, then the procedure was repeated for a total of three times.
Following recovery from the third fusion, the cells were stained with vital ER~tracking dye
{(ER-Tracker™ Green (glibenclanide BODIPY® FL); Tavitrogen, E34251) and sorted using a
FACSAnall™ cell sorter (BD Biosciences). Ten percent of the viable population exhibiting the
highest amount of staining with ER-Tracker dye was collected. Following a two-week recavery in
culture, the cells were exposed to a final fusion, stained with ER-tracking dve, and analvzed using a
LSRI™ flow cyicmeter (BD Bicsciences).

[0135] To measure protein production io the fused cells, and the parental CHO population, the
cells were transfected to express secreted allialine phosphatase (SEAP). The transfection was
performed as follows:

1. Centrifuge 10° cells.

2. Discard supernatant

3. Resuspend in 100 gl Cefl Line Nucleofector™ Solution T

4. Add 2 pug SEAP expression plasmud

5. Transfer to electroporation cavette

6. Electroporate using Amaxa™ Nucleolector I and preset program U-023
7. Add 0.5 mi growth medinm

8. Transfer cefls into 6-well plate containing 1 mib.. growth medizm per well
{0136} FIG. 7 shows the results (specific productivity of secreted alkaling phosphatase). The

expression of the marker protein (SEAP) in the fused cells shows over 4-fold improvement.

Example 2. Generatior of an AAY packaging cell line containing Rep-Cap and EEV gene

casseties using PiggyBac and Sleeping Beauty Transposase System,
2.1 Generation of cell line containing Rep-Cap (fH{EK-RC)

{8137} Vector containing Rep-Cap gene cassette (FIG. 2A) is wansfected into fused HEK 293F

(fHEK) cells by electroporation using Bio-Rad Gene Pulser. Vector DNA and PiggvBac

— 29 —
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fransposase vector are added to cell suspension, followed by clectroporation using single pulse
exponential decay. Post-transfection, sclection medinm countaining sclective concentration of
Blasticidin is added to medium and surviving cefls containing stable integration of Rep-Cap are
transfected to EEV casseties using Sleeping Beauty transposase system (FIG. 2B).

[0138] FIG. 3A: Rep-Cap inducible integration gene cassette. Rep-Cap gene cassettes are
flanked by PiggyBac transposon left and night inverted terminal repeats (TR and RTRs
respectively ) containing: 1) coding region of Rep and Cap expressed by the viral endogenous
promoter, ps followed by SV40 poly A wail. Rep gere cassette is split into §” and 3” region. A stop
cassctte containing transcription lermination sequences flanked by two lox® sites 15 placed in
between the 57 and 37 Rep gene cassette, in the coding region of Rep78. CMV promoter is nsed to
drive expression of Blasticidin resistance gene, followed by poly A tail.

{01394 FIG. 3B: Inducible cassctte for activation of E2ZA, E4 and VA RNA, abbreviated by
EEV and Cre recombinase. Inducible cassette is flanked by Sleeping Beautly fransposon inverted
terminal repeats, left and nght (abbreviated as LTRs and RTRs, respectively). EEV s in the reverse
orientation, flanked by heterologous LoxP sites. Upon activation of Doxveycling, cis-
reconbination would result in EEV in the correct forward oricntation, resulting in their expression
it a dose-~dependent manner. Cre recombinase is under the controf of Doxycycline via TRE
promoter (sce below). Dox binds to reverse fetracycline-controlled transactivator (vtTA) forming
Dox-rtTA complex. Dox-ttTA complex binds to Tetracycline-response element (TRE) to activate
dowanstrearn target genes, The ighibitor, reverse tetracychoe-conirolled trans-silencer (T S) serve
two functions: (1) minimizes the leaky expression of TRE promoter; and (2} enbances riTA activity
in the presence of Doxycyline serving as co-activator. Other abbreviations: Cbh, a CMV and

chicken beta-actin hybrid proroter, Hygro, Hyvgromycin resistance gene; pA, SV40 poly A tail.

