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MODIFIED VIRUSES AND VIRAL PARTICLES,
METHODS OF MAKING, AND USES THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority under 35 U.S.C. §119 from Provisional
Application Serial No. 63/170,100 filed April 2, 2021, the disclosure of which is incorporated
herein by reference.
STATEMENT OF GOVERNMENT SUPPORT
[0002] This invention was made with Government support under Grant Nos.
CA222826, GM123313, and HG009285, awarded by the National Institutes of Health. The
Government has certain rights in the invention.
TECHNICAL FIELD
[0003] The disclosure provides methods for coating viruses and viral particles with
membrane fragments to circumvent immune responses, the coated viruses and viral particles
resulting therefrom, and the use of the coated viruses and viral particles in various
applications, including gene therapy and genome engineering applications. The disclosure
further provides methods for making ligand-modified viruses and viral particles, the ligand-
modified modified viruses and viral particles resulting therefrom, and the use of the ligand-
modified modified viruses and viral particles in various applications, including gene therapy
and genome engineering applications.
SEQUENCE LISTING
[0004] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, generated on April 1, 2022, is named Sequence ST2S5.txt and is 3,604,142 bytes
in size.
BACKGROUND
[0005] Viral gene therapy is a method to directly target mutations at a molecular
level. Viruses are effective at delivering genes into the nucleus of the cell, but are easily
recognized by the immune system, which can lead to increased side effects and rapid
clearance. Adeno-associated virus (AAV) has been used increasingly as a promising vector
for viral gene therapy. AAV is a small, non-enveloped virus that can transduce both dividing
and quiescent cells, making it useful for many applications in viral gene therapy. The host’s
immune response to AAV is not a systemic response, and is limited to neutralizing
antibodies, which leads to clearance, but no side effects. AAV is also nonpathogenic and
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therefore generally regarded as safe. Therefore, AAV has great potential in viral gene
therapy if shielded from the immune system during transport.
[0006] There are currently multiple strategies being developed in an attempt to
improve gene delivery by AAVs. A common method is shielding the AAV in a polymer
such as polyethylene glycol (PEG). The difficulty with this strategy is that above an
important ratio of polymer added to the virus, the transduction efficiency is significantly
affected. Therefore, there is an upper limit to the amount of polymer that can be used to coat
the viral vector; however, this upper limit is not sufficient to fully protect from the immune
response. For example, one paper found that the upper limit of PEG that did not interfere
with viral transduction was only protective against antibodies up to 6% of their normal
concentration in human serum. Therefore, this method is not feasible in human trials, where
the levels of antibodies in serum would completely neutralize the shielding effect. Also there
have been recent studies indicating some patients receiving PEG coated nanoparticles
develop antibodies against the polymer. Extracellular vesicles or exosomes naturally
produced by cells have also been used to encapsulate AAVs, similarly synthetic lipid
nanoparticles or liposomes have been used as a shield. These methods are able to protect
against antibodies at higher concentrations than the polymer coating method however the
transduction efficiencies often decreased. In general, it appears the larger size of these
vesicle or exosomes bound AAVs hinders their ability to disseminate throughout the body
and infect a wide range of cell types. For each of these methods, the addition of certain
proteins or other molecules have been investigated as a way to improve efficiency, and while
cell targeting and transduction efficiencies can be improved, the neutralizing effects of
antibodies still present a challenge.

SUMMARY
[0007] The disclosure provides a viral vector having a capsid protein comprising a
heterologous targeting peptide in a range of 10-30 amino acids in length. In one embodiment,
the heterologous targeting peptide is about 15-25 amino acids in length. In another or further
embodiment, the heterologous targeting peptide is about 20 amino acids in length. In another
or further embodiment, the viral vector is an adeno-associated virus (AAV). In another or
further embodiment, the viral vector is a lentiviral vector. In another or further embodiment,
the capsid protein is a VP1 capsid protein. In another or further embodiment, the capsid
protein is a VP2 capsid protein. In another or further embodiment, the capsid protein is a VP3

capsid protein. In another or further embodiment, the heterologous targeting peptide is
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inserted into an AAV capsid protein at loop 1 and/or loop 2. In another or further
embodiment, the viral vector is an AAVS. In another or further embodiment, the viral vector
is an AAV9. In another or further embodiment, the heterologous targeting peptide is flanked
by a linker peptide at the N-terminal and C-terminal ends of the heterologous targeting
peptide. In another or further embodiment, the heterologous targeting peptide is flanked by a
linker peptide at the N-terminal and C-terminal ends of the heterologous targeting peptide. In
another or further embodiment, the heterologous targeting peptide targets the viral vector to
hepatocytes or liver tissue. In another or further embodiment, the heterologous targeting
peptide targets the viral vector to neuronal cells or brain tissue. In another or further
embodiment, the heterologous targeting peptide targets the viral vector to pancreatic cells or
pancreas tissue. In another or further embodiment, the heterologous targeting peptide targets
the viral vector to cardiac cells or heart tissue. In another or further embodiment, the
heterologous targeting peptide targets the viral vector to lung tissue. In another or further
embodiment, the heterologous targeting peptide targets the viral vector to intestinal tissue. In
another or further embodiment, the heterologous targeting peptide targets the viral vector to
spleen tissue. In another or further embodiment, the heterologous targeting peptide targets the
viral vector to renal cells or kidney tissue. In another or further embodiment, the heterologous
targeting peptide targets the viral vector to muscle cells or tissue.

[0008] The disclosure also provides an adeno-associated virus (AAV) capsid protein
comprising a heterologous targeting peptide cloned into loop 1 and/or loop 2 of the capsid
protein, wherein the heterologous targeting peptide is about 10-30 amino acids in length. In
one embodiment, the capsid protein is a VP1 capsid protein. In another embodiment, the
capsid protein is a VP2 capsid protein. In still another embodiment, the capsid protein is a
VP3 capsid protein. In another or further embodiment, the heterologous targeting peptide is
about 15-25 amino acids in length. In another or further embodiment, the heterologous
targeting peptide is about 20 amino acids in length. In another or further embodiment, the
heterologous targeting peptide is flanked by a linker peptide at the N-terminal and C-terminal
ends of the heterologous targeting peptide. In another or further embodiment, the
heterologous targeting peptide targets hepatocytes or liver tissue. In another or further
embodiment, the heterologous targeting peptide targets neuronal cells or brain tissue. In
another or further embodiment, the heterologous targeting peptide targets pancreatic cells or
pancreas tissue. In another or further embodiment, the heterologous targeting peptide targets

cardiac cells or heart tissue. In another or further embodiment, the heterologous targeting
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peptide targets lung tissue. In another or further embodiment, the heterologous targeting
peptide targets intestinal tissue. In another or further embodiment, the heterologous targeting
peptide targets spleen tissue. In another or further embodiment, the heterologous targeting
peptide targets renal cells or kidney tissue. In another or further embodiment, the
heterologous targeting peptide targets muscle cells or tissue.

[0009] The disclosure also provides recombinant AAV (rAAV) comprising a capsid
protein of the disclosure comprising a targeting peptide.

[0010] The disclosure also provides a recombinant AAV (rAAV) comprising a capsid
protein having a targeting peptide in loop 1 and/or loop 2 wherein the targeting peptide is
independently selected from SEQ ID Nos:5865 to 11445. In another or further embodiment,
the recombinant AAV further comprises a heterologous polynucleotide for gene delivery In
another or further embodiment, the heterologous polynucleotide is a therapeutic gene.

[0011] The disclosure also provides a composition comprising the recombinant TAAV
of the disclosure. In one embodiment, the composition further comprises a pharmaceutically
acceptable carrier.

[0012] The disclosure also provides a method for delivering a transgene to a subject
comprising: administering a recombinant AAV (rAAV) to a subject, wherein the rAAV
comprises: (i) a capsid protein of the disclosure comprising a targeting peptide, and (ii) at
least one transgene, and wherein the rAAYV infects cells of a target tissue of the subject. In
another or further embodiment, the at least one transgene encodes a protein. In another or
further embodiment, the protein is an immunoglobulin heavy chain or light chain or fragment
thereof. In another or further embodiment, the at least one transgene encodes a small
interfering nucleic acid. In another or further embodiment, the small interfering nucleic acid
is a miRNA. In another or further embodiment, the small interfering nucleic acid is a miRNA
sponge or TuD RNA that inhibits the activity of at least one miRNA in the subject or animal.
In another or further embodiment, the miRNA is expressed in a cell of the target tissue. In
another or further embodiment, the target tissue is skeletal muscle, heart, liver, pancreas,
brain or lung. In another or further embodiment, the transgene expresses a transcript that
comprises at least one binding site for a miRNA, wherein the miRNA inhibits activity of the
transgene, in a tissue other than the target tissue, by hybridizing to the binding site. In another
or further embodiment, the at least one transgene encodes a gene product that mediates
genome editing. In another or further embodiment, the transgene comprises a tissue specific

promoter or inducible promoter. In another or further embodiment, the tissue specific
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promoter is a liver-specific thyroxin binding globulin (TBG) promoter, an insulin promoter, a
glucagon promoter, a somatostatin promoter, a pancreatic polypeptide (PPY) promoter, a
synapsin-1 (Syn) promoter, a creatine kinase (MCK) promoter, a mammalian desmin (DES)
promoter, a a-myosin heavy chain (a-MHC) promoter, or a cardiac Troponin T (¢TnT)
promoter. In another or further embodiment, the rAAYV is administered intravenously,
intravascularly, transdermally, intraocularly, intrathecally, orally, intramuscularly,
subcutaneously, intranasally, or by inhalation. In another or further embodiment, the subject
is selected from a mouse, a rat, arabbit, a dog, a cat, a sheep, a pig, and a non-human
primate. In another or further embodiment, the subject is a human.

[0013] The disclosure provides an isolated nucleic acid encoding an AAV capsid
protein containing an amino acid sequence selected from the group consisting of SEQ ID
No:5865 to 11444 and 11445, The disclosure also provides a composition comprising the
isolated AAV capsid protein.

[0014] The disclosure also provides a kit for producing a rAAV, the kit comprising: a
container housing an isolated nucleic acid encoding a capsid protein comprising a targeting
peptide of the disclosure. In one embodiment, the kit further comprises instructions for
producing the rAAV. In another or further embodiment, the kit further comprises at least one
container housing a recombinant AAV vector, wherein the recombinant AAV vector
comprises a transgene.

[0015] The disclosure also provides a method for coating a virus or viral particle with
membrane fragments comprising: lysing donor cells in a hypotonic solution, which optionally
may be combined with Dounce homogenization or sonication, in order to fractionate the cell
membrane; removing cells and cell debris by one or more rounds of centrifugation, leaving a
membrane enriched fraction; extruding the membrane enriched faction through polycarbonate
membrane(s) to generate purified membrane fragments; and coating virus or viral particles by
coextruding the virus or viral particles with the purified membrane fragments through
polycarbonate membrane(s). In another or further embodiment, the viruses or viral particles
are non-enveloped viruses or viral particles. In another or further embodiment, the viruses or
viral particles are enveloped viruses or viral particles which have had their viral envelope
removed. In another or further embodiment, the viruses or viral particles are selected from
retroviruses, adenovirus, adeno-associated virus, hybrid adenoviruses, alphavirus, herpes
simplex virus, poxvirus, Epstein-Barr virus and lentivirus. In another or further embodiment,

the viruses or viral particles are adeno-associated viruses (AAV). In another or further
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embodiment, the viruses or viral particles have been modified by directed evolution to have
increased neutralizing antibody-evasion properties, as well as enhanced gene delivery, gene
targeting, and/or enhanced capacity to infect. In another or further embodiment, the viruses or
viral particles have been modified by one or more amino acid substitutions in one or more
regions of a viral capsid protein so as to reduce the affinity of the viral capsid protein for the
major histocompatibility complex. In another or further embodiment, the donor cells are
mammalian cells. In another or further embodiment, the donor cells are human cells. In
another or further embodiment, the donor cells are human stem cells, human progenitor cells,
human primary cells, human somatic cells, human germline cells, or human tumor cells. In
another or further embodiment, the membranes of the donor cells have been modified to
express or present a targeting ligand. In another or further embodiment, the targeting ligand is
used to improve entry of the coated viruses or viral particles into target cells, inhibit
components of the immune response to the coated viruses or viral particles, or to target the
coated viruses or viral particles to certain cell types or organs In another or further
embodiment, the targeting ligand is a peptide, antibody or antibody fragment. In another or
further embodiment, the targeting ligand comprises a peptide of any one of SEQ ID Nos:5865
to 11445.

[0016] The disclosure also provides coated viruses or viral particles made by the
method described above. In another or further embodiment, the coated viruses or viral
particles have been modified to comprise a targeting ligand. In another or further
embodiment, the coated viruses or viral particles are used to deliver transgene(s) into target
cells. In another or further embodiment, the coated viruses or viral particles are used to
genome engineer target cells.

[0017] The disclosure also provides a pharmaceutical composition comprising the
coated viruses or viral particles and a pharmaceutically acceptable carrier, diluent, binder
and/or filler.

[0018] The disclosure also provides a method of treating a subject suffering from a
disease or disorder in need of treatment thereof, comprising administering the coated viruses
or viral particles or the pharmaceutical composition of the disclosure.

[0019] The disclosure also provides an engineered viral particle comprising an
artificially prepared lipid envelope.

[0020] The disclosure provides a method of preparing an engineered retroviral

particle, the method comprising treating a retroviral particle with a detergent to remove a
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lipid envelop to obtain naked retroviral particles, isolating the naked retroviral particles and
co-extruding a lipid envelop with the naked retroviral particles to obtain an engineered
retroviral particle.

DESCRIPTION OF DRAWINGS
[0021] Figure 1A-B provides embodiment of methodologies that can be used to (A)
prepare cell membrane fragments for (B) coating adeno-associated viruses (AAV).
[0022] Figure 2 illustrates how the coated AAVs of the disclosure can provide for
higher transgene expression in vivo by minimizing immune detection and clearance.
[0023] Figure 3 presents the standard recognized model of the relationship between
‘uncoated” AAV capsid dose and outcome of gene transfer following systemic vector
delivery. Low ‘uncoated’ capsid doses are more likely to be neutralized by anti-AAV
antibodies, even low-titer NAb. This results in lack of efficacy. Higher ‘uncoated” capsid
doses overcome this limitation, leading to therapeutic efficacy. Capsid-specific T-cell
activation is detected as the total uncoated capsid dose administered increases. This does not
affect efficacy until an important threshold is reached, above which immune-mediated
clearance of transduced target cells results in loss of efficacy. The ‘coated” AAVs of the
disclosure, unlike the ‘“uncoated” AAVs described above and presented in FIG. 3, can achieve
efficacy at much lower doses, as the ‘coated” AAVs made by the methods presented herein
are far less likely to be neutralized by anti-AAV antibodies.
[0024] Figure 4 illustrates how the coated AAVs of the disclosure can be engineered
to have tissue specificity using targeting ligands, thereby providing for programmable
tropism.
[0025] Figure 5 shows an overall workflow for rationally engineering AAV variants
and screening them in vivo. The pie chart depicts the distribution of categories from which
protein sources of peptides were selected. These proteins were tiled into 20-mer peptides and
synthesized on an oligonucleotide pool. DNA coding for the peptides were then inserted into
distinct locations on the AAV capsid enabling production of AAVS and AAV9 variants for a
total of ~1.1 million capsid variants. AAVs were then injected retro-orbitally into replicate
mice. Two weeks later, organs, including the liver, spleen, brain, large intestine, lung, kidney,
heart, skeletal muscle, and pancreas were harvested. DNA was isolated from these tissues, the
peptide insertion region was selectively PCR-amplified and prepared for sequencing, and
then paired-end 100 deep sequencing was performed using the Illumina NovaSeq platform to

analyze transducing variants.
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[0026] Figure 6A-B shows engineering peptide-displaying AAV variants. (a)
Icosahedral structural rendering of the AAV S capsid. Surface residues are colored according
to their distance from the capsid center with specific amino acid residues highlighted to
illustrate the location of the Loopl (red) and Loop2 (salmon) inserts. (b) Cloning strategy
shown for inserting the peptide library into the wild-type AAV backbone with flanking G-S
residues, AAV5-Loopl shown as an example. The AAV backbone was modified at the
desired location to insert two DNA sequences encoding Glycine and Serine, along with two
PaqClI type IIS restriction sites flanking an approximately 60-base pair filler region to be cut
out. The peptide insert library is flanked by two PaqClI recognition sites for ligation upon
restriction digest.

[0027] Figure 7A-D shows plasmid and capsid level analysis. Polar plots illustrating
the proportion of peptide library recovered after cloning the library into the cap gene and then
packing the plasmid pool into functional AAV capsids for (a) AAV5-Loopl, (b) AAVS-
Loop2, (¢) AAV9-Loopl, and (d) AAV9-Loop2. Numbers on the perimeter represent total
peptides quantified.

[0028] Figure 8A-E shows a method of Identifying top transducing AAV variants.
(a) On the left, a heatmap illustrating the AAV variants across all capsids and loops which
have a log2fc > 1 in both replicates, and FDR adjusted p < .05 (one sample T test comparing
capsid counts to organ counts). Shown to the right is a heatmap showing the levenshtein
distance between the peptides in the left heatmap. The data has been filtered to remove
peptides with no detected homology within the dataset. (c-e) Heatmaps showing final hits
which have a Z-score ( Z-normalized 10g2FC) greater than 2.5 in any organ, a log2(capsid
count) > 3, and at least one homologous peptide detected in the same organ. Heatmaps are
separated by AAV serotype/insertion site.

[0029] Figure 9A-B shows identifying pan-organ and organ specific AAV variants.
(a) Pan-organ transducing AAYV variants. Pan-organ specific AAVs were identified by taking
the average 1og2FC across all organs for each capsid/loop. Shown in the heatmap are all
variants which have an average (across all organs) log2FC greater than 1. (b) Organ specific
AAV variants. Organ specific AAVs were identified via an ANOV A test, comparing the
log2FC values in one organ versus all the others. AAV variants were then ranked to identify
the variants with the lowest p-values. The 1og2FC values for the AAV variants with the 5

lowest p values for each organ are plotted in the heatmap.
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[0030] Figure 10A-C shows an overview of lentiviral display strategy. (a) Plasmid
map showing key genetic material packaged into lentiviral particles. Each lentiviral particle
contains the RNA coding for a displayed peptide, as well as a puromycin resistance gene
under the control of the same promoter. (b) Cartoon diagram of engineered lentivirus,
showing displayed peptides and mutant VSV G protein. (¢) Cartoon diagram showing cell
lines of interest screened via lentiviral display strategy. Cell lines cover a variety of lineages

and tissue types to enable development of tissue specific lentiviral particles.

[0031] Figure 11 provides a table of AAV targeting hits in the indicated tissues.
[0032] Figure 12 provides a table of Lentivirus targeting hits in the indicated cells.
[0033] Figure 13 presents a wild type DNA and peptide sequences for AAVS.

Further indicated is the Loop 1 and Loop 2 insertion sites in the wildtype sequences for
AAVS5, as highlighted in lighter gray and medium gray, respectively.
[0034] Figure 14 presents a wild type DNA and peptide sequences for AAVO.
Further indicated is the Loop 1 and Loop 2 insertion sites in the wildtype sequences for
AAV9, as highlighted in lighter gray and medium gray, respectively.

DETAILED DESCRIPTION

[0035] As used herein and in the appended claims, the singular forms "a," "an," and
"the" include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to "a virus" includes a plurality of such viruses and reference to "the viral
particle" includes reference to one or more viral particles and equivalents thereof known to
those skilled in the art, and so forth.

[0036] Also, the use of “or” means “and/or” unless stated otherwise. Similarly,

EE A PN

comprising” “include,” “includes,” and “including™ are

2% << 2% <<

“comprise,” “comprises,
interchangeable and not intended to be limiting.