2.2 Generation of cell line containing Rep-Cap and EFV (fHEK-AAV)

{51448} Vector containing E2A, E4 and VA zene/RNA cassetie {see FIG. 2B) and Sleeping
Beauty Transposase (SBT) is sequentially transfected toto fHEK-RC by electroporation using Bio-
Rad Geue Pulser using single pulse exponential decay. Post-transfected cells are grown in selection
medium containing Blasticidin and Hygromycin and surviving cells contain stable integration of

Rep-Cap and EEV casseites.

Exampie 3. Generation of AAV packaging cell line containing Rep-Cap and EEV cassettes
{(THEK-SAAVY)
{141} Vector containing EEY and STAC cassettes (FIG. 3) 1s transfected o fHEK-RC by

clectroporation using Bio-Rad Gene Pulser using single pulse exponential decay. Post-transfected
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cells are grown in selection medinm containing Blasticidin and Hygromycin and surviving celis are
stably integrated with Rep-Cap, EEV, and STAC gene casseties.

{3142} FIG. 3¢ Inducible STAC cassetie for amplified synergistic activation of E2A, 4, and
VA RNA (EEV). Inducible cassette is flanked by PiggyBac transposon twverted terminal repeats,
left and right (abbreviated as LTRs and RTRs, respectively). Transcriptional coactivator and histone
acety} transferase (HAT), p300 and the HIV-1 Tat transcriptional activator are both iethered 1o
roudtiple GCN4 peptides {(denoted by black rectangles). Both fusion proteins are expressed under
the control of a CMV promoter. Hybnd scaffold. SSPVP consisting of scFv fragment that binds to
GCNG peptide and transactivation domaing of p33, VP64 and p63 1o recruit additional transcuption
factors, HATs and co-activators to the basal transcription apparatus at the promoier.

{31431 Inducible cassette for activation of B2A, E4 and VA RNA, abbreviated by EEV and
Cre recombinase. BEV is in the reverse orientation, flanked by heterologous LoxP sites. Upon
activation of Doxycychine, cis~- recombination would result in EEV in the correct forward
orientation, resulting in their expression in a dose-dependent manner. Cre recombinase is under the
control of TRE promoter (sce below). Dox binds to reverse tetracvcline-controlled transactivator
(T A) forming Dox-riTA complex. Dox-rt{TA complex binds to Tetracycline-response clement
(TRE) to activate downstream target genes that would be only in the correct orientation upon Cre
recontbination evenis (e.g. EEV). The inhibitor, reverse tetracvcline-controlled trans-silencer
{r{TS) serve two fusctions: (1) minindzes the leaky expression of TRE promoter; and (2) enhances
e TA activity in the presence of Doxycvline serviag as co-activator. Other abbreviations: Chhy a
CMYV and chicken beta-actin hybrid promoter; Hygro. Hygronwycin resistance gene; pA, SV40 poly

A taid.

Example 4. Gesneration of lentiviras packaging cel line (fHEK-LV),

{144 Vector containing Gag, Pol, Tat and Rev (GPTR) gere cassettes and Bsd selection
grarker {see FIG. 4A) is transfected ioto fused HEK 293F (JHEK)) cells by electroporation using Bio-
Rad Gene Pulser. Vector DNA and PiggvBac transposase vector are added to cell suspension,
followed by electroporation using single pulse exponiential decay. Cells are grown in medivm
containing selective concentration of Blasticidin and surviving cells are expanded, herein called
fHEK-GPTR and prepared for transfection of VSV-G inducible gene cassette.

{145} FIG. 4A: Gag, Pol, Tal and Rev (GPTR) integration gene cassctte. GPTR gene
cassetles are flanked by PiggyBac transposon left and right inverted terminal repeats (TR and
RTRs respectively). CAG is a hybrid promoter consisting of CMV early enhancer element,
promoter of chicken beta-actin, and splice acceptor of the rabbit beta~-globin gene. pA, SV4G poly A

tail; Bsd, Blasticidin resistance gene.
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[0146] Vector containing VSV-G inducible gene cassette (FIG. 4B) is transfected into fHEK-~
GPTR by clectroporation using Bio-Rad Gene Pulser using single pulse exponential decay. Fost-
transfected cells are grown in sclection medinm containing Blasticidin and Hygromycin.