[0037] It is to be further understood that where descriptions of various embodiments
use the term “comprising,” those skilled in the art would understand that in some specific
instances, an embodiment can be alternatively described using language “consisting
essentially of” or “consisting of.”

[0038] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood to one of ordinary skill in the art to which this

disclosure belongs. Although many methods and reagents are similar or equivalent to those

described herein, the exemplary methods and materials are disclosed herein.
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[0039] All publications mentioned herein are incorporated herein by reference in full
for the purpose of describing and disclosing the methodologies, which might be used in
connection with the description herein. Moreover, with respect to any term that is presented
in one or more publications that is similar to, or identical with, a term that has been expressly
defined in this disclosure, the definition of the term as expressly provided in this disclosure
will control in all respects.

[0040] It should be understood that this disclosure is not limited to the particular
methodology, protocols, and reagents, etc., described herein and as such may vary. The
terminology used herein is for the purpose of describing particular embodiments or aspects
only and is not intended to limit the scope of the present disclosure.

[0041] Other than in the operating examples, or where otherwise indicated, all
numbers expressing quantities of ingredients or reaction conditions used herein should be
understood as modified in all instances by the term "about." The term "about" when used to
described the present invention, in connection with percentages means £1%.

[0042] The term "purified" when used in reference to viruses or viral particles
disclosed herein refers to the fact that the virus is removed from the majority of other cellular
components from which it was generated or in which it is typically present in nature, or from
the coating agents disclosed herein. The coated viruses or viral particles disclosed herein are
typically prepared to the state where they are purified or semi-purified.

[0043] An "effective amount" as the term is used herein, is used to refer to an amount
that is sufficient to produce at least a reproducibly detectable amount of the desired results.
An effective amount will vary with the specific conditions and circumstances. Such an
amount can be determined by the skilled practitioner for a given situation.

[0044] The term "therapeutically effective amount" refers to an amount that is
sufficient to affect a therapeutically significant reduction in one or more symptoms of the
condition when administered to a typical subject who has the condition. A therapeutically
significant reduction in a symptom is, e.g. about 10%, about 20%, about 30%>, about 40%>,
about 50%, about 60%, about 70%, about 80%, about 90%, about 100%, or more as
compared to a control or non-treated subject.

[0045] The term "treat" or "treatment" refers to therapeutic treatment wherein the
object is to eliminate or lessen symptoms. Beneficial or desired clinical results include, but

are not limited to, elimination of symptoms, alleviation of symptoms, diminishment of extent
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of condition, stabilized (i.e., not worsening) state of condition, delay or slowing of
progression of the condition.

[0046] The terms "patient”, "subject”" and "individual" are used interchangeably
herein, and refer to an animal, particularly a human, to whom treatment including
prophylactic treatment is provided. This includes human and non-human animals. The term
"non-human animals" and "non-human mammals" are used interchangeably herein includes
all vertebrates, e.g., mammals, such as non-human primates, (particularly higher primates),
sheep, dog, rodent (e.g. mouse or rat), guinea pig, goat, pig, cat, rabbits, cows, and non-
mammals such as chickens, amphibians, reptiles etc. In one embodiment, the subject is
human. In another embodiment, the subject is an experimental animal or animal substitute as
a disease model. "Mammal" refers to any animal classified as a mammal, including humans,
non-human primates, domestic and farm animals, and zoo, sports, or pet animals, such as
dogs, cats, cattle, horses, sheep, pigs, goats, rabbits, etc. Patient or subject includes any subset
of the foregoing, e.g., all of the above, but excluding one or more groups or species such as
humans, primates or rodents. A subject can be male or female. A subject can be a fully
developed subject (e.g., an adult) or a subject undergoing the developmental process (e.g., a
child, infant or fetus).

[0047] Gene therapy is the process of introducing foreign genomic materials into host
cells to elicit a therapeutic benefit. Although initially the main focus of gene therapy was on
special genetic disorders, now diverse diseases with different patterns of inheritance and
acquired diseases are targets of gene therapy. Basically, gene therapy is an intracellular
delivery of genomic materials (transgene) into specific cells to generate a therapeutic effect
by correcting an existing abnormality or providing the cells with a new function. Different
types of gene delivery systems may be applied in gene therapy to restore a specific gene
function or turning off a special gene(s). The ultimate goal of gene therapy is single
administration of an appropriate material to replace a defective or missing gene. One of the
successful gene therapy systems available today are viral vectors, such as retrovirus,
adenovirus (types 2 and 5), adeno-associated virus, herpes virus, pox virus, human foamy
virus (HFV), and lentivirus. All viral vector genomes have been modified by deleting some
areas of their genomes so that their replication becomes deranged and it makes them safer,
but the system has some problems, such as their marked immunogenicity that causes
induction of inflammatory system leading to degeneration of transduced tissue; and toxin

production, including mortality, the insertional mutagenesis; and their limitation in transgenic
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capacity size. During the past few years some viral vectors with specific receptors have been
designed that could transfer the transgenes to some other specific cells, which are not their
natural target cells (retargeting).

[0048] Adenoviral vectors have been isolated from a large number of different
species, and more than 100 different serotypes have been reported. Most adults have been
exposed to the adenovirus serotypes most commonly used in gene therapy (types 2 and 5).
Adenoviruses type 2 and 5 can be utilized for transferring both dividing and nondividing cells
and have low host specificity so can be used for gene delivery into large range of tissues.
[0049] Adeno-associated vectors (AAV) are like adenoviral vectors in their features
but because of having some deficiency in their replication and pathogenicity, are safer than
adenoviral vectors. In human, AAVs are not associated with any disease. Another special
character of AAV is their ability to integrate into a specific site on chromosome 19 with no
noticeable effects cause long-term expression in vivo. The major disadvantages of these
vectors are complicated process of vector production and the limited transgene capacity of
the particles (up to 4.8 kb). AAVs have been used in the treatment of some diseases, such as
CF, hemophilia B, Leber congenital amaurosis, and AAT (Alpha-1 antitrypsin) deficiency.
[0050] Current AAV gene delivery system does not allow for repeated treatments,
due to the immune response generated in the patient if a second dose is attempted. Currently
there are methods of shielding AAVs to avoid this scenario but experimental data shows that
there is an improvement only for avoiding small amounts of neutralizing antibodies. As stated
above, methods like coating with polymers face a challenge of the proper ratio of AAV to
polymer. If the polymer concentration is too high then the ability of the AAV to enter the cell
is compromised, but if the polymer concentration is low enough to preserve the transduction
efficiency, then there is little protection against antibodies. Vesicle and exosome
encapsulation can also be a way to shield the AAV from the immune system but the increase
in size generally reduces the ability of the AAV to infect a broad range of cell types, which
traditionally was one of the advantages to using AAVs. Therefore, these methods are not
effective in normal physiological conditions. One of the main advantages of AAVs is their
small size (25 nm) which allows them to transduce most tissues of the body. The strategies
employing native vesicles may help get around the response of the immune system but the
increased size negatively impacts transduction efficiencies.

[0051] The disclosure provides methods that can be used to coat AAV and other

viruses by using fragments of purified cell membranes to coat the viruses. As such, the
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methods of the disclosure are especially suited to coating naturally occurring non-enveloped
viruses, like adenoviruses or AAVs. For example, one can coat a non-enveloped AAV using
the methods disclosed herein, thereby providing for a coated AAV of a specific size that has
the surface properties of a native cell with the advantages of small size. Additionally, the
methods of the disclosures can be used with enveloped viruses, like retroviruses. In such a
case, the envelope of the virus may be first removed using standard methods, like detergent
treatment, and then be coated with membrane fragment using the methods disclosed herein.
In doing so, new, non-standard applications for the ‘coated’ virus can be possibly realized,
such as an increased host range, and programmable tropism. Accordingly, the methods of the
disclosure allow for, e.g., the production of coated viruses or viral particles that are
recognized as self by the immune system, thereby preventing an immunogenic response,
while also retaining the ability to transduce many different cell types.

[0052] The disclosure further provides methods for rationally engineering novel viral
variants (e.g., AAV variants) and identifying transducing capsids which exhibit strong
activity and organ specificity in vivo (see FIG. 5). In a particular embodiment, the
disclosure provides a viral vector having a capsid protein comprising a heterologous targeting
peptide of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30
amino acids in length, or a range that includes or is between any two of the foregoing amino
acid lengths (e.g., 10-30 amino acids in length, 15-25 amino acids in length, etc.). Ina
particular embodiment, the heterologous targeting peptide is about 20 amino acids in length.
In regards to the transducing capsid, the capsid can be of any type of capsid proteins,
including but not limited to, VP1, VP2, VP3, N protein, and HHV capsid portal protein. In a
particular embodiment, the capsid protein is a VP1 capsid protein. In another embodiment,
the capsid protein is a VP2 capsid protein. In yet another embodiment, the capsid protein is a
VP3 capsid protein. Examples of viruses and viral particles, or vectors encoding thereof,
which can be used in the methods of the disclosure include, but are not limited to,
retroviruses, adenovirus, adeno-associated virus, hybrid adenoviruses, alphavirus, herpes
simplex virus, poxvirus, Epstein-Barr virus and lentivirus.

[0053] Adenoviruses are able to deliver large DNA particles (up to 38 kb), but in
contrast to retroviruses, as they would not integrate into the host genome, their gene
expression is too short term. Natural and acute immunologic responses against adenoviruses
have made their clinical application limited to a few tissues, such as liver, lung (especially for

CF (Cystic Fibrosis) treatment), or localized cancer gene therapy. Another viral gene
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delivery system useful in the present methods utilizes adenovirus-derived vectors. The
genome of an adenovirus can be manipulated, such that it encodes and expresses a gene
product of interest but is inactivated in terms of its ability to replicate in a normal lytic viral
life cycle. See, for example, Berkner ef al., BioTechniques 6:616 (1988); Rosenfeld et al.,
Science 252:431-434 (1991); and Rosenfeld ef al., Cell 68: 143-155 (1992). Suitable
adenoviral vectors derived from the adenovirus strain Ad type 5 d1324 or other strains of
adenovirus (e.g., Ad2, Ad3, or Ad7 etc.) are known to those skilled in the art. Recombinant
adenoviruses can be advantageous in certain circumstances, in that they are not capable of
infecting non- dividing cells and can be used to infect a wide variety of cell types, including
epithelial cells (Rosenfeld et al., (1992) supra). Furthermore, the virus particle is relatively
stable and amenable to purification and concentration, and as above, can be modified so as to
affect the spectrum of infectivity. Additionally, introduced adenoviral DNA (and foreign
DNA contained therein) is not integrated into the genome of a host cell but remains episomal,
thereby avoiding potential problems that can occur as a result of insertional mutagenesis in
situ, where introduced DNA becomes integrated into the host genome (e.g., retroviral DNA).
Moreover, the carrying capacity of the adenoviral genome for foreign DNA is large (up to 8
kilobases) relative to other gene delivery vectors (Berkner ef al., supra; Haj-Ahmand and
Graham, J. Virol. 57:267 (1986)).

[0054] Retroviruses are one of the most frequently employed forms of gene delivery
in somatic and germline gene therapies. Retroviruses in contrast to adenoviral and lentiviral
viruses, can transfect dividing cells because they can pass through the nuclear pores of
mitotic cells; this character of retroviruses make them proper candidates for in sifu treatment.
In addition, all of the viral genes have been removed, creating approximately 8 kb of space
for transgenic incorporation. Retroviruses are useful for ex vivo delivery of somatic cells
because of their ability to linearly integrate into host cell genome; for example, they have
been used for human gene therapy of X-SCID successfully but incidence of leukemia in some
patients occurred because of integration of retroviruses to the LMO2 gene and inappropriate
activation of it. Retroviruses also have been applied for familial hyperlipidemia gene therapy
and tumor vaccination. However, the main limitations of retroviruses are their low efficiency
in vivo, immunogenic problems, the inability to transduce the nondividing cells and the risk
of insertion, which could possibly cause oncogene activation or tumor-suppressor gene
inactivation. A replication defective retrovirus can be packaged into virions, which can be

used to infect a target cell through the use of a helper virus by standard techniques. Protocols
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for producing recombinant retroviruses and for infecting cells in vitro or in vivo with such
viruses can be found in Ausubel, ef al, eds., Current Protocols in Molecular Biology, Greene
Publishing Associates, (1989), Sections 9.10-9.14, and other standard laboratory manuals.
Examples of suitable retroviruses include pLJ, pZIP, pWE and pEM which are known to
those skilled in the art. Examples of suitable packaging virus lines for preparing both
ecotropic and amphotropic retroviral systems include W&ip, W&e, W2 and WAmL
Retroviruses have been used to introduce a variety of genes into many different cell types,
including epithelial cells, in vitro and/or in vivo (see for example Eglitis, ef al. (1985) Science
230: 1395-1398; Danos and Mulligan (1988) Proc. Natl. Acad. Sci. USA 85:6460-6464;
Wilson ef al. (1988) Proc. Natl. Acad. Sci. USA 85:3014-3018; Armentano ef al. (1990) Proc.
Natl. Acad. Sci. USA 87:6141-6145; Huber et al. (1991) Proc. Natl. Acad. Sci. USA 88:8039-
8043; Ferry et al. (1991) Proc. Natl. Acad. Sci. USA 88:8377-8381; Chowdhury et a/. (1991)
Science 254: 1802-1805; van Beusechem er al. (1992) Proc. Natl. Acad. Sci. USA 89:7640-
7644; Kay et al. (1992) Human Gene Therapy 3:641- 647; Dai et al. (1992) Proc. Natl. Acad.
Sci. USA 89: 10892-10895; Hwu et al. (1993) J. Immunol. 150:4104-4115; U.S. Patent No.
4,868, 116; U.S. Patent No. 4,980,286; PCT Application WO 89/07136; PCT Application
WO 89/02468; PCT Application WO 89/05345; and PCT Application WO 92/07573).
[0055] Hybrid adenoviruses are made of the high transduction efficiency of a gene-
deleted adenoviral vector and the long-term genome-integrating potential of adeno-associated
and retroviruses viruses. Such hybrid systems show stable transduction and limited
integration sites. Among integrating vectors, those derived from retroviruses are most
common. One of the family of Retroviridae are called spuma retroviruses or foamy viruses
(FVs). FVs are a group of apparently nonpathogenic nonhuman retroviruses, which have
been developed only recently. The potential advantages of FV vectors include a broad range
of hosts, the largest packaging capacity of any retrovirus, and the ability to persist in
quiescent cells. Because of these features, FVs have the unique potential to safely and
efficiently deliver several genes into a number of different types of cells.

[0056] Alphaviruses can also be used. Alphaviruses are enveloped single stranded
RNA viruses that have a broad host range, and when used in viral gene therapy protocols
alphaviruses can provide high-level transient gene expression. Exemplary alphaviruses
include the Semliki Forest virus (SFV), Sindbis virus (SIN) and Venezuelan Equine
Encephalitis (VEE) virus, all of which have been genetically engineered to provide efficient

replication-deficient and -competent expression vectors. Alphaviruses exhibit significant
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neurotropism, and so are useful for CNS- related diseases. See, e.g., Lundstrom, Viruses.
2009 Jun; 1(1): 13-25; Lundstrom, Viruses. 2014 Jun; 6(6): 2392-2415; Lundstrom, Curr
Gene Ther. 2001 May; 1(1): 19- 29; Rayner ef al., Rev Med Virol. 2002 Sep-Oct; 12(5):279-
96.

[0057] Herpes simplex virus (HSV) is one of the recent viruses candidate in gene
delivery. HSV systems include the development of the so-called disabled infectious single
copy (DISC) viruses, which comprise a glycoprotein H defective mutant HSV genome.
When the defective HSV propagated in complementing cells’ viral particles are generated,
they can infect in subsequent cells permanently replicating their own genome but not
producing more infectious particles. Herpes vectors can deliver up to 150 kb transgenic
DNA and because of its neuronotropic features, it has the greatest potential for gene delivery
to nervous system, tumors, and cancer cells

[0058] Epstein—Barr virus as a herpes virus can be used for the expression of large
DNA fragments in target cells. Because Epstein—Barr virus (EBV) establishes itself in the
host nucleus in a latent state as extrachromosomal circular plasmid, this virus is suitable for
long-term retention in the target cell. Because of the natural B-cell tropism of the virus,
EBV-derived vectors, such as B-cell lymphoma, have been tested for immune therapy of
cancer.

[0059] Poxvirus vectors are members of the Poxviridae family that are widely used
for high-level cytoplasmatic expression of transgenes. The high stable insertion capacity
(more than 25 KB) of this virus is the most advantageous feature of it for gene delivery. The
insertion of the transgene sequences is somewhat different from the other vector systems and
utilizes homologous recombination or in vitro ligation for construction of recombinant
vaccinia virus vectors. Poxviruses have been used for cancer therapy in various studies, such
as prostate cancer, colorectal cancer, breast cancer, and lung cancer. Recombinant vaccinia
virus vectors were also used for expression of £6 and E7 genes of human papilloma virus
types 16 and 18 in cervical cancer patients to induce tumor regression.

[0060] Lentiviruses are a subclass of retroviruses. They have recently been used as
gene delivery vectors due to their ability to naturally integrate with nondividing cells, which
is the unique feature of lentiviruses as compared with other retroviruses, which can infect
only the dividing cells. Lentiviral vectors can deliver 8 kb of sequence. Because lentiviruses
have strong tropism for neural stem cells, extensively used for ex vivo gene transfer in central

nervous system with no significant immune responses and no unwanted side effects.
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Lentiviral vectors have the advantages of high-efficiency infection of dividing and
nondividing cells, long-term stable expression of a transgene, low immunogenicity, and the
ability to accommodate larger transgenes. There are numerous examples of effective long-
term treatment of animal models of neurologic disorders, such as motor neuron diseases,
Parkinson, Alzheimer, Huntington's disease, lysosomal storage diseases, and spinal injury.
[0061] Adeno-associated viruses, from the parvovirus family, are small viruses with a
genome of single stranded DNA. AAV was discovered in 1960s as a contaminant in
adenovirus (a cold causing virus) preparations. Its growth in cells is dependent on the
presence of adenovirus and, therefore, it was named as adeno-associated virus. AAV can
infect both dividing and non-dividing cells and may incorporate its genome into that of the
host cell. These features make AAV a very attractive candidate for creating viral vectors for
gene therapy. The AAV viruses can insert genetic material at a specific site on chromosome
19 with near 100% certainty. There are a few disadvantages to using AAV, including the
small amount of DNA it can carry (low capacity) and the difficulty in producing it. This type
of virus is being used for gene therapy, however, because it is non-pathogenic (most people
carry this harmless virus). AAYV is atiny non- enveloped virus having a 25 nm capsid. No
disease is known or has been shown to be associated with the wild type virus. AAV has a
single-stranded DNA (ssDNA) genome. AAV has been shown to exhibit long-term episomal
transgene expression, and AAV has demonstrated excellent transgene expression in the brain,
particularly in neurons. Vectors containing as little as 300 base pairs of AAV can be
packaged and can integrate. Space for exogenous DNA is limited to about 4.7 kb. An AAV
vector such as that described in Tratschin ef al., Mol. Cell. Biol. 5:3251-3260 (1985) can be
used to introduce DNA into cells. A variety of nucleic acids have been introduced into
different cell types using AAV vectors (see for example Hermonat ef al., Proc. Natl. Acad.
Sci. USA 81 :6466-6470 (1984); Tratschin ef al., Mol. Cell. Biol. 4:2072- 2081 (1985);
Wondisford ef al., Mol. Endocrinol. 2:32-39 (1988); Tratschin ef al., J. Virol. 51 :611-619
(1984); and Flotte et al., J. Biol. Chem. 268:3781-.3790 (1993). There are numerous
alternative AAYV variants (over 100 have been cloned), and AAV variants have been
identified based on desirable characteristics. For example, AAV9 has been shown to
efficiently cross the blood-brain barrier. Moreover, the AAV capsid can be genetically
engineered to increase transduction efficiency and selectivity, e.g., biotinylated AAV vectors,
directed molecular evolution, self-complementary AAV genomes and so on. Modified AAV

have also been described, including AAV based on ancestral sequences; see, e.g.,

17



WO 2022/212928 PCT/US2022/023177

US7906111; W0/2005/033321; W02008027084, W02014124282; W0O2015054653; and
WO02007127264.

[0062] In certain embodiment, the disclosure provides for the generation of modified
AAVs engineered to contain heterologous targeting peptides that target the AAVs to certain
cells and/or tissues. Modified AAVs disclosed herein are useful because they can effectively
deliver nucleic acids of interest to a particular cell and/or tissue, e.g., for purposes of
manipulating levels of a particular gene product in the cell and/or tissue. For example, in
some embodiments, the disclosure provides modified AAVs comprising a capsid protein
having a heterologous targeting peptide that confers unique tissue targeting and cell
transduction properties. In some embodiments, such heterologous targeting peptides are
useful for targeting AAVs to tissues of the central nervous system (CNS) (e.g., the brain),
liver, muscle, lung, heart, spleen pancreas, intestine and/or kidney. In a further embodiment,
the AAV used in the compositions, methods, and kits disclosed herein has a serotype selected
from AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVE, AAVY, AAV9 .47,
AAVrh10, AAVPHP B, AAVPHP eB, and AAVPHP.S. In a certain embodiment, the AAV
used in the compositions, methods, and kits herein is AAVS. In another embodiment, the
AAYV used in the compositions, methods, and kits disclosed herein is AAVO.

[0063] The design and implementation of displaying a large, tiled peptide library in
the capsid of multiple viral (e.g., AAV) serotypes is shown in the studies presented herein.
The disclosure further provides methodology for performing an iz vivo screen to identify
transducing viral variants across multiple organs, the analytical pipeline to characterize the
top-performing hits, and finally, the identity and potential application of top performing viral
variants is also discussed herein. Hits from a targeting peptide screen with AAV and
Lentivirus and their coding sequences are provided in the sequence listing and their targeted
tissue or cells are presented in FIG. 11 and FIG. 12.

[0064] The heterologous targeting peptide-modified AAV variants identified here
could be of broad use both clinically and experimentally. Based upon preliminary in vivo
screening data, an expansive list of AAV variants with broad organ tropism were identified,
these variants exhibited high logzfoldchange values in multiple organs in comparison to
overall counts in the AAV capsid pool {seg FIG. 34} The ability of these AAV variants to
transduce multiple organs at relatively low administered AAV doses allows for a lower
overall titer of AAV that needs to be produced and delivered to achieve the same therapeutic

benefit as current wild-type AAVs. This is especially important for reducing the overall costs
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of viral production, as well as limiting physiological exposure to the AAV vector in an effort
to address the inherent immunogenicity of these gene delivery vehicles which has hindered
prior efficacy of gene therapies in humans.

[0065] In addition to the broadly infective AAV variants discovered herein, the
methods of the disclosure also identified several variants which enable organ-specific AAV
transduction. These include AAV variants which specifically transduce the brain, lung, heart,
skeletal muscle, pancreas, kidney, spleen, intestine, and liver (see Fi{z. 98} Specific
examples of the clinical utility of these organ-specific gene delivery vehicles are described in
the following sections, however, any disease or condition in which a gene or genetic
engineering protein should be expressed in a specific tissue or cell type could utilize the
heterologous targeting peptide-modified AAV variants disclosed herein and achieve specific
expression without the need for specialized promoters.

[0066] In the brain, a difficult organ to transduce due to the selectivity of the blood
brain barrier, there are numerous diseases which would benefit from AAV that only target
cell types in the central nervous system. Previous efforts to transduce the CNS have relied on
difficult routes of administration such as intrathecal, intraparenchymal, and
intracerebroventricular. The heterologous targeting peptide-modified AAV variants provided
herein were shown to effectively transduce CNS cell types via systemic administration. For
monogenic neurological disorders caused by specific gene mutations, these could be
addressed with organ-specific AAV variants to address loss-of-function mutations (e.g.
replacing survival motor neuron protein (SMN) for spinal muscular atrophy) or silencing
harmful gain-of-function mutations (e.g. superoxide dismutase 1 (SODI) for amyotrophic
lateral sclerosis or huntingtin (H77) for Huntington’s disease. Other CNS diseases which
currently have gene therapy based clinical trials ongoing, which would benefit from brain-
specific AAV variants include Parkinson’s disease, mucopolysaccaridosis type I, IT and III,
Batten disease, giant axonal neuropathy, and metachromatic leukodystrophy. Similarly, while
it was not directly assessed in the initial screen, the AAV-engineering approach could greatly
improve transgene delivery to the retina where mutations in >270 genes are implicated in
hereditary retinal degeneration and could be addressed with an AAV-based gene therapy.
[0067] A similar paradigm exists in the lung where several diseases resulting from
specific gene mutations have been addressed with AAVs administered through difficult
means (i.e., intratracheal). Lung-specific AAV variants were identified with the methods

presented herein, and therefore, the methods and compositions of the disclosure can be used
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to generate lung-specific AAV variants to treat various lung disease. Diseases which could
be addressed include, but are not limited to, surfactant protein B deficiency, pulmonary
vascular leakage, cystic fibrosis, and other lung obstructive diseases.

[0068] In other tissues, there is a vast array of clinical scenarios in which organ-
specific AAV variants would be useful. Some examples include AAT deficiency and
hepatitis in the liver, Duchenne and limb-girdle muscular dystrophy, sporadic inclusion body
myositis, and dysferlin deficiency in the muscle, diabetes mellitus in the pancreas, and
recovery from myocardial infarction and heart failure in the heart. Examples also include
tissue specific cancer in which gene therapies could be packaged into the AAV variants to
deliver anti-angiogenic factors, toxic genes, cytokines, tumor suppressor gene, antigenic
vaccines, or antibodies specifically to cancer cells.

[0069] Additionally, the heterologous targeting peptide-modified AAV variants have
been characterized on a tissue level in the studies presented herein, their tropism could be
further investigated at the cellular level to enable cell-type specific targeting of transgene
delivery. This could be of significant importance in an immune setting, for instance, where
delivery of key transcription factors to regulatory T cells could provide a new treatment
paradigm for autoimmune disorders or delivery of targeting receptors to cytotoxic T cells
could transform the field of immuno-oncology. In the brain, using the platform to specifically
target microglia could enable novel treatment approaches for diseases such as Alzheimer’s
and Parkinson’s. Furthermore, while the modified AAV vectors presented thus far make use
of a single peptide insertion site on the AAV capsid. It is postulated that dual-insertion of an
identified peptide at both the “Loop1™ and “Loop2” sites could further improve the
specificity of transduction.

[0070] Due to the rational design approach of the methodology disclosed herein, the
heterologous targeting peptide-modified AAV variants disclosed herein could be broadly
utilized for basic research purposes. AAVs do not traditionally transduce cells in culture very
effectively, which is especially true for primary cultures. The heterologous targeting peptide-
modified AAV variants identified using the methods disclosed herein could enhance
transduction and delivery of transgenes, greatly enabling basic research studies which were
not previously feasible.

[0071] The heterologous targeting peptide- modified lentivirus variants identified
here could be of broad use both clinically and experimentally. Tissue or cell type specific

lentiviral particles have many potential applications. Lentiviral particles which can more
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efficiently transduce immune cells could have great utility for engineering chimeric antigen
receptor (CAR) T cells for clinical applications. Additionally, tissue or cell type specific
lentiviral particles could have great utility as basic science reagents. For example, being able
to transduce a single cell type in a mixed population opens up unique screening avenues for
perturbing cells of interest while sparing bystanders. More specifically, modermn 3-
dimensional tissue culture often makes use of multiple cell types to more accurately model
tissue level physiology and architecture. A cell-type specific lentivirus could thus be applied
to 3-dimensional tissue models to genetically modify only a subset of the cells which make
up the tissue. Beyond the direct applications of engineered lentiviruses, the peptides
discovered by this screening methods disclosed herein could also be applied to alternative
gene and drug delivery modalities. For example, peptides identified using the methods
disclosed herein could be used as targeting ligands for lipid nanoparticles, fused to
therapeutic proteins to enable targeted delivery, or even integrated into other viral particles
with different wild-type tropism. Targeting of lipid nano-particles is of special interest, due to
the similarities between a lipid nanoparticle and the lipid wrapped structure of a lentivirus.
Re-targeted lipid nano-particles have immense therapeutic potential, in fields such as vaccine
delivery, gene therapy, or targeted imaging.

[0072] As indicated above, any number of virus and viral particles may be coated
using the methods disclosed herein, including enveloped viruses, such as retroviruses. In
regards to enveloped viruses, the viruses may be first treated to remove the viral envelope,
and then coated with membrane fragments using the methods disclosed herein. Examples of
method to remove viral envelopes include use of detergents, like triton-X 100, and 3-[(3-
cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS); use of alcohols, like
ethanol and 2-propanol; heat treatment; and drying.

[0073] The disclosure provides a method for coating a virus or viral particle with
membrane fragments comprising one or more of the following steps: lysing cells in a
hypotonic solution, which optionally may be combined with Dounce homogenization or
sonication, in order to fractionate the cell membrane; removing cells and cell debris by
differential centrifugation, leaving a membrane enriched fraction; pelleting and extruding the
membrane fragments through polycarbonate membrane(s) to generate purified membrane
fragments; coating virus or viral particles by coextruding the virus or viral particles with the

purified membrane fragments through polycarbonate membrane(s).
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[0074] The cells that are used to generate the membrane fragments disclosed herein,
are referred to herein as donor cells. The donor cells are generally eukaryotic in origin and
are typically mammalian cells. The donor cells can originate from any number of different
types of organisms, including from humans, mice, rats, rabbits, sheep, goats, non-human
primates, dogs, etc. Moreover, the methods disclosed herein are not limited to a particular
donor cell type, and the membrane fragments can be generated from a variety of different
cells types, including, but not limited to, stem cells, progenitor cells, primary cells, somatic
cells, germline cells, tumor cells, cell lines, etc. Thus, the methods of the disclosure have
general applicability and can be used with different types of cells, from different organisms.
Further, the donor cells can be selected so as to generate a coated viruses or viral particle for
a specific purpose, for example delivering to a specific cell or tissue type, or improving the
efficiency of the therapy.

[0075] The donor cells may be modified such that the membrane fragments generated
therefrom further comprise a targeting ligand. Such a targeting ligand may be used to direct
the coated viruses or viral particles of the disclosure to specific cells with which they will
ultimately fuse. Such a targeting ligand can be produced, for example, by engineering the
donor cells to express a cell surface anchoring motif comprising a targeting ligand (e.g., a
neuron-specific RVG peptide), or by affixing peptides to membrane proteins via maleimide
based linkers. Examples of cell surface anchoring/display motifs include, but are not limited
to, outer membrane proteins, lipoproteins, glycosylphosphatidylinositol (GPI) anchoring
motifs, and autotranspoters. The targeting ligand can be a member of a specific binding pair,
the other of which is found on the target cells (Alvarez-Erviti et al., Nature Biotechnology 29:
341-345 (2011)). In one embodiment, the targeting ligand is an antibody or antigen binding
fragment thereof (e.g., a single chain antibody (scFV)) that specifically binds a marker
present on a cellular target. In another embodiment, the targeting ligand is a short homing
peptide. Examples of sequences for short homing peptides include, but are not limited to,
ATWLPPR, NGR, CRTLTVRKC, CRKRLDRNC, SPSYVYHQF, SVYDFFVWL,
aKXVAAWTLKAAaZC, SFERFEIFPKEC, CRGDKCPDC, KLWVLPKGGGCAm,
CSKSSDYQC, hTrail (114-281), TFFYGGSRGKRNNFKTEEY, CGNKRTR,
CHVLWSTRC, CDLRSAAVC, cRGFfK, cdG-HoCit-GPQc-Ebes-K-alkyne,
HLNILSTLWKYR, cyclic RGD, ¢(RGDyK), cRGD, ¢(RGDyK), and GRGDS.

[0076] One of the primary advantages of the coated viruses or viral particles disclosed

herein is avoiding immunodetection in a subject. More specifically, the coated virus or viral

22



WO 2022/212928 PCT/US2022/023177

particles disclosed herein will not be recognized by the human immune system as a pathogen
because the outer cell membrane has a human source, containing proteins that prevent
neutralization by immune cells.

[0077] Immunity can be broadly defined as all the processes that enable an organism
to defend itself against antigens perceived as causing a rupture of homeostatic welfare. Since
recombinant AAV vectors do not contain any viral gene, the only sources of foreign antigens
brought in during gene transfer are derived from the viral capsid and the transgene product.
The nucleic acid contained in the virion may also concur to activate immunity via
engagement of Toll-like receptors. The prevalence of total anti-AAV antibodies is close to
70% of the population for AAV1 and AAV?2, 45% for AAV6 and AAV9, and 38% for
AAVS. Importantly, titers of anti-AAV immunoglobulin G (IgG) antibodies correlate
significantly, though not completely, with titers of anti-AAV neutralizing antibodies. Anti-
capsid cellular responses are less preponderant than humoral responses. Correlation studies
between anti-AAV humoral and cellular responses suggest that there is no link between both
parameters, at least for the AAV1 and AAV?2 serotypes.

[0078] While rAAV vectors do not encode viral proteins, the viral particles have an
identical composition to WT AAV. Therefore, high doses of rAAV vectors can potentially
activate recall responses generated against WT AAV capsid following cross-presentation of
capsid antigens on target cells. The easiest way to bypass the impact of pre-existing immune
responses to AAV would be simply to exclude from clinical trials the subjects exhibiting high
amounts of anti-AAV antibodies/neutralizing factors or capsid-reactive T cells. Considering
that AAV-seropositive individuals represent up to 70% of the population, exclusion is
difficult. Similarly, pre-screening patients to exclude those with pre-existing anti-AAV
cellular immunity is not a sound approach, as the frequency of pre-existing circulating AAV-
specific T cells in PBMCs is too low to permit their systematic detection through ELISpot or
flow cytometry assays. Furthermore, positive anti-capsid cellular responses in clinical trials
are not systematically translated into deleterious clinical consequences, and there is currently
no means of predicting which parameters will trigger the onset of harmful responses.
Importantly, though anti-AAV immune responses can result in loss of transgene expression,
they do not inflict other harmful sequelae to the patient and seem to be so far more an
“efficiency” than a “safety” issue. The best trade-off one can currently imagine is to engineer
rAAV vectors with better transduction efficiency, carrying optimized therapeutic transgenes

and with reduced immunogenic profiles. Such vectors would provide a higher therapeutic
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index, as they would permit therapeutic efficiency at doses sufficient to bypass pre-existing
humoral immunity, but not high enough to trigger deleterious cellular immunity.

[0079] Accordingly, the methods of the disclosure can greatly improve the efficacy
and safety of current gene therapies, many of which use adeno-associated viruses due to their
low pathogenicity and high degree of infectivity. Because AAVs (as well as the vast majority
of gene therapy products) do not mediate lifelong transgene expression, there is considerable
need for a method to bypass the immune system and enable repeat dosing. Encapsulating the
AAV (or other gene therapy vector) in non-immunogenic human cell membranes allows for
multiple doses of immunogenic gene therapies to be safely administered to patients. As such,
the coated viruses or viral particles provide for a higher therapeutic index than non-coated
viruses, and would permit therapeutic efficiency at doses sufficient to bypass pre-existing
humoral immunity (e.g., humoral immunity to AAV), but not high enough to trigger
deleterious cellular immunity. Further, the coated viruses and viral particles made by the
methods disclosed herein can be further modified to provide for targeted delivery by the
selection of the specific types of donor cells and/or use of targeting ligands. Additionally,
peptide sequences can be added to the viral capsid to improve transduction and inhibit the
pathway that presents viral antigens to immune cells (i.e., Major Histocompatibility
complex). Such peptide sequences can be identified using the methods described in WO
2018/170015, the disclosure of which is incorporated herein in-full, which describes
identifying one or more regions of an AAV capsid protein with affinity for a major
histocompatibility complex (MHC), and modifying the one or more regions of the AAV
capsid protein with affinity for the MHC through one or more amino acid substitutions, such
that the modified region has no affinity for the MHC. Additionally, directed evolution can be
used to rapidly engineer viruses or viral particles with desired gene delivery properties,
including neutralizing antibody-evasion properties, as well as enhanced gene delivery, gene
targeting, and enhanced capacity to infect. Such directed evolution strategies for creating
virus variants with improved properties are described in the following references, which
disclosure of which are incorporated herein in-full, Asuri et al., Molecular Therapy
20(2):329-338 (2012)); Maheshri et al., Nat Biotechnol 24:198-294 (2006); Koerber et al.,
Mol Ther 16:1703-1709 (2008); Koerber et al., Mol Ther 17:2088-2095 (2009); Klimczak et
al., PLoS One 4:€7467 (2009); Exoffon et al., Proc Natl Acad Sci USA 106:3865-3870
(2009); Li et al., Mol. Ther 17:2067-2077 (2009); and Grimm et al., J Virol 82:5887-5911

(2008)). By preventing the presentation of antigens and/or by improving the evasion
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properties of the viruses to antibody neutralization, the immune stealth qualities of the coated
viruses or viral particles of the disclosure can be improved without having to administer
immunosuppressants, which may have deleterious effects.

[0080] The coated viruses and viral particles made by the methods of the disclosure
can be used to treat diseases which can be ameliorated by the delivery or the actions of viral
gene therapy, or other therapies (e.g., antisense oligonucleotide, small molecule therapeutics,
genome engineering, etc.) on the target cells. In one embodiment, the disease involves or is
caused by a genetic deficiency in the target cells. The molecule for which they are deficient
(or encoding the molecule for which they are deficient) can be delivered to the appropriate
cells via the coated viruses or viral particles disclosed herein.

[0081] The disclosure further provides methods of delivering viral gene therapy, or
other therapy, to a subject comprising, administering an effective amount of a coated virus or
viral particle preparation produced by a method disclosed herein to the subject. The
administering can be local or systemic. For example, the coated virus or viral particle
preparation disclosed herein may be locally administered to a subject by injection, such as by
injection into an organ or a tumor.

[0082] The disclosure also provides methods of delivering a viral gene therapy, or
other therapy to a cell, comprising: contacting the cell with an effective amount of a coated
virus or viral particle preparation produced by a method disclosed herein that comprises a
gene therapy. In one embodiment, the cell is contacted in vivo. In a further embodiment, the
cell is contacted within an organ or tumor. In yet a further embodiment, the coated virus or
viral particle preparation is produced ex vivo from donor cells of a subject. In an alternate
embodiment, the cell is contacted in vitro.

[0083] The disclosure further provides methods of delivering a CRISPR-Cas genome
engineering system, or other type of genome engineering system to a cell, comprising;
contacting the cell with an effective amount of a coated virus or viral particle preparation
produced by a method disclosed herein which comprises a CRISPR-Cas genome engineering
system. In one embodiment, the cell is contacted in vivo. In a further embodiment, the cell is
contacted within an organ or tumor. In yet a further embodiment, the coated virus or viral
particle preparation is produced ex vivo from donor cells of a subject. In an alternate
embodiment, the cell is contacted in vitro.

[0084] The disclosure further provides for pharmaceutical compositions, formulations

and preparations comprising a coated virus or viral particle described herein for specified
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modes of administration. In one embodiment, a coated virus or viral particle described herein
is an active ingredient in a composition comprising a pharmaceutically acceptable carrier.
Such a composition is referred to herein as a pharmaceutical composition. A
"pharmaceutically acceptable carrier" means any pharmaceutically acceptable means to mix
and/or deliver the targeted delivery composition to a subject. The term "pharmaceutically
acceptable carrier" as used herein means a pharmaceutically acceptable material, composition
or vehicle, such as a liquid or solid filler, diluent, excipient, solvent or encapsulating material,
involved in carrying or transporting the subject agents from one organ, or portion of the body,
to another organ, or portion of the body. Each carrier should be "acceptable" in the sense of
being compatible with the other ingredients of the composition and is compatible with
administration to a subject, for example a human. Such compositions can be specifically
formulated for administration via one or more of a number of routes, such as the routes of
administration described herein. Supplementary active ingredients also can be incorporated
into the compositions. When an agent, formulation or pharmaceutical composition described
herein, is administered to a subject, preferably, a therapeutically effective amount is
administered. As used herein, the term "therapeutically effective amount" refers to an amount
that results in an improvement or remediation of the condition.