{81471 FIG. 4B: Tnducible cassette for activation of envelope VSV-G gene and gere encoding
for Cre recombinase. Joducible cassette is flanked by Sleeping Beauty transposon inverted terminal
repeats, left and right (abbreviated as L.TRs and RTRs, respectively). VSV-G is 1o the reverse
orientation, flanked by heterclozous Lox (LoxP and Lox51 1) sites. Cre recombinase is under the
control of TRE promoter (see below). Upon activation of Doxyeycline, Cre is expressed and cis-
recornbination would result in VSV-G in the correct forward orientation, activating VSV-Gina
dose-dependent manner. Dox binds {6 reverse tetracycline-controlled transactivator (TA) forming
Dox-1tTA complex. Dox-rtTA complex binds to Tetracycline-response element (TRE) to activate
downstream target genes. The inhibitor, reverse tetracycline-controlled trans-silencer (t1'S) serve
two functions: (1) mindmizes the leaky expression of TRE promoter; and (2) enhances rtTA activity
in the presence of Doxyevline serving as co-activator. Other abbreviations: Chh, a CMV and

chicken beta-actin hybrid promoter, Hygro, Hygromycin resistance gene: pA, SV40 poly A tail.

Example 8. Generation of lentivirus packaging ccll line containing GPTR, inducible envelope,

and STAC gene cassettes (FTHEK-SLV).

{3148} Vecior containing VSV-G and STAC cassetles (FI1G. 3) is transfecied into fHEK-
GPTR by electroporation using Bio-Rad Gene Pulser using single pulse exponential decay. Post~
transfected cells are grown in selection medium containing Blasticidin and Hygromwvein.

{3149 FIG. 5 Inducible STAC cassetie for amplified synergistic activation of VSV-G gene
as well as packagiog genes, Gag, Pol, Tat and Rev (GPTR, see FIG. 4). Inducible cassetie is flanked
by PiggyBac transposon inverted terminal repeats, left and right (abbreviated as LTRs and RTRs,
respectively). Transcriptional coactivator and histone acetyl transferase (HAT), p300 and the HIV-1
Tat transcriptional activator are both tethered to multiple GCN4 peptides {(denoted by biack
rectangles). Both fusion proteins are expressed under the control of a CMV promoter. Hybrid
scaffold, SSPVP consisting of scFv fragment that binds to GUN4 peptide and trapsactivaion
domains of p33, VP64 and po5 (o recrait additional transcription factors, HATs and co-activators to
the basal trapscription apparatus at the promoter,

NG Inducible cassette for activation of envelope VSV-G gene and gene encoding for Cre
recombinase. VSV-G is in the reverse orientation, flanked by heterologous Lox (LoxP and Lox511)
sites. Upon activation of Doxyevcline, Cre is expressed and cis- recombination would result in
V8V-G in the correct forward orientation, activating VSV-G gene expression in a dose-dependent
manner. Upon Boxyceyhine induction, Dox binds to reverse tetracychine~controlied transactivator

(itTA). Dox-rtTA complex binds to Tetracvcline-response element (TRE) to activate downstream
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target genes. The inhibitor, reverse tetracycline~-controlied trans-silencer (itT8) serve two functions:
(1) minimizes the leaky expression of TRE promwoter; and (2) enhances T A activity in the presence
of Doxycyling serving as co-activator. Other abbreviations: Chh, a CMV and chicken beta-actin