[0085] Administration of the pharmaceutical composition to a subject is by means
which the coated viruses or virial particle contained therein will contact the target cell. The
specific route will depend upon certain variables such as the target cell and can be determined
by the skilled practitioner. Suitable methods of administering a coated virus or viral particle
described herein to a patient include any route of in vivo administration that is suitable for
delivering a coated virus or viral particle to a patient. The preferred routes of administration
will be apparent to those of skill in the art, depending on the preparation’s type of viral gene
therapy being used, the target cell population, and the disease or condition experienced by the
subject. Preferred methods of in vivo administration include, but are not limited to,
intravenous administration, intraperitoneal administration, intramuscular administration,
intracoronary administration, intraarterial administration (e.g., into a carotid artery),
subcutaneous administration, transdermal delivery, intratracheal administration, subcutaneous
administration, intraarticular administration, intraventricular administration, inhalation (e.g.,
aerosol), intracerebral, nasal, oral, pulmonary administration, impregnation of a catheter, and
direct injection into a tissue. In an embodiment where the target cells are in or near a tumor, a

preferred route of administration is by direct injection into the tumor or tissue surrounding the
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tumor. For example, when the tumor is a breast tumor, the preferred methods of
administration include impregnation of a catheter, and direct injection into the tumor.
[0086] Intravenous, intraperitoneal, and intramuscular administrations can be
performed using methods standard in the art. Aerosol (inhalation) delivery can also be
performed using methods standard in the art (see, for example, Stribling et al., Proc. Natl.
Acad. Sci. USA 189: 11277-11281, 1992, which is incorporated herein by reference in its
entirety). Oral delivery can be performed by complexing an extracellular vesicle preparation
of the present invention to a carrier capable of withstanding degradation by digestive
enzymes in the gut of an animal. Examples of such carriers, include plastic capsules or
tablets, such as those known in the art.

[0087] One method of local administration is by direct injection. Direct injection
techniques are particularly useful for administering the coated virus or viral particle to a cell
or tissue that is accessible by surgery, and particularly, on or near the surface of the body.
Administration of a composition locally within the area of a target cell refers to injecting the
composition centimeters and preferably, millimeters from the target cell or tissue.

[0088] The appropriate dosage and treatment regimen for the methods of treatment
described herein will vary with respect to the particular disease being treated, the coated virus
or viral particle being delivered, and the specific condition of the subject. The skilled
practitioner is to determine the amounts and frequency of administration on a case-by-case
basis. In one embodiment, the administration is over a period of time until the desired effect
(e.g., reduction in symptoms is achieved). In a certain embodiment, administration is 1, 2, 3,
4,5, 6, or 7 times per week. In a particular embodiment, administration is over a period of 1,
2,3,4,5,6,7,8.,9, or 10 weeks. In another embodiment, administration is over a period of 2,
3,4, 5, 6 or more months. In yet another embodiment, treatment is resumed following a
period of remission.

[0089] For use in the applications described herein, kits and articles of manufacture
are also described herein. Such kits can comprise a carrier, package, or container that is
compartmentalized to receive one or more containers such as vials, tubes, and the like, each
of the container(s) comprising one of the separate elements to be used in a method described
herein. Suitable containers include, for example, bottles, vials, syringes, and test tubes. The
containers can be formed from a variety of materials such as glass or plastic.

[0090] For example, the container(s) can comprise one or more agents for coating

viruses or viral particles described herein, optionally in a composition or in combination with
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another agent as disclosed herein. The container(s) optionally have a sterile access port (for
example the container can be an intravenous solution bag or a vial having a stopper
pierceable by a hypodermic injection needle). Such kits optionally comprise a compound
disclosed herein with an identifying description or label or instructions relating to its use in
the methods described herein.
[0091] A kit will typically comprise one or more additional containers, each with one
or more of various materials (such as reagents, optionally in concentrated form, and/or
devices) desirable from a commercial and user standpoint for use of a compound described
herein. Non-limiting examples of such materials include, but are not limited to, buffers,
diluents, filters, needles, syringes; carrier, package, container, vial and/or tube labels listing
contents and/or instructions for use, and package inserts with instructions for use. A set of
instructions will also typically be included.
[0092] A label can be on or associated with the container. A label can be on a
container when letters, numbers or other characters forming the label are attached, molded or
etched into the container itself; a label can be associated with a container when it is present
within a receptacle or carrier that also holds the container, e.g., as a package insert. A label
can be used to indicate that the contents are to be used for a specific therapeutic application.
The label can also indicate directions for use of the contents, such as in the methods
described herein. These other therapeutic agents may be used, for example, in the amounts
indicated in the Physicians' Desk Reference (PDR) or as otherwise determined by one of
ordinary skill in the art.
[0093] The disclosure further provides that the methods and compositions described
herein can be further defined by the following aspects (aspects 1 to 87):

1. A viral vector having a capsid protein comprising a heterologous targeting
peptide in a range of 10-30 amino acids in length.

2. The viral vector of aspect 1, wherein the heterologous targeting peptide is
about 15-25 amino acids in length.

3. The viral vector of aspect 1 or 2, wherein the heterologous targeting peptide is
about 20 amino acids in length.

4, The viral vector of any one of aspects 1-3, wherein the viral vector is an
adeno-associated virus (AAV).

5. The viral vector of any one of aspect 1-3, wherein the viral vector is a

lentiviral vector.
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6. The viral vector of any one of aspects 1 to 5, wherein the capsid protein is a

VPI capsid protein.

7. The viral vector of any one of aspects 1 to 5, wherein the capsid protein is a
VP2 capsid protein.
8. The viral vector of any one of aspects 1 to 5, wherein the capsid protein is a

VP3 capsid protein.

9. The viral vector of any one of any one of aspects 1-4 and 6-8, wherein the
heterologous targeting peptide is inserted into an AAV capsid protein at loop 1 and/or loop 2.

10. The viral vector of any one of aspects 1-3 or 9, wherein the viral vector is an
AAVS.

11. The viral vector of any one of aspects 1-4 and 6-9, wherein the viral vector is
an AAVO.

12. The viral vector of any one of aspects 1-11, wherein the heterologous targeting
peptide is flanked by a linker peptide at the N-terminal and C-terminal ends of the
heterologous targeting peptide.

13.  The viral vector of any one of aspects 1-11, wherein the heterologous targeting
peptide is not flanked by a linker peptide at the N-terminal and C-terminal ends of the
heterologous targeting peptide.

14, The viral vector of any one of aspects 1-13, wherein the heterologous targeting
peptide targets the viral vector to hepatocytes or liver tissue.

15.  The viral vector of any one of aspects 1-13, wherein the heterologous targeting
peptide targets the viral vector to neuronal cells or brain tissue.

16.  The viral vector of any one of aspects 1-13, wherein the heterologous targeting
peptide targets the viral vector to pancreatic cells or pancreas tissue.

17.  The viral vector of any one of aspects 1-13, wherein the heterologous targeting
peptide targets the viral vector to cardiac cells or heart tissue.

18.  The viral vector of any one of aspects 1-13, wherein the heterologous targeting
peptide targets the viral vector to lung tissue.

19.  The viral vector of any one of aspects 1-13, wherein the heterologous targeting
peptide targets the viral vector to intestinal tissue.

20.  The viral vector of any one of aspects 1-13, wherein the heterologous targeting

peptide targets the viral vector to spleen tissue.
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21.  The viral vector of any one of aspects 1-13, wherein the heterologous targeting
peptide targets the viral vector to renal cells or kidney tissue.

22, The viral vector of any one of aspects 1-13, wherein the heterologous targeting
peptide targets the viral vector to muscle cells or tissue.

23. An adeno-associated virus (AAV) capsid protein comprising a heterologous
targeting peptide cloned into loop 1 and/or loop 2 of the capsid protein, wherein the
heterologous targeting peptide is about 10-30 amino acids in length.

24, The AAV capsid protein of aspect 23, wherein the capsid protein is a VP1
capsid protein.

25. The AAV capsid protein of aspect 23, wherein the capsid protein is a VP2
capsid protein.

26. The AAV capsid protein of aspect 23, wherein the capsid protein is a VP3
capsid protein.

27.  The AAV capsid protein of aspect 23 to 26, wherein the heterologous
targeting peptide is about 15-25 amino acids in length.

28.  The AAV capsid protein of any one of aspects 23 to 27, wherein the
heterologous targeting peptide is about 20 amino acids in length.

29.  The AAV capsid protein of any one of aspects 23 to 28, wherein the
heterologous targeting peptide is flanked by a linker peptide at the N-terminal and C-terminal
ends of the heterologous targeting peptide.

30.  The AAV capsid protein of any one of aspects 23 to 29, wherein the
heterologous targeting peptide targets hepatocytes or liver tissue.

31.  The AAV capsid protein of any one of aspects 23 to 29, wherein the
heterologous targeting peptide targets neuronal cells or brain tissue.

32.  The AAV capsid protein of any one of aspects 23 to 29, wherein the
heterologous targeting peptide targets pancreatic cells or pancreas tissue.

33.  The AAV capsid protein of any one of aspects 23 to 29, wherein the
heterologous targeting peptide targets cardiac cells or heart tissue.

34.  The AAV capsid protein of any one of aspects 23 to 29, wherein the
heterologous targeting peptide targets lung tissue.

35. The AAV capsid protein of any one of aspects 23 to 29, wherein the

heterologous targeting peptide targets intestinal tissue.
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36.  The AAV capsid protein of any one of aspects 23 to 29, wherein the
heterologous targeting peptide targets spleen tissue.

37.  The AAV capsid protein of any one of aspects 23 to 29, wherein the
heterologous targeting peptide targets renal cells or kidney tissue.

38.  The AAV capsid protein of any one of aspects 23 to 29, wherein the
heterologous targeting peptide targets muscle cells or tissue.

39. A recombinant AAV (rAAV) comprising a capsid protein of any one of
aspects 23-38.

40. A recombinant AAV (rAAV) comprising a capsid protein having a targeting
peptide in loop 1 and/or loop 2 wherein the targeting peptide is independently selected from
SEQ ID Nos:5865 to 11445.

41.  The recombinant AAV of aspect 40, wherein the recombinant AAV further
comprises a heterologous polynucleotide for gene delivery.

42. The recombinant AAV of aspect 41, wherein the heterologous polynucleotide
is a therapeutic gene.

43. A composition comprising the recombinant rAAV of any one of aspects 40-
42.

44, The composition of aspect 43 further comprising a pharmaceutically
acceptable carrier.

45, A method for delivering a transgene to a subject comprising:

administering a recombinant AAV (rAAV) to a subject, wherein the rAAV comprises:

(1) a capsid protein of any one of aspects 23-38, and
(i1) at least one transgene, and wherein the rAAYV infects cells of a target tissue
of the subject.

46. The method of aspect 45, wherein the at least one transgene encodes a protein.

47. The method of aspect 46, wherein the protein is an immunoglobulin heavy
chain or light chain or fragment thereof.

48.  The method of aspect 45, wherein the at least one transgene encodes a small
interfering nucleic acid.

49.  The method of aspect 48, wherein the small interfering nucleic acid is a
miRNA.

31



WO 2022/212928 PCT/US2022/023177

50.  The method of aspect 48, wherein the small interfering nucleic acid is a
miRNA sponge or TuD RNA that inhibits the activity of at least one miRNA in the subject or
animal.

51.  The method of aspect 49, wherein the miRNA is expressed in a cell of the
target tissue.

52. The method of aspect 45, wherein the target tissue is skeletal muscle, heart,
liver, pancreas, brain or lung.

53. The method of aspect 45, wherein the transgene expresses a transcript that
comprises at least one binding site for a miRNA, wherein the miRNA inhibits activity of the
transgene, in a tissue other than the target tissue, by hybridizing to the binding site.

54, The method of aspect 45, wherein the at least one transgene encodes a gene
product that mediates genome editing.

55. The method of aspect 45, wherein the transgene comprises a tissue specific
promoter or inducible promoter.

56. The method of aspect 55, wherein the tissue specific promoter is a liver-
specific thyroxin binding globulin (TBG) promoter, an insulin promoter, a glucagon
promoter, a somatostatin promoter, a pancreatic polypeptide (PPY) promoter, a synapsin-1
(Syn) promoter, a creatine kinase (MCK) promoter, a mammalian desmin (DES) promoter, a
a-myosin heavy chain (a-MHC) promoter, or a cardiac Troponin T (¢TnT) promoter.

57.  The method of any one of aspects 45 to 56, wherein the rAAV is administered
intravenously, intravascularly, transdermally, intraocularly, intrathecally, orally,
intramuscularly, subcutaneously, intranasally, or by inhalation.

58. The method of any one of aspects 45 to 57, wherein the subject is selected
from a mouse, a rat, a rabbit, a dog, a cat, a sheep, a pig, and a non-human primate.

59. The method of any one of aspects 45 to 57, wherein the subject is a human.

60. An isolated nucleic acid encoding an AAV capsid protein containing an amino
acid sequence selected from the group consisting of SEQ ID No:5865 to 11444 and 11445,

61. A composition comprising the isolated AAV capsid protein of any one of
aspects 23 to 38.

62. The composition of aspect 61 further comprising a pharmaceutically
acceptable carrier.

63. A kit for producing a rAAV, the kit comprising: a container housing an

isolated nucleic acid of aspect 60.
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64, The kit of aspect 63 further comprising instructions for producing the rAAYV.

65.  The kit of aspect 63 or aspect 64, further comprising at least one container
housing a recombinant AAV vector, wherein the recombinant AAV vector comprises a
transgene.

66. A method for coating a virus or viral particle with membrane fragments
comprising:

lysing donor cells in a hypotonic solution, which optionally may be combined with
Dounce homogenization or sonication, in order to fractionate the cell membrane;

removing cells and cell debris by one or more rounds of centrifugation, leaving a
membrane enriched fraction;

extruding the membrane enriched faction through polycarbonate membrane(s) to
generate purified membrane fragments; and

coating virus or viral particles by coextruding the virus or viral particles with the
purified membrane fragments through polycarbonate membrane(s).

67.  The method of aspect 66, wherein the viruses or viral particles are non-
enveloped viruses or viral particles.

68. The method of aspect 66, wherein the viruses or viral particles are enveloped
viruses or viral particles which have had their viral envelope removed.

69.  The method of any one of aspects 66-68, wherein the viruses or viral particles
are selected from retroviruses, adenovirus, adeno-associated virus, hybrid adenoviruses,
alphavirus, herpes simplex virus, poxvirus, Epstein-Barr virus and lentivirus.

70.  The method of aspect 69, wherein the viruses or viral particles are adeno-
associated viruses (AAV).

71.  The method of any one of aspects 66-70, wherein the viruses or viral particles
have been modified by directed evolution to have increased neutralizing antibody-evasion
properties, as well as enhanced gene delivery, gene targeting, and/or enhanced capacity to
infect.

72.  The method of any one of aspects 66-71, wherein the viruses or viral particles
have been modified by one or more amino acid substitutions in one or more regions of a viral
capsid protein so as to reduce the affinity of the viral capsid protein for the major
histocompatibility complex.

73.  The method of any one of aspects 66-71, wherein the donor cells are

mammalian cells.
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74.  The method of aspect 73, wherein the donor cells are human cells.

75. The method of aspect 74, where the donor cells are human stem cells, human
progenitor cells, human primary cells, human somatic cells, human germline cells, or human
tumor cells.

76.  The method of any one of aspects 66-75, wherein the membranes of the donor
cells have been modified to express or present a targeting ligand.

717. The method of aspect 76, wherein the targeting ligand is used to improve entry
of the coated viruses or viral particles into target cells, inhibit components of the immune
response to the coated viruses or viral particles, or to target the coated viruses or viral
particles to certain cell types or organs.

78. The method of aspect 76 or aspect 77, wherein the targeting ligand is a
peptide, antibody or antibody fragment.

79. The method of aspect 78, wherein the targeting ligand comprises a peptide of
any one of SEQ ID Nos:5865 to 11445,

80. Coated viruses or viral particles made by the method of any one of aspects 66-
79.

81. The coated viruses or viral particles of aspect 80, wherein the coated viruses or
viral particles have been modified to comprise a targeting ligand.

82. The coated viruses or viral particles of aspect 81, wherein the coated viruses or
viral particles are used to deliver transgene(s) into target cells.

83. The coated viruses or viral particles of aspect 81 or aspect 82, wherein the
coated viruses or viral particles are used to genome engineer target cells.

84. A pharmaceutical composition comprising the coated viruses or viral particles
of any one of aspect 80 to 83 and a pharmaceutically acceptable carrier, diluent, binder and/or
filler.

85. A method of treating a subject suffering from a disease or disorder in need of
treatment thereof, comprising administering the coated viruses or viral particles of any one of
aspects 80 to 83, or the pharmaceutical composition of aspect 84.

86. An engineered viral particle comprising an artificially prepared lipid envelope.

87. A method of preparing an engineered retroviral particle, the method
comprising treating a retroviral particle with a detergent to remove a lipid envelop to obtain
naked retroviral particles, isolating the naked retroviral particles and co-extruding a lipid

envelop with the naked retroviral particles to obtain an engineered retroviral particle.
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[0094] The following examples are intended to illustrate but not limit the disclosure.
While they are typical of those that might be used, other procedures known to those skilled in
the art may alternatively be used.

EXAMPLES
[0095] Protocol for producing membrane bound AAVs: Adherent cells are grown to
at least 70% confluency. The cells are detached by using 0.05% trypsin, pelleted by
centrifuging at 500 x g, and washed with PBS (x3). The cells are taken up in hypotonic lysis
buffer: 0.2 mM EDTA in ddH20 + protease inhibitor (1 mini tablet for a 10 mL solution).
The suspension is then adjusted with 1x PBS and DNase is added. The lysed cells are then
centrifuged at 18,000 x g for 7 mins, the supernatant is removed, and the pelleted material is
re-suspended in FBS (7x). After washing the pelleted material in 10 mM Tris-HCI + 0.2 mM
EDTA, the pelleted material is resuspended in ddH20 and sonicated briefly (a few seconds).
A series of extrusions are then performed using 400 nm, 200 nm, 100nm, and then 50 nm
polycarbonate membranes to purify the membrane fragments. The resulting membrane
fragments were then coated onto AAVs by co-extruding the membrane fragments and AAVs
using 200 nm, 100 nm, and then 50 nm polycarbonate membranes. The coated AAVs are
then centrifuged at 18,000 x g for 10 mins in order to isolate membrane coated AAVs from
empty membranes.
[0096] Alternate Protocol for Coating AAVs: The method used to lyse cells and
create membrane fragments is based upon the methods described in Fang ef a/. (Nano Letters
14(4):2181-2188 (2014)). Briefly, the cells are placed in a hypotonic solution (consisting of
20 mM Tris-HCI pH = 7.5 (Mediatech), 10 mM KCI (Sigma Aldrich), 2 mM MgCl: (Sigma
Aldrich), and 1 EDTA-free mini protease inhibitor tablet (Pierce) per 10 mL of solution.
Dounce homogenization with a tight-fitting pestle or sonication can also be used to disrupt
and fractionate the cell membrane. Once the cells have lysed, the cell contents are removed
by centrifugation (e.g., centrifuging at 20,000 x g). The pelleted material is discarded and the
supernatant is centrifuged at 100,000 x g and the pellet containing the plasma membrane
material is collected. The pelleted membranes are washed once with 10 mM Tris-HCI pH =
7.5 and 1 mM EDTA, and then physically serially extruded through a 400 nm, 200 nm, 100
nm and 50 nm polycarbonate membrane. The resulting membrane fragments were then
coated onto AAVs by co-extruding the membrane fragments and AAVs were coextruded

through a 50 nm polycarbonate membrane.
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[0097] Determining AAVs are coated with membranes using transmission electron
microscopy (TEM). Purified membranes are characterized by using transmission electron
microscopy (TEM) by negatively staining with uranyl acetate. Briefly, a drop of membrane
solution (at 1 mg/mL) is deposited onto glow-discharged carbon-coated grid; after 5 minutes,
the grid is rinsed with 10 drops deionized water; and then 1% uranyl acetate (3 drops) is
added to negatively stain membrane particles. The same TEM procedure is then performed
with the sample containing AAV and membrane fragments to confirm presence of membrane
bound AAVs. Additionally, a control sample of PEG coated AAV can be used. Whereby,
the same sizing protocol is used with PEG coated AAVs and AAVs. A Coulter Counter can
be further used to measure size of particles.