hybrid promeoter, Hygro, Hygromyoin resistance gene; pA, SV40 poly A tail,

5.1 Oher possible gene modifications and potential benefits

{0151} Chromatin modifications can contribute both positively and negatively 1o gene
transcription, Actively transcribed genes are enxiched in acetylation of histones in both the promoter
and the 5 regions of coding region of genes. Of the known enzymes histone acetyliransferases
(HATs) to-date, CBP/p300 globally acetylates thousands of sites. many of which are signature
histones sites for active gene transcription regions (Weinert et al,, 2018}, p300/CBP is often referred
as a single eatity due to their extensive bomology and functional siratlantics (reviewed in
Kouzarides 2007). p300/CBP also serve as a transcriptional coactivator, proteins which bridges
transcription activators and the corponents of the basal transcriptional apparatus (reviewed in
Janknpecht and Hunter, 1996). P300 acts as a transcriptional coactivator for large repertoires of
signaling pathways that include HIV-1 viral machinery and E1A recruitment for adenoviruses.
{0182} Benefits of enhanced viral production can be attained through increased exogenous
expression of a global HAT such as p300/CBP or attenuation of HDAC, an active competitor for
p300. HDAC deacetylates the same site as p300/CBP (Liet al, 2014},

Example 6. Generation of packaging cell line with exogensus expression of p360.

[6183] Vector containing coding region of p300 expressed under the control of a CMV
promoter and Blasticidin resistance gene (FIG. SA) is transfected into fused HEK 293F {HEK) cells
by electroporation using Bio-Rad Gene Pulser using single pulse exponential decay. Selection
medinm containing Blasticidin is added to mediun and surviving cells containing stable integration
of p300 are expanded.

{0184} FIG. 6A is a diagram of a p300 integration gene casseite. p300 gene is flanked by
CMV promoter and SV40 poly A tail. Blasticidin (Bsd) resistance gene cassette is placed
dowastrearn of p3006 gene cassette containing CMV prometer, gene encoding for Bsd, and SV40
poly A tail. FIG. 68 shows a HDAC shRNA geae cassette. HDAC shRNA is flanked by U6
promoter for shRNA expression. Blasticidin (Bsd) resistance gene cassette is placed downsteeam of
shRNA expression cassetie containing CMV promoter, gene encoding for Bsd, and SV40 poly A
tail, FEG. oC shows a Spliced Xbpl (Xbpls) gene cassette. Xbpls gene is flanked by CMV
promoter and SV40 poly A tail. Blasacidin (Bsd) resistance gene cassetic 1s placed downstream of

Kbpls gene cassctie containing CMV promoter, gene encoding for Bad, and SV40 poly A tail.
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Example 7. Generation of packaging cell line with knockdown of HBAC,

{155} Packaging of lentiviras is performed by complexing US-HDAC shRNA transfer vector
(FIG. 6B) with helper, packaging and envelope vectors using polyethylenimine. Compley is added
1o HEK 293 cells. Supernatant is harvested post-transfection and lentivirus titer is assaved by
sandwich ELISA. {HEK are infected with lentivirus particies containing US-HDAC shRNA. T
ransduced cells are grown in selection medinm containing Blasticidin and surviving cells containing
stable integration of US-HDAC shRNA are expanded.

{81561 Further enhancement of endoplasmic reticulun (ER) can be achieved through
activation of the Unfolded Protein Response (UPR) pathways. Under TR stress, uanspliced Xbpl
mRMA is cleaved by activated stress sensor frela, generated spliced Xbpl (Xbpls). Translated
Xbpls is trauslocated to the nuclens hundreds of target genes encoding for ER molecudar
chaperones, folding enzymes, and ER-associated protein degradation (ERAD). Enbanced Xbpls
can increase ER biogenesis in manmmary cpithelial cells (Sharmin et al., 2021). Benefits for
erhanced ER function by means of increasing expression of spliced Xbpl can be leveraged for

elevated vinus production.

Example 8. Generation of packaging cell line with exogenous expression of spliced Xbpis.

{6137} Vector containing coding region of Xbpl spliced {Xbpls) expressed under the control
of a CMV promoter and Blasticidin resistance gene (see FIG. 6C) 15 transfected into fused HEK
293F (THEK) cells by electroporation using Bio-Rad Gene Pulser using single pulse exponential
decay. Selection medium containing Blasticidin is added to medium and surviving cells contain

stable integration of Xbpls.