[0098] Fluorescence Quenching Test: The donor cells are linked to a fluorescent
probe via a NHS-PEG(2)-maleimide linker. The NHS-PEG(2)-maleimide linker reacts to
amine groups of membrane proteins of the donor cells, and also reacts with the probe’s thiol
group, thereby linking the probe to membrane proteins of the donor cells. The fluorescent

probe has the general structure of:

N
I NO,
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O\ . OH
Oligo
%‘% v SH ¢ ssDNA Probe + ssDNA Quencher

whereby, the 3 end of the probe has a disulfide attached to the single stranded DNA probe,
with the fluorescent dye 6-FAM at the 5° end. The fluorescent probe is the quenched using a

quencher that is attached to a complementary ssDNA sequence.
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[0099] Determining the protein composition of the membrane: A bicinchoninic acid
assay (BCA assay) is first performed in order to get all samples to the same protein
concentration of 1 mg/mL in loading buffer (lithium dodecyl sulfate). The samples are
heated at 70 °C for 10 mins. 20 uL of samples are loaded into each well of a 4-12% Bis-Tris
(buffering agent) 10-well minigel in MOPS running buffer. The gel is then stained with
Coomassie blue, and washed by keeping the stained gel in water over night. The washed gel
is then imaged to give a general protein profile, and is further compared with a stained gel
from the donor cell type. The gel is then transferred to nitrocellulose membrane and western
blot is performed for the specific markers using horseradish peroxidase (HRP)-conjugated
anti-mouse IgG or anti-rabbit IgG antibodies to Pan-cadherin (membrane marker), Na/K
ATPase (membrane pump), CD47 (membrane marker), Histone H3 (nucleus), Cytochrome ¢
oxidase (mitochondria), and GAPDH (cytosol). For controls, antibodies for markers specific
to the donor cells are used; and the protein composition to empty membrane vesicles from the
donor cells is evaluated.

[00100] Elimination half-life of coated AAVs in serum: For membrane-coated AAVs,
the stability of the AAVs in serum is evaluated in serum over several hours (AAVs are
suspended in 100% FBS and the absorbance is measured with a microplate reader over
several hours), and are compared with uncoated AAVs and PEG coated AAVs.

[00101] Long term storage of Coated AAVs: The coated AAVs are lyophilized in 5 wt
% sucrose, then reconstituted with water. The sizes of the coated AAVs prior to
lyophilization and reconstitution are then compared. The coated AAVs can be further
compared to uncoated AAVs and PEG coated AAVs.

[00102] Integrity of the membrane after cellular uptake: The viral capsid is tagged
with red fluorescent dye; the membrane proteins are tagged with green fluorescent dye.
Whether the membrane-bound AAV is fusogenic is determined based upon colocalization of
the signals (i.e., overlapping fluorescent signals).

[00103] Engineered AAV design: To engineer rationally designed AAV capsids for
improved in vivo efficacy and organ specificity, the AAVS and AAV9 capsids were first
modified with peptide insertions at two distinct sites in each serotype. To determine the
insertion sites in each of these capsids, amino acid sites at the top of AAV variable regions
(e.g.., AAV9 VR-VII) were first located within the loop that protrudes from the capsid surface
and are important to AAV-cell interactions. For suitable locations for peptide library

insertion (see FIG. 6A), positions N443 (AAV5-Loopl) and S576 (AAV5-Loop2) were
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identified for AAVS, and positions Q456 (AAV9-Loopl) and A587 (AAV9-Loop2) were
identified for AAV9. These sites have been linked to the endogenous binding sites of AAVS
to a2-3 N-linked sialic acid and platelet derived growth factor receptor and of AAV9 to
galactose and the 37/67 kDa laminin receptor. Accordingly, disruption of these regions via
library insertion most likely will inhibit wild-type receptor-mediated cellular interactions. To
ensure proper folding and presentation of the peptide library, the peptide was flanked with a 2
amino acid sequence containing a small Glycine-Serine (GS) flexible linker. However, it was
further proposed that AAV variants could be engineered with alternative linkers such as
longer flexible linkers (e.g., Glys) or more rigid linkers (e.g., [EAAAK]3).

[00104] Next, to efficiently clone in the ligand library, a ligation-based approach was
utilized with Type IIS restriction enzymes. For this, cloning vectors were created for each of
the 4 serotypes in which the target insertion site was modified to contain the flanking GS
residues with the PaqClI type IIS recognition sites on either end of an ~60 base-pair filler
DNA sequence. Upon treatment with the PaqClI restriction enzyme, the filler DNA is excised
leaving sticky end overhangs which are complementary to the sticky ends generated by
PaqCl treatment of the peptide library (see FIG. 6B). These two components can then be
ligated together to obtain a plasmid pool which has the peptide library cloned into specific
regions of the AAV capsid gene. Through next generation sequencing of this plasmid pool, it
was found that greater than 98% of all peptides present in the originally designed library were
successfully cloned into each AAV capsid gene using this cloning approach (see FIG. 7A-D).
[00105] Furthermore, while the initial screening pool of modified capsids was
composed of AAVS and AAV9 capsids, this approach could be applied to further engineer a
broad range of AAV serotypes. This includes, but is not limited to, wild-type AAV serotypes
such as AAV1-5 and AAV7-9, as well as the over 100 AAV variants which have been
identified in human and non-human primate tissues. Additionally, this approach could be
applied to pseudotyped AAV vectors which comprise mixed capsids and genomes from
different AAV serotypes, as well as previously engineered AAV variants such as AAV-
PHP.eB with improved transduction of neurons and glia in the central nervous system, AAV-
PHP.S with improved tropism for neurons within the peripheral nervous system, and AAV-
DJ which specializes in highly efficient gene transfer in vivo. Finally, while the initial screen
was performed with AAV capsids encapsulating a linear single-stranded DNA genome, this
approach could be utilized with self-complementary AAV (scAAV) genomes to enable

differing gene expression dynamics in vivo.
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[00106] Design of displayed peptide library: Each AAV library consisted of 275,298
peptides, derived from 6,465 proteins. These protein sources were mined from a variety of
protein families, including all protein ligands cataloged in the Guide to Pharmacology
database (Harding et al. 2018), toxins, nuclear localization signals (NLS), viral receptor
binding domains, albumin and Fc binding domains, transmembrane domains, histones,
granzymes, and predicted cell penetrating motifs (see FIG. 5). In addition to peptides coding
for functional biomolecules, 444 control peptides coding for FLAG-tags with premature stop
codons were also included. Because the constructs introduce a stop-codon in the AAV
capsids, none of them should successfully package or transduce cells in vivo.

[00107] Method for identifying infective AAV variants: Utilizing the plasmid pool
described above, AAV capsids were generated by transfecting HEK293T cells with the
plasmid library pool and an adenoviral helper plasmid at a ratio to prevent capsid cross-
packaging. AAVs were purified via iodixanol gradient ultracentrifugation and a subset of the
capsids were subjected to next generation sequencing to determine which peptide inserts were
successfully packaged. Greater than 80% of the starting peptide pool was identified across all
the serotypes {see Fif. TA-D¥}.

[00108] Each AAV capsid pool was then diluted to administer a final viral dose of
0.5E12 viral genomes/mouse for AAVS5 libraries, and 1E12 viral genomes/mouse for AAV9
libraries. AAV libraries were delivered via retro-orbital injections to two mice for each AAV
serotype library. Following a two-week transduction period in vivo the liver, brain, skeletal
muscle, large intestine, spleen, kidney, lungs, heart, and pancreas were collected from each
mouse. DNA was isolated from each tissue using TriZol extraction and the region of the
AAYV capsid containing the peptide insert was selectively PCR-amplified and prepared for
next generation sequencing (e.g., see FIG. 5). Once sequenced, the total count of each
peptide was quantified across all organs for each serotype and normalized relative to the
average read depth of all the samples.

[00109] To analyze the top transducing AAV variants in each organ, the log2(fold-
change) (1og2FC) value was then calculated for each organ and then compared to the count of
that AAV variant in the capsid pool along with a significance value calculated using a one-
sample t-test (see FIG. 8A). It was found in all organs that over 17,000 AAV variants which
have an FDR adjusted p-value<0.05 and a log2FC greater than 1. As expected, many of the
significant hits targeted the liver, and surprisingly, several hits appear to transduce all tissues

{see FIG. 8A) To identify the absohute top performing AAV variants, a series of filtering

39



WO 2022/212928 PCT/US2022/023177

steps were devised to stratify varianis. First, the Levenshiein distance was calculated between
“Tut’ peptides to wdentdy motids that are consistendly able to successtully transduce in vivo
{see FIG, BA). To filter the ~18,000 mital huts, only "hit” peptides were considered where a
stmilar (>50% sequence homology ) peptide was detected among the hit pool. The goal of this
filtering 1s to ensure that the “hit” peptide motils are wiemally reproducible. Second, to
ensure that the high increase in counts across organs was due to a strong transduction
capability rather than low count values in the capsid pool, out all AAV variants were filtered
out with a log2count value less than 3 in the capsid pool. Finally, a log2FC derived Z-score
was calculated for each organ sample, to rank how each peptide performs relative to all others
in a particular organ. Peptides were only considered with a Z-score>2.5 in at least one organ.
The filtering process resulted in a list of 400 top performing displayed-peptides across the
four AAV capsids/loops. Log2FC values for these top performing hits are shown in FIG. 8B-
E.

[00110] A subset of 112 AAV additional variants which appear to be strong
transducers across organs were also identified {see FI{. A}, These additional variants were
identified by taking the average transduction level across all organs, and ranking the AAV
variants on this metric,

[00111] Engineered lentiviral design: In addition to screening engineered AAVs, this
methodology was adapted to engineering peptide-decorated lentiviral particles. To display
peptides on lentiviral particles, a plasmid was built which contains the expression machinery
to constitutively express peptides tethered to an I[CAM1 transmembrane domain, which has
previously been shown to associate with budding lentiviral particles {see Fi{z. 13A). An
identical library of peptides as in the AAV screens was then cloned into this lentiviral display
backbone. The library plasmid also contained a puromycin resistance gene, which could be
used to select successfully infected cells via the addition of puromycin to the cell culture
media. This plasmid library of peptides was used, along with a double mutant VSV G plasmid
(K47Q and R354Q), to produce a library of lentiviral particles in HEK293T cells {see FiG.
148}, The double mutant VSV G retains the ability to promote fusion of the lentiviral
particles to the target cells, but is devoid of native receptor binding capabilities. For lentiviral
production, cells were transfected with a 1:100 dilution of the transfer vector to prevent
cross-packaging of peptide genomes to the incorrect lentiviral particle.

[00112] Method for identifying infective lentiviral variants: To identify cell type

specific lentiviral variants, five cell lines were subjected to targeted transduction using the
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library of peptide-displaying lentiviral particles {sez ¥FI{. ¥8{}. These cells were chosen to
span a variety of tissue types, with the goal of identifying tissue specific lentiviral particles.
The cells were transduced overnight in complete DMEM media, and changed to puromycin
containing media after 48 h. After 3 days of selection in puromycin containing media,
genomic DNA was isolated from the surviving cells via a Qiagen DNeasy genomic DNA
isolation kit. Genomic DNA was then used as a template for PCR reactions (Spug gDNA /
100ul PCR reaction) to amplify the integrated DNA coding for the displayed peptides. A
second PCR was then performed to attach indices and prep the samples for sequencing on an
Illumina NovaSeq. Deep sequencing was then performed to identify peptide variants which
promote infection of each of the above-mentioned cell types.

[00113] It will be understood that various modifications may be made without
departing from the spirit and scope of this disclosure. Accordingly, other embodiments are

within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A viral vector having a capsid protein comprising a heterologous targeting peptide in

arange of 10-30 amino acids in length.

2. The viral vector of claim 1, wherein the heterologous targeting peptide is about 15-25

amino acids in length.

3. The viral vector of claim 1 or 2, wherein the heterologous targeting peptide is about

20 amino acids in length.

4. The viral vector of any one of claim 1-3, wherein the viral vector is an adeno-

associated virus (AAV).

5. The viral vector of any one of claim 1-3, wherein the viral vector is a lentiviral vector.
6. The viral vector of claim 1, wherein the capsid protein is a VP1 capsid protein.
7. The viral vector of claim 1, wherein the capsid protein is a VP2 capsid protein.
8. The viral vector of claim 1, wherein the capsid protein is a VP3 capsid protein.
9. The viral vector of any one of claim 6-8, wherein the heterologous targeting peptide is

inserted into an AAV capsid protein at loop 1 and/or loop 2.

10.  The viral vector of any one of claims 1-3 or 9, wherein the viral vector is an AAVS.

11.  The viral vector of any one of claims 1-3 or 9, wherein the viral vector is an AAV9.

12. The viral vector of claim 10, wherein the heterologous targeting peptide is flanked by

a linker peptide at the N-terminal and C-terminal ends of the heterologous targeting peptide.

13. The viral vector of claim 11, wherein the heterologous targeting peptide is flanked by

a linker peptide at the N-terminal and C-terminal ends of the heterologous targeting peptide.
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14. The viral vector of claim 1, wherein the heterologous targeting peptide targets the

viral vector to hepatocytes or liver tissue.

15. The viral vector of claim 1, wherein the heterologous targeting peptide targets the

viral vector to neuronal cells or brain tissue.

16. The viral vector of claim 1, wherein the heterologous targeting peptide targets the

viral vector to pancreatic cells or pancreas tissue.

17. The viral vector of claim 1, wherein the heterologous targeting peptide targets the

viral vector to cardiac cells or heart tissue.

18. The viral vector of claim 1, wherein the heterologous targeting peptide targets the

viral vector to lung tissue.

19. The viral vector of claim 1, wherein the heterologous targeting peptide targets the

viral vector to intestinal tissue.

20. The viral vector of claim 1, wherein the heterologous targeting peptide targets the

viral vector to spleen tissue.

21. The viral vector of claim 1, wherein the heterologous targeting peptide targets the

viral vector to renal cells or kidney tissue.

22. The viral vector of claim 1, wherein the heterologous targeting peptide targets the

viral vector to muscle cells or tissue.
23.  An adeno-associated virus (AAV) capsid protein comprising a heterologous targeting

peptide cloned into loop 1 and/or loop 2 of the capsid protein, wherein the heterologous

targeting peptide is about 10-30 amino acids in length.
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24, The AAV capsid protein of claim 23, wherein the capsid protein is a VP1 capsid

protein.

25. The AAV capsid protein of claim 23, wherein the capsid protein is a VP2 capsid

protein.

26. The AAV capsid protein of claim 23, wherein the capsid protein is a VP3 capsid

protein.

27. The AAV capsid protein of claim 23, wherein the heterologous targeting peptide is

about 15-25 amino acids in length.

28. The AAV capsid protein of claim 23, wherein the heterologous targeting peptide is

about 20 amino acids in length.

29. The AAV capsid protein of claim 23, wherein the heterologous targeting peptide is
flanked by a linker peptide at the N-terminal and C-terminal ends of the heterologous
targeting peptide.

30. The AAV capsid protein of claim 23, wherein the heterologous targeting peptide

targets hepatocytes or liver tissue.

31. The AAV capsid protein of claim 23, wherein the heterologous targeting peptide

targets neuronal cells or brain tissue.

32. The AAV capsid protein of claim 23, wherein the heterologous targeting peptide

targets pancreatic cells or pancreas tissue.

33. The AAV capsid protein of claim 23, wherein the heterologous targeting peptide

targets cardiac cells or heart tissue.

34, The AAV capsid protein of claim 23, wherein the heterologous targeting peptide

targets lung tissue.
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35. The AAV capsid protein of claim 23, wherein the heterologous targeting peptide

targets intestinal tissue.

36. The AAV capsid protein of claim 23, wherein the heterologous targeting peptide

targets spleen tissue.

37. The AAV capsid protein of claim 23, wherein the heterologous targeting peptide

targets renal cells or kidney tissue.

38. The AAV capsid protein of claim 23, wherein the heterologous targeting peptide

targets muscle cells or tissue.

39. A recombinant AAV (rAAV) comprising a capsid protein of any one of claims 23-38.

40. A recombinant AAV (rAAV) comprising a capsid protein having a targeting peptide
in loop 1 and/or loop 2 wherein the targeting peptide is independently selected from SEQ ID
Nos:5865 to 11445.

41. The recombinant AAV of claim 40, wherein the recombinant AAV further comprises

a heterologous polynucleotide for gene delivery.

42. The recombinant AAV of claim 41, wherein the heterologous polynucleotide is a

therapeutic gene.

43. A composition comprising the recombinant rAAV of any one of claims 40-42.

44,  The composition of claim 43 further comprising a pharmaceutically acceptable

carrier.

45, A method for delivering a transgene to a subject comprising:
administering a recombinant AAV (rAAV) to a subject, wherein the TAAV comprises:

(1) a capsid protein of any one of claims 23-38, and
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(i1) at least one transgene, and wherein the rAAYV infects cells of a target tissue of the

subject.

46. The method of claim 45, wherein the at least one transgene encodes a protein.

47. The method of claim 46, wherein the protein is an immunoglobulin heavy chain or

light chain or fragment thereof.

48. The method of claim 45, wherein the at least one transgene encodes a small

interfering nucleic acid.

49. The method of claim 48, wherein the small interfering nucleic acid is a miRNA.

50. The method of claim 48, wherein the small interfering nucleic acid is a miRNA

sponge or TuD RNA that inhibits the activity of at least one miRNA in the subject or animal.

51. The method of claim 49, wherein the miRNA is expressed in a cell of the target tissue.

52. The method of claim 45, wherein the target tissue is skeletal muscle, heart, liver,

pancreas, brain or lung.

53. The method of claim 45, wherein the transgene expresses a transcript that comprises
at least one binding site for a miRNA, wherein the miRNA inhibits activity of the transgene,

in a tissue other than the target tissue, by hybridizing to the binding site.

54, The method of claim 45, wherein the at least one transgene encodes a gene product

that mediates genome editing.

55. The method of claim 45, wherein the transgene comprises a tissue specific promoter

or inducible promoter.

56. The method of claim 55, wherein the tissue specific promoter is a liver-specific

thyroxin binding globulin (TBG) promoter, an insulin promoter, a glucagon promoter, a
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somatostatin promoter, a pancreatic polypeptide (PPY) promoter, a synapsin-1 (Syn)
promoter, a creatine kinase (MCK) promoter, a mammalian desmin (DES) promoter, a a-
myosin heavy chain (a-MHC) promoter, or a cardiac Troponin T (¢TnT) promoter.

57.  The method of claim 45, wherein the rAAYV is administered intravenously,
intravascularly, transdermally, intraocularly, intrathecally, orally, intramuscularly,

subcutaneously, intranasally, or by inhalation.

58. The method of claim 45, wherein the subject is selected from a mouse, a rat, a rabbit,

a dog, a cat, a sheep, a pig, and a non-human primate.

59. The method of claim 45, wherein the subject is a human.

60. An isolated nucleic acid encoding an AAV capsid protein containing an amino acid

sequence selected from the group consisting of SEQ ID No:5865 to 11444 and 11445.

61. A composition comprising the isolated AAV capsid protein of claim 23,

62. The composition of claim 61 further comprising a pharmaceutically acceptable

carrier.

63. A kit for producing a rAAV, the kit comprising: a container housing an isolated

nucleic acid of claim 60.

64.  The kit of claim 63 further comprising instructions for producing the rAAV.

65. The kit of claim 63, further comprising at least one container housing a recombinant

AAYV vector, wherein the recombinant AAV vector comprises a transgene.
66. A method for coating a virus or viral particle with membrane fragments comprising;

lysing donor cells in a hypotonic solution, which optionally may be combined with

Dounce homogenization or sonication, in order to fractionate the cell membrane;
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removing cells and cell debris by one or more rounds of centrifugation, leaving a
membrane enriched fraction;

extruding the membrane enriched faction through polycarbonate membrane(s) to
generate purified membrane fragments; and

coating virus or viral particles by coextruding the virus or viral particles with the

purified membrane fragments through polycarbonate membrane(s).

67. The method of claim 66, wherein the viruses or viral particles are non-enveloped

viruses or viral particles.

68. The method of claim 66, wherein the viruses or viral particles are enveloped viruses

or viral particles which have had their viral envelope removed.

69.  The method of any one of claims 66-68, wherein the viruses or viral particles are
selected from retroviruses, adenovirus, adeno-associated virus, hybrid adenoviruses,

alphavirus, herpes simplex virus, poxvirus, Epstein-Barr virus and lentivirus.

70. The method of claim 69, wherein the viruses or viral particles are adeno-associated

viruses (AAYV).

71.  The method of any one of claims 66-70, wherein the viruses or viral particles have
been modified by directed evolution to have increased neutralizing antibody-evasion
properties, as well as enhanced gene delivery, gene targeting, and/or enhanced capacity to

infect.

72.  The method of any one of claims 66-71, wherein the viruses or viral particles have
been modified by one or more amino acid substitutions in one or more regions of a viral
capsid protein so as to reduce the affinity of the viral capsid protein for the major

histocompatibility complex.

73. The method of claim 66, wherein the donor cells are mammalian cells.

74. The method of claim 73, wherein the donor cells are human cells.
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75. The method of claim 74, where the donor cells are human stem cells, human
progenitor cells, human primary cells, human somatic cells, human germline cells, or human

tumor cells.

76. The method of claim 66, wherein the membranes of the donor cells have been

modified to express or present a targeting ligand.

717. The method of claim 76, wherein the targeting ligand is used to improve entry of the
coated viruses or viral particles into target cells, inhibit components of the immune response
to the coated viruses or viral particles, or to target the coated viruses or viral particles to

certain cell types or organs.

78. The method of claim 76 or 77, wherein the targeting ligand is a peptide, antibody or
antibody fragment.

79. The method of claim 78, wherein the targeting ligand comprises a peptide of any one

of SEQ ID Nos:5865 to 11445.

80. Coated viruses or viral particles made by the method of any one of claim 66-79.

81. The coated viruses or viral particles of claim 80, wherein the coated viruses or viral

particles have been modified to comprise a targeting ligand.

82. The coated viruses or viral particles of claim 81, wherein the coated viruses or viral

particles are used to deliver transgene(s) into target cells.

83.  The coated viruses or viral particles of claim 81 or 82, wherein the coated viruses or

viral particles are used to genome engineer target cells.

84. A pharmaceutical composition comprising the coated viruses or viral particles of any

one of claims 80 to 83 and a pharmaceutically acceptable carrier, diluent, binder and/or filler.

49



WO 2022/212928 PCT/US2022/023177

85. A method of treating a subject suffering from a disease or disorder in need of
treatment thereof, comprising administering the coated viruses or viral particles of any one of

claims 80 to 83, or the pharmaceutical composition of claim 84.

86. An engineered viral particle comprising an artificially prepared lipid envelope.
87. A method of preparing an engineered retroviral particle, the method comprising
treating a retroviral particle with a detergent to remove a lipid envelop to obtain naked

retroviral particles, isolating the naked retroviral particles and co-extruding a lipid envelop

with the naked retroviral particles to obtain an engineered retroviral particle.

50



PCT/US2022/023177

WO 2022/212928

1/98

A
s ra
5/
L7
e ..,\.,\. 3
Fa
b
T “, e....e “r s
“, ", i
\ \v. a.\. \ o
1 1, %
)
(A
y
,
kS H o
~ Z et
[
'4 3 \.,\
£
4 /
i
# H
p \\ 2
i ; %
i H
% 5 w
3 ; %
% b .,
% £ ]
% :
p.x\\xa\o\ 5

sywswhesd suziguay

BuBIuIBY StBuDIRIA0d
SNG4 WG

UGlioeles vZis

Vol

uonebLausy

JBng sish1 Nu030dAH

§/[87) Uewny

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

2/98
5 L) sSonication/Membrane
. Cosxtrusion

ALY Particles
FIG. IR

Tragitional ARY

Transtuction

Strong Immane
Rasponss

Mambrang-AY

AN N
[mmune Stealth High Transgeng
Exprossion

FIG. 2

SUBSTITUTE SHEET (RULE 26)



222222222222222222222222222222

o -
| | LossoF

N A DCIR N o o
ACTIVATION OF_| B\ AL KFFICACY

CAPSID T CELLS

b EFFICACY

ANTIBODY L LACK OF
NEUTRALIZATION | | EFFICACY




WO 2022/212928 PCT/US2022/023177

?mgrammaizla

o
vQ
ﬁ
o3
@

Membrane-AAY with
Targeting Ligands

hotd

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

5798

Asupiy
‘sunse 7

| ‘ABALY
sswiousg  dieig
AVY paildwy
}0 Bupuenbeg
deagy seubis SN

N

SURWOC SUIPUIE 54 DUS Bngly 747
.wwmﬁ_mi\\w
sawhauedn ™

SHORUOTy

synow Buprnsusd 187

T
R

5

\
3
7z

N

2

AR

WRS

SRR

o
Z

£ 014

.w.,ﬁmamdumﬁbmgm 0} 9pING

., s u-y spndad
A \ PP, | .
- UOBRGgIISig ARG .
ABIASIO AYY -y sppday
Y puebi

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

6/98

AAV Capsid

FIG. 6A
, AAY Display Backbone
AA ITININISIG SIGITIG|G
achanlaacaghgptpcatgeageter . meacctgelegBETCaREgECEsa
DNA tgtitatipacgttajgtocgtocar g oscgapcliCagtigacegeet

Paqll Recognition Sequence

Peptide Insert
cacetgtaca t
gt‘ggxi’ﬂtgtngc

FIG. 6B

AAVE Loopt L br&rsf Cinerage ARVE Loop? ixbravy Qoverage

cghicaaacgeapgis
Higeateeae

206250

FIG. 7B

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

7/98
AAVE Loapt Library Coverage AAVE Loop? Library Coverage
8750 b7 S0
, -

s‘
] H
lrseve 137500
; {

306250

FIG. 7C FIG. 7D

[dentify Conserved Motifs via

AT 007 Cianifirant Danfidac | e
17,997 Significant Peptides . 1 avenshtein Distance
| ;

LogaFC with log2FC > 1 0
:3 Jrmm— “; TR
: e
5 i
. \“\\\\ NN %‘
& \Q§§§\\§§s\§\\\\§§§§ o
Q : &

Samples

S

\\\\\

-
AR

FIG. 8A

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

8/98

FIG. 8C

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

9/98

AAVY Loop] Hits

O

W
)

-2 NN

O

xxxxxxxx

e

1
3
&
X

N

Log2FC

FIG. 8E

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

10/98
FPan-QOrgan wansducing AAVs

A S A AR LA LA AL AN

NIV X

LAY
TR,

S RN

e ¢ AN
AN E
AR

ARARARARARARS AANRANRNL

A
RARAARARAAL

2

LSRR

R R

Pancreas

FIG. 9A
Organ specific AAVs

ARANNNNNRNRANNNS.
AN

RS,
:\\\\\\\\\\\\\\S g

g
o

RLRCTRRR IR

FrrrreTTRTTLY,
AR

-
-

Liver -
Brain
Muscie

Pancreas -

SUBSTITUTE SHEET (RULE 26)

Average Log2FC

PCT/US2022/023177

PRy

EANNEANNANSANNANNANNANN

l\\\\\\\\\\\\\\“\\\\“\\\.

ot

AXROOKREROCRRRRE
AU

BB

A 1 S

KRR KNRNRNRY

ANANARANANNANNRANANNANN
AAAAAANAAARAANAANAS

ﬁ\\\\\\\\m\\\\\\\\\\?& 1 ﬁ

AAAMAMMAMAMNMAMANMNG

AR
AR
ANRNAAANANANAAARANRANE

St
i
N ] v
ARAARAARAAARAANAAANAANNN, \\ b
X *{3,,,,
R = \

AT
ARLELLLALICLL LGOS 3

PRI
AR
PR

SOOI
A LA AA A SR
e
ANV
ANRRAAARANIARANANANANANS,

AR
A A

538

Capsid Count

e
s
&N

2

o

o«

Average Log2FC

;
3
ik
3




WO 2022/212928 PCT/US2022/023177

11/98
Lentiviral Qis;ﬂa}r Piasmid& {I}g@%gn;

s '\\\\\\A
““‘\M N lgx leader B0 Ny
X {£ioning Site Mg
% Mye Tag \\\
{CAM Transmembrane \

Dumain

N
faliiely

EF-1-alpha
promoter

& Furomycin 3
\C‘\ Resigtence \\\
FIG. 10A
Engineered Virus
A\
Y ;\‘ 3 §\\
Mutant VUG & \\“ \\
Mutant VOVG & @@ N ;;;.f
Displayed Peptide \\\\\\\\\gs
8
' &
ff \\\\\\
Q §
2
FIG. 10B
i
Trarisdiciich e SN WEE o W Pooled Library
Ledd 3 - e X ) X \ -
e \\\\“\\t
w\\\\\\\\ \\\\\\\i @\
' \\‘l~\\ \\\\\
MOA-MB-231 K563 Hela A54% HEKE’E}S?
Broast Inmune Cervical Lung Miscellaneous
FIG. 10C

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

12/98

R SR SO B

taducer

T

Travsilucer

iy
Ry

3

g
0

FIG.

11

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

13/98
SO SED | SEQ
Organ | DNO mm' Orgau  IDX

oty fppy

W TN

SEQ
DN
. {ppd
43T

Qrgan

Bylesn

Transdecer
Al - Top
Toaushweer

Al Top
Tramduesy
Al Top
Teausducer
Alt- Top
Transdocer
All - Top
Trwsduser
a&‘i - Top

T Spleen | 4135 986

Splesn | 138 | W

Splesn | SIFF . 8818

X SR Spleen | 208 OIS Spleen 4138 WWi®

plonn | 2064 TITE | Sphen | 41N REH

o N3 Spless | 20EF 0 TIIY Spheen 4180 W81

Tramdiees
Al - Top
Trausdecer
All-Top
Toamaduees
A\i }\*’«3;

RSN Spleen | URGST IR Topheen THIET TOERY

Spleen

4 - Ty Spleen |
Trsduney
Al - Top
Teaw @ﬁium

Brdesw | dR4S . BEXQ

Tﬂm&iﬁ&f
Al Top
Transducer

%‘»‘i

Spleen | IBOR L TR

Spless

Splesn

Spleew | 4L L R3G

Trasduos
Al T
Tranducer

A1 0 3R0Y | Sglesn | MR TR Spleen

¥ N % :
S I BESE
¥ B i B 3
Tranadocer i

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

Qygan 1 IDNG © 3
b oy
Splesn © 2081

Spdeen

Adl-Ta
Transdeosy
: a‘gji - TG@?
. Teanedces
Aft- Top
Toansduosy ;
Al-Tep 1 48 BT Splesn | 2088 THT L Splem
Transdiosy : : : :
Al-Tep | 9% ST Sphen | XRFUTEE Nple | WR W
Teasnducey | : i : : :

All-Tep | 3 &4 Spleen | 88 0 WS 0 Splesn

e

Transduony

Spheca

10 3918 Splesn 2089 Spleen

14}
S
S
pas
:i:
it
4;9’ '

a&}i ~ T’ {\\?
Transdeosy

All - Top

SRUY 0 Bpleew | W

4.7
Py
o
o

Sphen | OS2 | T8E | Spleen | 4188 1 BRE

Al-Tep | 3% W19 Sphen | 203 W0 Spleen
Traaduces :
P Al T
- Transhiow

Spleen Spleen

© Al Tep
- Tramaduosy
Al Top
Transdheer
Al - Top
Tounsduer : , :
Tramdhsonr | : : :

All-Top © & WM 0 Spleen | 21
Tranedurer | ff :
Al -Tep | €% 1 B} Splesa | W
Traseduger : : : : :
Af-Tee 0 &8 BT Splesm 3R TR L Splewm
Transdeesy | f ? :
All - Tap &5 IR Nplesn
Transdunes

PO

JBER

Spisen

Bpdeer

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

15798

PCT/US2022/023177

Orgw

SEQ | SEQ

al L {an

f? Organ X0 DN g

Al - Top
TFeanstocss

S?e‘g}ﬁmm O TS Spleen

%i - Iy \.‘i

'i‘mminms‘

Al Top
 Tranaduesy
Al Top
Trnasdane

g

Al - Top
Trawdecsr

Toamndunee

Al - Top

a

Tonsdiow

ST Spleen | 2D OREY T Bpleen

SR

Al T
Tmsx*e&zc&r

Splven

Spdeen

Aa:i - Tep
Tranaducer

. Splesn

Al -Top
Transcher

Al T
Trawdnner

&i ia}p

Team a&uwz

&fv Top

Transduces

Al
Tranadueer

Al - Top

All - Top
Trusedocer

Splesn

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

16/98

Drgan Qs‘:.*.n'

Al Tep
Transduosy

Teamdueey ¢ : : : :
All-Tap 88 33 Splees | N39O
Teaosdaesy o
All-Top 85 I8 Spless | 2N
Teansdueey
Al-Tep 86 o Sphw - W
Teanaduesr §
Al-Top 0 8F 0 MIE 0 Spless | 132
Tramsdiesy : =
All-Top B8 4§
Tramdocer
ﬁ%l . i.\*\

1;'mxmm : N
All-Top 81 1 S8
Tramdocey :
All-Top ¢ #1080 Splees | 137
Toamducey : : :
Li I&p

S948

JeRE
‘i‘rm selneer

all- }m
Tranmsduow

N

Splesn | 2381 0 T8SY . Spdeen
Teamedoeer : : :
All-Tep % 1 WY Sphen
"1‘{*@{3&&:@ :

Al - Tuy
Seeer
3&3 Top
Transducer
Al - Tap

LSRR S

Hean

\gzim\*s

pxr4

Bydeen

fo
sk
P
L%
i
o
e
74
23
&
7%
o
ol
s
'
£
b2
o
[y

Al - ‘I‘v:*p Splesn

T{ aﬁk\hﬁ‘&\

AV

R
% '\\‘3 §

&) Splesn | VRS

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

17798

SROS

et

L

s

M

By
§52

S P

5
£
52

nw)..

RN VIIIIIIIR

FIG. 11 (Contd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

TS0 sEQ
Ogen  IDNO DO
L o)

Fawy 0 183 0 8584 Spleen

Organ

Spleen | ZIRE 0 T8 Splesn | A0

Liver PR SSRE . Splesn | 2IBY 0 THY L Spleem | 43N a3t

Pawer 0 R OSRET L Spleen | AR O  Splesn AR ¥R

Splesn

Laver

Liver

Spleen

Spleen

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

Orgm | IDNG IMNG | thean
‘ el 0 fppy ‘
Y .\~ K

L4 G

Splesn Spleen

Spleen Spleen |

Splesn Spleva

ST

S0

S

Splear | AT WM Sphan

Splesn

Splean

5967

T Splesa

M Spleen | 280 0 9NN

NI ST RN

Spleen

REi)

N e

¥

pleen | 43089882

Spleen | 4308 1 83

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

20/98

XD

Laver

T
&
%

Bpdeent

fr %7 P &5
Pl 2 o ard,
e Lo besd L]
AR et po P
o ey 24y 4]
e ey k4 g
4 ] 73 o
g8 8 iz
s, A ‘
o4& in
e ﬂr .\ux R el

ATy

¥

o s s 00

e
%

s

g (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

SEQ  SEQ
0 10 NO

Coppy
FREE A

- Orzan - Organ

Boleen

Spleen ga s

Spleen | 2368 FEIY 0 Spdeem | 433X 183

Spdeerr | 2R TN Spleen | A3 ISR

Spleen | 433 18M3
HEN S

Spdeen

Laver Splesn | HIRR WY
Splegs ¢ 43EY L 1ONT

Splesn ¢ 4340

Laver

Laver

g

80

T ipdeen

Spleen

Spleen

Splesn

Spleen

Splesn

231 1000 |

:
\

\

\

\

t

\

\

\

\

:

\

\

\

\

:

\

\

B : i ; i
2 o B o N o 5 B ] 3 S ¥ H PR : .oy H
Sedpen | 238 0 TRET 0 Spdeen | 4384 0GRY
:

\

\

\

\

:

\

\

\

\

!

\

\

\

\

\

\

\

\

Sedser | Q3B L OTROE L Splesn ¢ A3RS L R

Splesn WY Splen | 4356 | 1003

Splesn SO | Splesm 48T L O

Splesn {8 | Splesa WY

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177
22/98

WO 2022/212928

AAAAAAAAA p " , . . LI PO 0 00

vy s
% 3 3, \N
Z %
z &
s R an

o .\\AHM Am
=

Sp
Sl
&

] fased “r
<% hon] b

73 #4
fod i~
bk E]
4 <3

iy s
e £

Y Y P
¥ % A
% o e

FIG. 11 (Cont'd)
SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177
23/98

WO 2022/212928

sy

£

Fulney

>

FIG. 11 (Cont'd)

P e o
: = P
bAoA
5 ix iE
A\\\WA L od “ﬂ\.\.\‘\:e
Wy

e

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

24/98

PCT/US2022/023177

0 Organ

(pp)

| SEQ . SEQ
L IDNO RO

fhgan 1D
futd

G138 | Spleen

ey

RECE

R

ey

AN

R

Ridwey

FRE

Rudsey

Ruchwey

B

Radney

Hukwey

Ruluey

Nidaey

Splesn

RV
Kadney

Laver

Splesn

Radnay

Splesn

I

Splesn

Liver

Lavey

Lavay 8154 Spheen | DIFT 0 OEYT | Hudey
Lavar G188 Hpleen | DIV OBOTR L Rudwew
Liver Spleen 1O23FY 0 8890 0 Redeey | 4438 R

Laver

Spleen

f16¢ - Spless
Y

8t

‘-I: <
tty
2
S

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

CREQ
Organ IBNG D
o

Organ

Laver 3% Sydeen Radney

ot

aad
(3

Laver Spdeen Kudney

L
s
a2
<o,
Tl
2
2

Laver B Nudeey

sy

S Kdeey

Lyver

Lavey Ll

Laver

Lavay ENE 8177 Epleen | 23S BIU | Radeey

Spdeen Kudaey

Splevn

Splesn Nidawy

Splexs Ridaay

MW

Sgdess

NG RN

Spleen

Splesn

Kyrleens Hudsey

Ryt Rlney

Spdeent fuluey

Spleun Nidney

..........................................................

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)




WO 2022/212928

26 /98

PCT/US2022/023177

3; L O8EQ
- Organ | IDNG NG
‘ A

SEO

fhgan 1D
‘ fult

Liver

{nt}

Splevy

- Splesn

B

Splesn | 312

833¥

'
'

:

i .