Example 9: Protocol for selection of fused cells with high mitochondria and high ROS

[0188] To screen for different phenotvpes of mitochondria and reactive oxvgen species (ROS),
hybrids were stained with CellROX® Deep Red Reagent, a fluorogenic probe for measuring celiular
oxidative stress in cells; TMRM (fetramethyl rhodamine methyl ester), which measures the
membreane potential of mitochondria in living cells; and Biotracker 4035 Blue Mitochondtia, which
stains the mitechondria merabrane. LIVE/DEAD Fixable NIR was vsed in this experiment (o stain
for live cells,

6159} FIG. 8 shows the workflow used. Fused cells were cultured in complete, ammal ongin
free (AQE), chemically defined cell culture medium: COM4 PerMAb + 6 mM L-Glutamine and
detached using StemPro™ Accutase™ Cell Dissociation Reagent. Samples of cells were combined

with a calculated volume of each dye to final concentrations in ~200 mL of cell suspension
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containing 1 x 108 cells in a 500 il shake flask. Samples were incubated @) 120 rpot in shaker
overnight at 37°C with 8% CO».

{8166] For cell sorting, 200 mi of cell sample was centrifuged at 300 x g for 5 min. The cell
pellet was suspended in Accuiase cell dissociation reagend, diluied, and sirained into a sierlle 30 ml
centrifuge tubes. Cells were sorted using a Seny SHB00S Cell Sorter with the following gates:

Gate 1 —cell D gate, Gate 2 - singlets gate; Gate 3 - live cells gate; Gale 4 — Biotracker 405 Blue
Mitochondria (select the top 10%); Gaie 5 - TMRE x CellROX Deep Red (select the top 10%
quadrant).

{8161} Popalations of 500,000 sorted cells were expanded for 4-5 days and used for single-celt
cloning in 96-well plates containing 150 ul of medinm per well. Once individual wells were 80%

confluent, they were expanded stepwise to 125 mb shake flasks, and used to create cell banks.

Example 10, Protocol for transient transfection of HEK 291 cells to express AAVY capsids

containing a reporter gene

{81624 Usefd sources for reagents are the AAV-MAX system, avatlable from ThermoFisher,
the VirusGEN® AAV Transfoction Kit, and the AA Vpro helper frec systems for various serotypes
of AAV from Takara.

{6163} The day prior to transfection, host cefls were seeded 125-mb cell culture flask at a
density of 3 x 10° viable cells/mL in 25 mL of complete, animal origin free (AQF), chemically
defined cell culture medivm (CDM4 PerMAb) with 6 mM L-glutamine, and grown to a density of
3.6 x 10° viable cells per mL with >90% viability. Cells were centrifuged at 300 x g in conical fubes
and resuspended in 25 ml of Viral Production Medium. After transfor to a now shake flask, 256 ul
of AAV-MAX Enhancer was added. Cells were cultured in a 37°C incubator on an orbital shaker
until the DNA/transfection complexation was complete,

{8164} FIG. 8 maps the plasmids used to make AAV vectors containing an enbanced green
flucrescent protein (EGFP) reporter gene for purposes of screening cell hybrids for virus production.

A ouix of these plasmids was prepared as shows in TABLE 4.
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TABLE 4: AAV plasmids used for transfection

Flasmid ; N fMolar . R DINA cone

function Size (bp} Name Ratio Size x ratio g DNA (La/ul)

Payload 5118 DAAV-EGFP 3 15,354 13.1 1.0

Rep/Cap - —n . .

oRCH 7330 pRCH 2 14,660 12.8 1.0

Heiper 11835 pHelper 5 58,175 48.5 1.0
{0165} 75 uk. of Trans-IT VirusGEN® was added to the plasmids 1o AAV CFS&E solution,

and incubated at room temperature for 15 minutes to allow transfection complexes to form. 2.7 of
this mixture was added o each 125 mi flask, and placed back in the incubator for 12 (6 18 h

0.3 mL of 0.5 M sodium butyrate was added, and the cells were harvested 72 b after transfection.