: fave
:

X

'

Splesn | 2413

S8

Siiw

Kidsey

8338

Ruchwey

Kulsey

Spleen

Fiver SRR e % o
ey ¥¥3 8303 Splesw 817 Hadwey
Laver 378 MY Splesn | MR} | B138 | Kidmwy
Laver 37 S Spless | M 81 Kudwey
Lavey 380

Loy 382
Loy A8%

Laver

Liver

Nidny

Splesn

Splesn | N33

Spleen

FIG. 11 (Cont'd,

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

Drzan  Drga . Owgan 1D

Lo Splesn Nidney

Liver Splesn Gidasy |

Lavey Splesn | 3481 BM8 Radeey | IR2D L MW

8147 Riduey | 4 MR

Laver 3% 82 Splemn

X,

Spleen | 3843 BME Kedwey

Splvent

H8

QA3 Spleen

(\\ ¥

e &

Kiduey
Hiduey

Tavey

Laver

Ly

iy

Paver 0 430 &MY Spleen ¢ S BITY . Rudsey 4N MW

Leeer 0 AFL 0 O3 Sphen 0 M8 BITD . Kadeey | 4509 101

o

%

4

I

3

e

.

£

Srvroroooiriin

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

Organ

Qrgan

Liver

Splesn Riduey

T enee
LAWY

Splesn |

PR 433 a3 | Spless | MF L BT Hadwey | oS35 ISR
Layer 426 8T Splesn | M 8T Kudey | 488 &7
avey 427 A48 Rpleem | MTX 0 RITY G Hudney | 43I IDIRG

Spleen | 34T

Spdeen

et Falaey

Splesn

Kidoey |

Kadaey

Splesn

Ryleen LSS

Spleen

Spdeen Kslney

Westera
Kaudney

Splesn | 2480

Kiduney

Hadsey

Kadoay

MM BB Kudeey

2488 BMEY O Rudwey

M9 T R0 | Keleey

FIG. 11 (Cont'd,

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177
29/98

WO 2022/212928

£ My L % 7,
Peact o bl el <k
7% [T I T £
n e, Pt ) s
g A P gy

i e s B i pososesest

¥ iy iy % B EEERERE BRI BB 5
B % 5] 5% > &% % B i % 2 " (>
e Teth IeE et Lk e Do e 2 e e e
ve g lnd g i i B L R T B B e T W
s M W f W RS ik IS it T b o

onig

o nes bod P L o
g 5 e L E £
Lot P W WA, A pr,
i wr P2 P2 743 w

A
e
5

K3
%
¥

e ipe iwr lun b s
ARl i R i F Z
e RO A R -+

TRy

Lav

.1

FIG
SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

O SEQ N
trgas IDNG . IDXQ
Loely o

Lavay LR RS Spleen | 3R AW

Organ

g

wWhaey

NI}

g ]

Gvar TR

Gdeey |27 RN Hadey - MU S0

Liver P48y 1 &3 Spleen | DERE G R3NY Kdney | 488% 0 102

Ly $88 SHY 0 Spleen | ARXY RN Edeey | 4SS MM

Lever 0 A48 L 4303 Splewn | 3530 R Kudeew | 4587 O

Lavr 4W

Laver

Laver

Laver Riduey | 4381

Kadwey

—

Lamsr 0 308 83 Bpdeen | QBED RIS Ruedeey | 45K W

Liver DS oSS  Spleen L 2ERR L OSMS Nadoey |O$SRE
Rk

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

 Kiduey |

Kicuey

- Hachew

RN B ST : SRS W ; NV QNS T s
Live T 3 Spless O3NS Riduey

Braw

Braut

Brast 31 5895 Spless | BT . OSTT . Kdeey | 4808 | M99

Ridey | 9808 1 MW

Saduey

- Kahawy

Faduey |

(RN

Radasy |

dowy |

Ridney | 4013 | 10235

Kooy | 818 1033

EL TRt

Fadeey |

P TIYY. RERR RN FRRERPIRIS e

{
{
{
R
{
{
i

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

WD IO

L gl

' IDNO . Orgw  IDNO

B

ity

2N Ky

Braw

Baat

Bemin

LR

Paucess

8283 Kulsey

Pawcreas

R34 Kudosy

DoAY 1N
4833 0 IAR2

Panoreas

4R34

Pancresy

Pawcreay

RV
&»}} B

4808

% TSRS ",t.«; > "fs; AN 3V ‘S:}‘i“ . ; AN 3 ‘{"‘&8.“ 3

AR S8 §358 IS 83 Kacdhey | OSBER MG

i

A A A A
: y . &L LR SN Kidaev 34N Y
Pagoreas S48 SI5R GG Kuhey | 4838 0w

i

i

i

i

Fancreas

Bagoneas

Kudaey

Pasoreas

Apleen | N0

- Kudney

Pawreay

G381  Splesn | 28

Paoveas

Haxy

Heut

Hewt

ororsrrelsia

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

Fgan

 Organ (1D

SEG

Spteen

Raduey |

Splesn

Ridany

. Spleen

Ridwey

Kadny

Kaduey

Splesn

Radsey |

geleen

Bidney | 4680

Fadsey

T

Hewmt

Mo

et

Radney | <4883

Feast

Ruduey

et

Heast

Splesn

Heoast Splesa

4868

Heant

Raduey | A9

FRERME

Heany

I Eadwey |

Heat

Kadoey

Kadoey | 893

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

: - SRQ . SEQ
NG Organ | IDNO . IDXO
ppy oty e
§M¢ | Kadsey | 4834 :

Orgon

Heart

Hewt 0 585 3813 0 Hpdeen | 36 KB O Badwey | 48T 13N

Heat | 380 633 Rplen | IS8 0 B Radwey | T YW

Fadney | 48R 18398

Hewt | agy

Hewt Fatwey

Heast 391 &Y ¢ Spless | 288D

P 5o
QS
S S A

S L OMISE L Kidney

Heamt 183

Heat | 58% IS8 W Raduey

Heat L% JWE R0 Radwey | 4SRN

Kooy

Faduey

Kadage

RO S

IS8 B Kadmey o468 1

WY NS | Kadwew | 468y 12

JEEY BT Kadeey |40 W

 Kadney

Faduey

Faduey | 4898 W3S

; : e I )
Heat POERT 0 M4

Heart SR

by
b
by
H b H H
et I Y. R SO UUUUDRRRRUUY: SUT R R

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

35/98
. SEQ . SEQ
NG Drgan

Organ IO IDNO
e g

SEQ

Dresn

Heart 811 84 Bydeon Keloey |
TRt Tar T mn |
AAAAAAAAAAAA Heat &3 88 Spleen Kidney |
T e TTEETTTRT Rpeen AR Wby

Heast RIN EF L Kidoey

Heast

Heast Splevn - RKadoey
 Hadwey |
Kidaey |

Mt 619 8T Spless |

Heast

Splssn

Hewt

Hewrt Hadney

Hemt Hadwey

Hadwey |

aduey

C Raduey

- Kaloey |

Hewt 0 &% 6436 Xplean - Eadoey

Bypdeen 54 Keley | 718 HA6S

Heast

Kiduey | 4733 0 W

Heart C Eadeey |

U Hadey |

FIG. 11 (Cont'd)

Hat

.....................................

T s S S AT S o

!
!

'

'

;

!

'

'

:

'

'

'

¥ - N
1S AN
: Hean
b

!

!

!

'

'

'

;

!

'

'

!

el
oo
s
B2

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

CmED G - SEQ . §
' IBNO Orgw IDNO

i Py
g Badhey

Organ IDND  IDXD
e e

PRV ¥

Hewt 0 &8 3R

Sk
j2
S
et -

Beat | 848 6438 BT Redsey | 29558859

Hewt | 846 6439

I

Heant O EEER S

A

Reat | 630 SR

Sy N o : - ] R
Bl - : 4 . R
My S4315 0 Hadgey | 43
& Q2E 0 DIERLY @

: S
L B B R

418 Kukey | 473

383

Beat 831 S48 Bpleen
§

!
Hewt | 83 6HT Spheen | 71 S Kudsev | 4PM 10890
4

Hegt 0 855 0 6010 Spheen ¢ IMIE 0 MEY Kubwy

Heut

Hewt

ororsrrelsia

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

Orgm ': IBXO  IDNO
e
e 1060

fhean

Kit&my’ 51

Heant

Splesn 3041

pleen | 3T BRY L Radvey | 4T HME

Spleen EH R

sphen | 2T M Kby | R 104W

- Radesy

FHETURET T hhdeey NS RNE

6F

Hewt 0 87 sdas

Kot 87

%.
e,
7.
o

s

Het | 678
TR Rdeey

TS R Eabwey

3
; 3 :
TR Ky W 0430
| | D
3

RN

RO

Heart I JAIY WS Raduey

Heat | 680 408 Bplesn | 3780 0 B8 Radwey | 4979 1 IS

Spldeey

Splesn

et 0 8%

............................. T
POSRE L NP | Splesa

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

frgan Lrgan ff Organ

SEQTSEQ
mNo N0

mh

Feagt Kadwoy

Splesn |

Splesn

S I

Reat | 883 &40

pleen | 3TSG L RASY  Kudeey

Hewt &8 838 Spheen | 2762 SN Ridwey

Heat 0 683 0 G830 Bpleen | 3T BOY L Kehey

Hewt Spleent Kadney

~ Splesn

Splesn

Kidsey

Riduey

P Kadsey

Kadney
3

Kulgey

Teat ¢ M A3 Taver | OOTRE L ORAFE | Kudeey

Hamet

Hemt

Radoey

Kidney | 43

Hawmt

Hamt

Kidoay

~ Splesn |

Kuduey

Feat | 7% GI81 Splew

Kidsey

Feags | % @98 Splew

Spleen Radsey

Kadsey

Spleen 28 0 B8 1 Radwey

Syleen Fadney

£WT 0 HMS3

Rpdean Huhiey

08 ¢ W

e

e N 3
be 3 3 §

H H b
s i Yo R Y R R R ST

FIG. 11 (Cont'd,

SUBSTITUTE SHEET (RULE 26)

...........................................



WO 2022/212928

39/98

PCT/US2022/023177

Orgw

‘ SEQ | SEQ
Orgwm

ippl

LIDNQ  IDNO | Oigan DD XD

{nts

Memrt

Hemt

j11%]

Liaver

Splesn Qs

S48 Spleen

4811

Splesn

8691

WE . BWE L Lawer

Heant

b oac &3 ]
: e 7% %

i;‘ 3 5

Yo,

ek

2o

Heasy

Liver

Lavey

...............................

Hemt

L

Hewt

Taver

Taver

Y i LAt
Howt S

Spleen | OBLS | B3I | Lewer

¥
o
N
o
N
o
s
X

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

40/98

WO 2022/212928

%

A

E

11 (Cont'd)

FIG
SUBSTITUTE SHEET (RULE 26)




WO 2022/212928 PCT/US2022/023177

41/98

L ow e
Inteshie | TE L &MS

Laver

Laves

AR

Laver

Spleen

Sydeens

Kplven

Spleen SN Rdeer WP R e a0

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

42/98

PCT/US2022/023177

| 20 | SEQ
[N N0 Owgm

Orom Orgwm

nt

faty o oippd
t Splesn Kadney | 2% © 88 Taver

Spleen

Splesn

Spdeen

Sydeent

A8

Spleen

Splesn

Splesn Kduey

Radaey |

Splesn

Spl

Splven

Sydeen

Sgleen

Spleen

Splen @ SR} Laver

4868

Spless 83 Taver

1534

PO ! Kedewy | 2R ) BSOS D Iaww

Spbee | BN

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

43/98

PCT/US2022/023177

Organ

SEQ

NG Orgam  IDNO | IDNO

o

OIS
ey

Spleen

Ky | 28

{363

Splven

Kiudawe | 38

Spleen

J/GF

S

08

S8FF s

AN

Kidney | 3918

- Radoey

Fadney

Spdeen

Ridnay |

Spdesn

Kudsey @ 2813

EER T

Splesn

384

.................................

Splesn

Spleen

Splesn

Splees

Ridney | 2008

Splesn

Padvey | 3008

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

QOrgan

488 1888

REE L Laver NG 8938

Spless I L Lever | SR N

Splessy IS Laver o 4SO 160

83

Splesn

Spless

Spdeen

Fadney

Ry 8

Ralney O
IXESE

Fulsey B 6827 1 Haduey

Fadsey 0 B8 1 8828 Rideey

Ralwey B
Badney 169

Koy A9

1S Laver © I 108

ST Lewer BT OWRSY

Bamey B8 BT T Taver T TER

Rulaey 369 ROSD . Lwver | I8

418

Radsey

&
T
7
iy
fot
(7
t

%

FIG. 11 (Cont'd,

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

- OBEQ L BEQ CORED | OSED
{roan m \i}_ i \f} Organ | I}} {} §§} \{‘t {}rgm
L0 w0 imrs} .
WL N Kidewy

Ladney

Raduey

Radwey

Radwey

Relsey 0 897 4380 Muscke

Ealuey

Radany
Riduey
Radney

Kadwoy 88} 881 Lawe

FEEY

Radwey 43 S8 Lher | 28 8T Tawsr BRI

i‘diﬁis“‘e’

Kidmey 0 880 0888 Levey

Radoey 0 887 8998 0 Lowwr

452 1 Laver

Rty BRI v

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

46 /98
&«3:{3

Orgwm

Radey 0 S8 0 &MY Lever L BBSD 0 SSEY L lovw

Rahey | 88§ 0 8880 Leewr 28R 3% Lwer

Radney | BST O ESST Liver | 2081 BT iiver

Rudney 903 0 8888 0 Raver | B0 8M 0 Liver

Kalsey | 506 0 &S Loeer 0 28 SY 0 lover

Rawey | 57 &% Law

Ridsew 0 808§ 8680 | Lover
Kooy

Laver

Ry S 0 888 Leww

Raney | S seed

Ry 0 B 0 68 Lo

Kby B} 0 &8 Lo

18593

Kadsey B8 0 6886 | Lyver

18583

Kooy 0 S8 &8 Lewr | 3R Taver

Radsey 0 517 0 &8 Lewy L 3B SRS laver

Rudaeye

3
3
i
3
i
3
i
X

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

47 /98

PCT/US2022/023177

Urgan

Kaduey

Kudnay

Baduey

Radwey

Lavsy

£33 Laver

Fadoey

Kidoy

Ly

§714 Laves

Kadney

Kadoy

Radwwey

Radaey

Badney

Kadowy

Kaduey

Kadapy

Koy

Ky

Kadsey

Raduey

Kadarey

883

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

e
Coaem

Bidwey 0 UREUTTUESSE T Thver SRR RS ey SR 06
Faduey

Kaduey

Radwey @ 88 &W Lavey | 3038 D 8T Law

Radwey 8% o2 LSS S Law

Rebawr 0 88 0 &M & COBORT L BTG Liwes

Faduey

Brain

Kooy | 364 0 S0 Laver | 34 1 BSY © Lwver

Radwey 8% QR Lawey | M3 0 SMT L Lawey

Rudsey 0 586 813 Laver L MMS 0 SMS  Lawer

Radney WY MY Lave

Beasy

Kadaey

Fadvey
Kadowy

Koy

Kiduey

Kadoey

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

Qrgan

SEG

O IMNG | Orgmn |

49/98
$E9

SEQ EQ
ING . (wgan

SEQ | ;
NG |

=

{ppt

Radoey

s
o

Kiduey

Liver

Kaduey

Lovey

Haduey 281 T Lawr 0 MR O8WG L Laww
Kadaey 982 §F7 Lavey W 80 Laver

Faduey

Ridwey

Katoey

Tiver

Kadasy

Laver

Radasy

Hadwey

Ridoey

Koy

..............................

Fadaey

Hadvey

Kadney

Tadoey

Kadooy
Kidmay

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

50/ 98
| SEQ SEQ
X0 N0 IDNO  Own
oy : et .
Radwey 0 W08 | &ME | Lwer | MY 0BT} 1 Lawey

SEQ | SEQ

Crgan

Kadaey

WHe | &MTF . Liver
Faney | HM

5 L EME L Lo

Fadney | HO8 | &M9 1 Luw

Kidowy | MO | ST 0 Laww

Ralay 0 HRQ
Ridmy | W3
Badasy 00

Kadowy

Raduey

Fadoey

fives

Radwey Lavey
Faduey

Kastaey

A i 0 A P B A S o R i R 0 S i R i S i i P i 8 e i

IR

Raduey ATES

v 3 . U A DI
laver | 3®E ¢ S¥W

Ridsey 0 28 0 888%  Laver | ¥ s

568 N I L
Hadey
Ridie

§767

Braw POK
Kadaey R i | Taver

'

3154 B80S Sy

BILOATRY L Tgwer | MY OBRO4 O Lwer | B3R 8ISS

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

““““““““““““““ S Lo SEQ i
ﬁ}\{?

, ii’i‘} ,,
‘i«"\-‘h“ :

1G58

10688

R
Lever | 3087 0 1Mt

Taver | 3088 12

Radwey wr
Bdwey TWRETEH
Ridoey 1039 6778
Raduey R &g
Ry IO TR
Badney AR TR
Kaduey | |

Liver | 339 © waw

Laver

R 83T 0 Raww 0 MERG 0 ESRY ¢ Lave S TR

WS ST L Leww | A2U RS  Lwwr | SBL L oX9

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

NO | IDRO | (rgan | ID

SEQ

114

g‘;}}

Maugele

T

Ruesole

NS

NH

HUE

Lavey

Lavey

Laves

Lover

1668

Laver

18

T8

Laver

&8t

Liver

(U

Wy

=
pd

S8 Lavey RR R

1A

s

B

e

3

2

Lumie

oo
ko
7

SRO% Laver 33143 /843 Tiver SIS
DREN Tavey EREE B R S Laver

Lawet

s
<z
-5
2,

Laver

Lavey

s
o
o}

H
i

R Taver 3148 2S4S Livey

Heat

Founte
be
i

Tavey

et
it

GENS

o
b2
522

SRR Laver 3148

-

Taver

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)

Zovrorreis




PCT/US2022/023177

WO 2022/212928

53/98

STIEIIIIY)

it

1 (Cont d)

FIG.