Ecorporation by reference

[0166] For all purposes in the United Sates of America, each and every publication and patent
docurpent referred to in this disclosure is mncorporated berein by reference in its entirety for all
purposes o the same extent as if cach such publication or docuraent was specifically and

individually indicated to be incorporated berein by reference.

Practice of the claimed invention

{8167} The technology provided in this disclosure and its use arc described within a
hypothetical understanding of general principles of vinus and pharmaceutical manufacture. These
discussions are provided for the edification and interest of the reader, and are not tntended to bt
the practice of the claimed invention. Al of the produocts and methods claimed in this application
raay be used for any suitable purpose withowd restriction, urdess otherwise indicated or required.
{6168} While this disclosure has been described with reference to the specific embodiments,
changes can be made and equivalents can be substituted o adapt this disclosure (o a particular
context or intended use as a matter of routine experimentation, thereby achieving benefits of this

disclosure without departing from the scope of what is claimed.
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CLAIMS

The invention claimed is:

1.

isd

n

A method of producing viral vectors or particles, the method comprising:
providing a starier population of cultured cells;
forming cell hybrids from the starter population, cach comprising two or more cells;
genetically altering the cell hybrds to express elements of a vimus and a payload;
culturing the genetically altered cells to produce the viral vectors or particles

containing said clements and encapsulating said pavioad.

A process for establishing a producer cell line for high efficicncy production of viral vectors
or particles, the process comprising:

() providing a starter population of cultured cells;

{b) forming cell hybrids from the starter popalation, each compnsing two or more
cells;

{c) dividing the cell hybrids 1o a phirality of aliquots;

{dy taling a sample of cells from each of the aliquots;

{e) genetically aliering cells in cach of the samples to express clements of a vires and
4 reporter gene;

¢fy measuring production of viral vectors or particles containing a product of the
reporter gene by cach of the samples, thereby identifying which aliquots contain cell hybrids
produce a ligher functional tiier of viral vectors or particles than celf hybrids in other
aliguots;

{g) growing cells from one or mere of the aliguots identified 1o step () to establish

said producer cell hine,

The process of clatm 2, wherein the cell hybrids formed in step (b) are cloned in step (¢}, or

wherein the cells measuared in step (f) are cloned during or following step (2).

The process of claim 2 or 3, wherein the reporter gerg encodes a protein that emits a

detectable signal, such as enhanced green fluorescent protein (BGFP).

The process of claims 2 to 4, wherein step (¢} compriscs sorting or separating cell hybrids

according to celf phenotype.
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13.

The process of claim 5, wherein the cell phenotype includes high or low intracellular
content of one or more organclies such as mitochondria, peroxisomes, endoplasraic
reticalum, Golgi apparatus, or nucleoli, and/or one or more cytoplasmuc or transceliular

features such as reactive oxygen species (ROS), cellular redox, or pH.

The process of clam 3, wherein the cell phenotype ncludes a combination of bigh levels of

mitochondeia and ROS per cell

The process of claims 2 to 7, wherein step (f) comprises identifying which aliquots contain

cell hybrids produce more viral capsids per cefl.

The process of claims 2 to 8, wherein step (f) comprises identifying which aligquots produce

a greater proportion of capsids that arc filled with the reporter gene.

The method or process of any preceding claim, further comprising selecting cell hybrids or

cell aliquots that have a higher growth rate than other cell hybrids.

The method or process of preceding claim, wherein the starter population is a single cell

line,

The reethod or process of any preceding claim, whertein the stagter population is selected
from:

a cell Hine selected from CHO cells, mouse wyeloma NSO cells, mouse mycloma
SP2/0 cells, human embryonic kidney 293 (HEK 293) cells, baby hamster kidney 21 (BHEK-
21y cells, VERQO celis, PER C6 cells, and Hela cells;

auatoty pic hybrids thereof, and

hybrids of such cells with cells from another cell line or with primary cells.

A process for establishing a producer cell line for high efficiency production of viral vectors
or particles, the process comprising:

{a) providing a starter population of cultured cells;

(by forming cell hybrids from the starter population, each comprising two or more
cells;

{c) dividing the cell hyvbrids into a plurality of aliquots;

{d) testing the aliguots or a subpopulation thereof to identify which aliquots have

higher amounts of nitochondria and/or reactive oxygen species {ROS) per cell;
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14.

16.

19

™
<

{e) growing cells from one o7 more of the aliquots identified in step (d) to establish

said producer cell line.

The process of ¢laims 2 to 9 or ¢laim 13, further compuising genetically altenng celis from
the producer cell line to express a transgene eoncoding one or more clements of a vires,

thereby adapting the cells to produce a viral vector or patticle containing said clements.

The process of claim 14, further compusing genetically altening said cells to express a
transgene encoding a payload, thereby adapting the cells to produce a viral vector or partick

encapsulating said payload.

A producer cell line adapted for high efficiency production of viral vectors or particles,

established according to the process of any of claims 2 to 9 and 13 10 135,

The producer cell line of claim 16, which has been genetically altered o express a transgene
encoding one or more clements of a virus, thereby adapting the cells to produce a viral

vector or particle containing said elements.

A line of producer cells wherein each cell is a hybrid of two or more paresntal cells froma
statter cell population, wherein the producer cells comprise an expressible transgene that
cncodes one ot more elements of a virus, whereby the cells are configured to produce a viral

vecior or particle containing said elements.
The producer cell ine of claim 17 or 18, wherein the cells further comprise a transgene
constituting or encoding a payload, thereby adapting the cells to produce a viral vector or

patticle encapsulating said payload.

The producer eefl line of claim 19, wherein the pavioad inchides a nucleic acid configured

for expression in a human subject in vivo upon administration to the subject.

The producer cell line of claim 19, wherein the payload includes a protein configured for

delivery into cells of the subject upon administration of the particle to the subject.

The producer cell line of claim 19, wherein the payload includes a nucleic acid or a protein

configured for transfection of cells ex vivo,

— 39 —
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The producer cefl line of any of claims 18 to 22, wherein culturing the producer cells

produces at least 500 or 5,000 viral vectors or particles per cell.

The producer cell line of any of claims 18 to 23, which compared with cells from the staxer
celi population that have been genetically altered with the same transgenes, produces niore
viral vectors or particles, produces viral vectors or particles with bigher functional titer, or

prodoces vieal vectors or particles with a bigher proportion containing said payload.

A method of manufacture, comprising culturing cells from the prodacer cell line of any of

claims 19 to 24 to produce viral vectors or particles encapsulating said payicad.

The method of claim 1 or claim 25, firther comprising punfving the vectors or particles
from the cell culture, and compounding the vectors or particles 1o produce the
pharmaceutical product in 2 manner such that the product is suitable for human

adnunisiration.

A pharmaceutical product for administration to a buman subject, obtained according to the

method of claim 25 or 26

A therapeutic product configured for ex vivo therapy of a human subject 1o need thereof,

obtained according to the raethod of claim 25,

A method of therapy, comprising administering to a subject in need thereof a

pharmacentical product of clamm 27
A method of ex vive therapy, comprising contacting a plurality of celis that are auiclogous
or allogenic to a subject with the therapeutic product of claim 28, and thereafter

administering the cells to the subject.

The method, process, or product according to any preceding claim, wherein said viral

vectors and/or viral particles arc adeno~associated virus (AAV) vectors or particles.

Use of a method, process, or product according to any of clairas 1 to 26 in the manufacture

of a vital vector ot padicle for treatment of a buman disease or condition.
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34.

The method, process, or product of any of claims 1, 15, 19-22 and 24-25, wherein the
payload is a polynucleotide encoding a gene product for genetic therapy of a human subject

in need thereof.
The method, process, or product of any of claires 1, 15, 19-22 and 24-25, wherein the
payioad is a target antigen of a pathogenic microbe or a nucleic acid encoding said target

antigen, for cliciting an immune response in a subject in need thercof against said microbe.

The method, process, or product of claim 34, wherein the microbe 1s SARS-CoV-2, the

viras that canses COVID-19.

— 4] —