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

SEQ
N0 Ovgan
338 Lavw F 0 WY Bome

Brus

Brags

Brass

Brans

Lever 0 IS 8B D3NS OR8TR . B

Lwer 0 IH6 0 885 Ly 0 3HF O OBR O B ¢ M

16747

Lyver CORET &8s Tawer 0 318G 0 BEBG 0 Bpawm o 81N

Bramn | SRS 187

Bram

Brous

B

Bowm

Laway 0 M6 8235 Laww 8 OB Baw

Lawy COMRF D 8Rd Lawy 3 BSUIE I N T T

SNAY L Lawr O3B OESHY L B

Bran

By

Laver

3

Bran

Bous

Bouwn

Tover | ISITF Heart

P HIETTHAT s

Liver RS e Liver 38 8% B

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

55/98

SEQ

i i 1 3 g s L Yo . o et Bk
oE R L 4 : % ¥ % £ % E
P S o % iz > -

it i rE ey .l ot ot} e s v - < =2
PR S P : yimnk o o youndf " i ok Bk, $ond ek P

s ) ] Y o s
LS %
i G e > XA
- & X =1 .k - g e

SYRY

La

(Cont'd)

FIG. 11

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

Organ

SEQ . SEO

IWND IO Organ

{nl} {pH

mﬁ i

L INO

B8

. Organ

o R

mm,‘

1Y 1 R

ALY
R

n‘wm

3(3 )Y

&893

“mxﬂa

6854

Laver

ms‘{ald\ z

G893

Taves R

- Fanoress

Saver 1188 G895 Laver R 83 Miﬁit“\ SEEE L IUTER
Laver 1188 G897 Lives 3338 8538 Pancreas 488 383

Laves

Pancreay |

¥ i i!’:«\*‘s B \\§ 2533 B % ey 3
Ly 1333 33 8831 5160 :
§
e A A A 3
e P :

Laver 13 j LS4 ISR Ponvrwan l AWB
......................................... !
Laver §
b
3

Lavee HIS | S Laves 538 387 Ponoreas | DR S382
Laver W el faver QAT B4 Heant SRR Wy

Laver 1178 008 Laver s AN Hsart 45 ARG
Laver FERL §o0F Laver IS AN Heast 437 ¢ L

Hasat

Heant

Haat

N

Hemt

o4

Hean

Heant

ororsrrelsia

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)




WO 2022/212928

PCT/US2022/023177

RO ID

SEQ L .
XO | Gvgaw

¥ Lowr L 3MY L MY Hea

3
v
¥
3
¥
3
¥
3
¥
¥
3
¥
3
¥
3
¥
5
¥
N
3
¥
3
¥
3
¥
3
N
¥
3

S8 Liwr | 3B W Hew

Heut

Heagt

Heat

ST e ST TEET T

Laveey

Liver

9% Lo 33 (WM Hewt | MER it

68 Heasg

SNy S
207

Laver

Lavey

E
3
3
3
3
3
3

N

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

epd |
e

Lavay PO

Liver

Laver

Yanet
Heagt

R

ke
pLAN L

Heagt

faver

Laves

Laver

Do 3250

Laves -3

Livey R

Laver foRM

Taver | 33T 0 8?0 Haw

Lavey

Feag

e

Heant

Heany

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)

Gerereorilii,



WO 2022/212928

PCT/US2022/023177

vy 485 T4 Laves I3 T Heant
Laver I I L0 Lavex 3364 R Feant

Heant

Lavey R 1Y

Laver

EICE I BV Heant

iver

Feagt

Heast

Heat

R Heant
Hast

SO1% Heast
AAAAAAAAAAAAAAAAAAAAAAAAAAAAA et
et

5634 Mot

FIG. 11 (Cont'd,

SUBSTITUTE SHEET (RULE 26)




WO 2022/212928

60/98

PCT/US2022/023177

Organ

53’;{} ’&i(} $§§3 SZ{:{;}
IDNG IDNO Orgam  IDNO DN

Lrgan

Laver

o uul Hunl

T 698 Lewx | 1% 9@

Heant

Lavay

T
&H2g

Hasnt

Lives

Lavey

Heant

Eaves

Liver

i A
; :
; A

H s Y B S L aviodt N g O 3 x AL A SRS

' Loy 353 B Laves RS S RS Faat RIS R EE N
; A

i

i R Re NS TR » PR Y 1 S 38 : Sy Y : B AT
: Tav 12383 T8 Taver 3345 S04 Heant ST 10853
i ;

. . e — Sm——
Laves 1393 Laver FER R
H :

h ey LV DY g R ey Y
347 RS Heart S 8
§ ;

R oy AN

i EC

Q P g XV

i

H

L

3

3

3

3

Lavey O L IME L WS Hean KECE I SR

rrrrre s er e gy s e

%

R 2

\\\\\\\\\\\\\\\\\\\\\\\ e

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)




PCT/US2022/023177

WO 2022/212928

61/98

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177
62/98

WO 2022/212928

Py
i3

((((((((( i ; - - - oiprrrrrersds

e
3
L
e

REL

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

giﬁ&ﬁziﬁ\ﬂ

g:}t& {g}p}

Cyaan

Taver © MO 0 SIS Lewg 3¢ 1 TR

Laver MM Iy

Laver

364 7O

Taver | MOS0 9104 Lang HE VR 3

Laver

s A

Laver | MOS0 9IS Luwg

Taver

1368 W

Taver | MOT 0 M08 | Lang

iy

A G A

O P O P O S O O

Lamg :
:

lang ¥ MW

Lewg | 1 0 semd

Laag 0 S28% G pomes

Rk Eh

b R
Rttt
N 5
i

N
..................... VU U U UVUTE PPV PTUVVURL JUPUTUPUPTPTOIN:

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

64/98

Laver

S8

ey

i

A

S
Biam
N

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

65/98

PCT/US2022/023177

{rgan

SEQ

- BEQ
mxo
Ly

Laver

HOTSG

147

b
!

|

'kx-.-,-,“w.-,-.-,“\ =

b 3
Brain
|

;

|

|

|

Bezin

10508

Splesn

Brxn

Brag

B

e
Rraus
-
Braus
Reaus

Boam

R

SO Low oM@

T .
Laag

Beam

Nrass

W0 BEET Leee | 106
it

8 B

3G

S8

10908

" FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)




PCT/US2022/023177

WO 2022/212928

66 /98

s e

H
H
H
3

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

67/98

o

Srvesrrrrs

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

68/98

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

69/98

fang

~

11 (Cont'd)

FIG

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

70/98

SUUUUUIS U

esiine

i

T

2

¢
:
Y

5
381
s

e s s
v
w7 P y
4 % =
&8 R

FIG.

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

71/98

S
8

faoug

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

S

ESURGHIE SIS S § 1A

Spleen

Spdeen

Spleen | S43F 0 HIGAS

Splven

Spdesn 0 IS8 TEM L Laww

Apleen | N3 1167

RO B ¥ £ T TE O S Spleen | SETTTIRE

F4% gpleen | MMD 1G9

1%
¥

oy
Iz
Sk
e
>eed
%
<

Sdeen

........................................................................

SMETIMD

9354 Spless

5338 Spless

flaag
Laag

............................................................................................................................................................................................................................

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

73798

SO Organ

(aty

%
=
i
&

SN

Sples

1f (Cont'd)

FIG.

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177
74 /98

WO 2022/212928

wF o
-

Pt m‘mu
ek

11 (Cont'd)

FIG
SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177
75/98

WO 2022/212928

“““““
o _m m
oL o : o
LF R Sk : s
A Ay F e
i Y R hosd

P Prd

B

RO

X

£5

FIG11(Cont 3

o

wry

ket

¥

o wholwh Duh iwhobuh oh ieh lwh fop lep lng lop
A HE: 4

z % iz i@ % 8 % iz i3 iz 8 /%8 3
% b= 23 k=3 = &7 = [~ 4 2 =3 P =
ok Sy g \\\h P ok Bk w\\m : »\\m ot u\\m P4 p s

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177
76 /98

WO 2022/212928

s

WND B ND

pleen

Chgsn

.

oot

o

#ry

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

: ,,,‘43{';}
F388

Hydeen

Spleen

Spleen

Syedeent

Kpleen

o8

s
ororsrrrifins

Spleen 1 RESY L MR L Liwe

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

Qrgan

=0
N0

- SEQ | SEQ - SED
IS0 Grgas  IDXRO IDROQ

o

SEQ - SEQ

Orgar  IDND IDND

(al} Loty

. Spleen 198 M Lo IR0

{ah)

Splven

Spleen

1688

Spdeen

TR

Sydeent

Splesn

Spleen

B

Lives | W7 9503

43 Lives B

Splesn

Spdeen

A L S AL

ER AW 188 8N 3599 0 11188

TR RN RN

11188

Laver Splesn

TRE L BB Law 307 Splesn | S80Q

38

P P PR P PP P PR P G PG P G P P G PR R R

............. S(?imn

Spdeen

Koy | 5808

Spless

Nidwey | 307 1088

Splesn

Splesa

Splesn

Tovy Hadsey | 4837

-~

OIS SR

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

79/98

PCT/US2022/023177

Ovgan

Sael
IDNG

SEQ | OSEQ . SEQ

o

SEQ
Organ | 1D NO

{uiy

R
Y

T3

REEE )

o |

11384

Radne 3

303

933 Kudaey

Lavey

Splewn 3343

Ridney

Spless

Splesa

. Splean

. Splem

e

Spleen RS S 443 Lawy 2848 SR Ruleey | 8831 3@
TR RGeS ey TR
QR e TR T

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)




PCT/US2022/023177

WO 2022/212928

80/98

SEQ
IDNO

mNG

e

e

bod 5 P el Potd Do ] Vot
LT iE L L iR x
% G4y L4 ] £ i 4y

Splven

11 (Cont'd)

FIG

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

81/98

o
RS

daey

dney

o

o
&

dae

Rt

plexn

S

11 (Cont'd)

FIG

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

82/98

loen

K¢
e

Sp
Sple

FIG. 11 (Cont)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

83/98
SEQ | BEQ

Lrgan CIBXNG N0 Gvgan L IDNG IDRO L Qe
o {uf} oy : o fepy

FEO T RED
Sadeory 1 OIWS D TR law 3G3E 0 N0 Badwey

) o (opd

SR 190

Rpdeer © 18 laver | 336 | 2@ Radmey | PR L UM

Spdeen | ISR Laver Badiey | O3RN 1IREY

Apdeen 1843 laver Splesn | T 1N

Spdeen 0 IEM L TERE D Lo 3B MM Rabwey | e

Laver By &

LA

Kadaey

Laver |  Hadwey |

Kalowy

Fadwy |

Spdeen

Splesn

» ;M? Qi}

¥4 Kuloey

S84 Kubey

Spleen 1 1883

Spleen 0 IBSE L TAMR

45 Radoey
W48 Kuloey

B64Y 0 Rudsey | 3 1R

Spleen 1 1SS

Spless © RB8G C WEW

ey
)
FI{L

Splesn | I8V

BO48

Kadaey |

Spdeen ey

Nidney

- Badwey

7o Kahey |

Splevn

B . R

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

84/98

I X0

Kidnay

e
3

)

SR X

&
W

Kidaey

23

113

RPRERLN

RN TR
B

A

IRURNEERRTRRRNTRETRY

R R A AR A A A A R e

v,

o
70y

,,\T\W«V
frim

]

ey

S
b

Fam
b4
5

Borerssss

11 (Cont'd)

FIG

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177
85/98

WO 2022/212928

B
N

dae

N

S

mNO

1 (Contd)

FIG.

s
e,
o e ]
Srieek,
%
7%
oo G e em O
ol o %
mOiE L E
iy
X ] ok 77
3% ~s 745 =%
ko i o T
Yren o Pem, [

o o Lys Lo bogs o P o 7
2% % 2% % % £ '8 %
LB LB L LS B i i L
o T Tk 5 T Bk ok % i Dw | iw

virrceFocecorricdocecorrecis

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/023177

WO 2022/212928

86/98

DR

o, e

wi

27

Retithe

Spleen

Sydeens

Spdeen

245 24 e o
o5 g g
g 43 5 A
T 10, 1B T
[2 [eed w Ers

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

SEQ | OBEQ | SEQ
IS0 Orgas  IDXRG IDXOG . OGrgan

B o on

LSRG
CmNO
b

Qrgan

IDNO Ao

SEQ - SEQ

o

Fa8Y . Intestine | 4838 @8

%
=,
%
g

FETN

Splven

Spleen

Spheen 0 IBED L W ol

Sydeent

S84 Kiduey

Radwey

Splean ST L OYESE | Dwestme | 48 L 8T8 Radwey

L A A

Spleens © IBGE L TR} R Raduey

C Tufectine | A04Y

- )
AR
PR A
Y

11388

r/5

=,

%

i

Ko, .
; e . : ) : i : ) oS

i

ol

vt

s

Eé&

i1

5

4

e

%

L

11400

YRR

FRE

Spdeen

Spless

Splesn

Splesa

Splesn

Totesting | K

-~

11408

Gvisiaiinds

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

88/98

CSEQTUSEG T
IR0 IDNO

CSEG T NED
qey G
T EHEITIDE

Organ Qyaan

Spdeeny

Spsdeen

R

Splesn

T Radwey | NETIRN

Ttestare + R 8RS Rudesy

desting |

Splesn | 1991 TR ST 0 BTRE L Radsey |

Ridasy

Radwey
Rahsey
Badney | WETIOR

Radoey

Spdeant

Spleen

Sndeey

ASTTTHR T Kdeey | S8 114

I R ey SR TR

Spdeen 2006 G085 0 OTMY L Rudwev | SBT L 11438

Spdeey 12T

Splesn

Kadaay |

Splesn 1AM oM

Splesn

Spleen | 208 Radoey

Spleen

Splesn 1 3 Splesn Kudwey | 385G © 383t

Rpleen | 90 | W L Kudsey |

Kadsey

b H ¥
3 . 2.

FIG. 11 (Cont'd)

Spleen | 2013

Splest 0 Spleen

£
i
et
P
L
g
o]
ot

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

PCT/US2022/023177

Oroan

L {}-zfgs::x:;

‘ m ‘o Wy

Ovgan

e émr}
48y

{{m o pp}

A}

Rubwey | S8 11433

Kadowy

Spleen

Ridoee | 4780 10436

Spleen

S8 AL Radwey

Ao

S

Y

Hpdeen

FIG. 11 (Cont'd)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

11988
11850
11958

Fiee2

PR AS

13

R

11596
11987
11998
119

13660

Lt

TIRRG
TIRRY
11888
118eR

FER0G

11901 AT 11697
{

AL EN

3
3
3
3
3
3
X

...................................................................................................................

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

SEQD
NOmd N

T MDA 1A 1201
HRGE MDA
W MDA

181 MDA

R g

FE T O S Y

{

| W MDA USRS UMY &S :
CHeh DI LSRR MDA LIS L0 AR 1 1w
b 1B BEY : : ‘ ~

el 11814

>

i
ot

ot
oot
[
ok
w2
R
[
Siend
e
o

v
LR 3N

X

2020

Bl s
B 1186 109
Bl 1u87
Hela o 1M88 0 180
Ok 1S
CHeh 10 B
ek 1MS R

PR

MDA LS 19w
MDA 0L 11000

Figa

: 183
"""""" (1664 11923
(160 119N
B

1136

1397

CMel 1B LIS MDA MIE . LSS ASW |
CHeh o 1MR | NS0 MDA U0 | LS AS® 0 OM3 | D03
FIG. 12 (Cont’d)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928

2047

FAER S

138

MDA

MDA

i Hela

FIG. 12 (Cont’d)

SUBSTITUTE SHEET (RULE 26)

PCT/US2022/023177



WO 2022/212928

PCT/US2022/023177

SEQID | SEQID
NOmh NoGn

93/98

SEQID | SEQID
- NG{uty - NGipp)

13088

MDA 11836

TR

1i¥

: q_&"{"}& :
: :}’R«M-v 3

ERENY

11863 MDA IS

HT

MDA IS4

HTRE

MDA LSS

PMDA e

LRI

FHYFG

DA |

T

12098

12080

M3

12081

MDA s

12082

11547

S

tigal

BRSNS

198

312 FEEER

IR

12088

Jrke
7
>

¥l

ST I LN
. ;

px
AMY L e | oum

fvd
LJ-I
Er4d
b
b

FIG. 12 (Cont’d)

SUBSTITUTE SHEET (RULE 26)




WO 2022/212928 PCT/US2022/023177

11983

11883

A8 AMN D BT 120

i3

FIG. 12 (Cont’d)

SUBSTITUTE SHEET (RULE 26)



WO 2022/212928 PCT/US2022/023177

95/98
Loop1 insertion sites highlighted in lightest gray

Loop2 insertion sites highlighted in

Peptides are inserted between the two highlighted DNA/AA positions, with a serine-glycine
(DNA: agcggt) linker on the 5" end, and a glycine-serine (DNA: ggttca) linker on the 3’ end.

AAVS5 DNA:

Atgtctittgttgatcaccctccagattggttggaagaagtiggtgaaggtcticgcgagttttigggecttgaagegggeccaccga
aaccaaaacccaatcagcagcatcaagatcaagceccgtggtctigtgetgectggttataactatctcggacccggaaacggtct
cgatcgaggagagcctgtcaacagggcagacgaggtcgcgcgagagcacgacatctcgtacaacgagceagcettgaggegg
gagacaacccctaccicaagtacaaccacgeggacgecgagtttcaggagaagcetcgecgacgacacatcecttcgggggaa
acctcggaaaggcagtctttcaggccaagaaaagggtictcgaacctttiggectggtigaagagggtgetaagacggecccta
ccggaaageggatagacgaccactttccaaaaagaaagaaggcetcggaccgaagaggactccaagecttccacctegtcag
acgccgaagctggacccagceggatcccagceagetgcaaatcccageccaaccagectcaagtitgggagetgatacaatgtct
gcgggaggtggcggceccattgggcgacaataaccaaggtgecgatggagtgggcaatgectcgggagattggceattgegatte
cacgtggatgggggacagagtcgtcaccaagtccacccgaacctgggtgetgeccagcetacaacaaccaccagtaccgaga
gatcaaaagcggciccgtcgacggaagcaacgccaacgcctactttggatacagcaccccctgggggtactttgactttaaccg
cttccacagecactggagecccecgagactggcaaagactcatcaacaactactggggeticagaccccggtecctcagagtca
aaatcttcaacattcaagtcaaagaggtcacggtgcaggactccaccaccaccatcgccaacaacctcacctccaccgtccaa
gtgtttacggacgacgactaccagctgccctacgtegtcggcaacgggaccgagggatgectgecggectteccteegeaggte
tttacgctgcecgeagtacggitacgcgacgetgaaccgcgacaacacagaaaatcccaccgagaggageagcttetictgecta
gagtactttcccagcaagatgctgagaacgggcaacaactttgagtttacctacaactttgaggaggtgcccttccactccagcettc
gctcccagtcagaacctgtticaagetggecaacccgetggtggaccagtacttgtacegcettcgtgagcacaaataacactggeg
gagtccagttcaacaagaacctggccgggagatacgccaacacctacaaaaactggttcccggggeccatgggecgaacce
agggctggaacctgggcetccggggtcaaccgegecagtgtcagegecttcgecacgaccaataggatggagetcgaggocg
cgagttaccaggtgcccccgeagecgaacggeatgaccaacaacciccagggeagceaacacctatgeecctggagaacacta
tgatcttcaacagccagccggcegaaccecgggeaccaccgecacgtacctcgagggcaacatgctcate gcgagagceg
agacgcagccggtgaaccgegtggegtacaacgtcggegggeagatggecaccaacaaccagagetcgaccactgeeeee
gcgaccggcacgtacaacctccaggaaatcgtgcceggeagegtgtggatggagagggacgtgtacctccaaggacccatct
gggccaagatcccagagacgggggcgeactttcaccectetccggecatgggeggattcggactcaaacacccaccgeccat
gatgctcatcaagaacacgcctgtgcccggaaatatcaccagcettctcggacgtgeccgtcageagcttcatcacccagtacag
caccgggcaggtcaccgtggagatggagtgggagcetcaagaaggaaaactccaagaggtggaacccagagatccagtaca
caaacaactacaacgacccccagtttgtggactttgccccggacageaccggggaatacagaaccaccagacctatcggaac
ccgataccttacccgacccctttaa

FIG. 13
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AAV5 Amino Acids:

MSFVDHPPDWLEEVGEGLREFLGLEAGPPKPKPNQQHQDQARGLVLPGYNYLGPGNGLD
RGEPVNRADEVAREHDISYNEQLEAGDNPYLKYNHADAEFQEKLADDTSFGGNLGKAVFQ
AKKRVLEPFGLVEEGAKTAPTGKRIDDHFPKRKKARTEEDSKPSTSSDAEAGPSGSQQLQL
PAQPASSLGADTMSAGGGGPLGDNNQGADGVGNASGDWHCDSTWMGDRVVTKSTRTW
VLPSYNNHQYREIKSGSVDGSNANAYFGYSTPWGYFDFNRFHSHWSPRDWQRLINNYWG
FRPRSLRVKIFNIQVKEVTVQDSTTTIANNLTSTVQVFTDDDYQLPYVVGNGTEGCLPAFPP
QVFTLPQYGYATLNRDNTENPTERSSFFCLEYFPSKMLRTGNNFEFTYNFEEVPFHSSFAP
SQNLFKLANPLVYDQYLYRFVSTNNTGGVQFNKNLAGRYANTYKNWFPGPMGRTQGWNLG
SGVNRASVSAFATTNRMELEGASYQVPPQPNGMTNN SNTYALENTMIFNSQPANPGT
TATYLEGNMLITSESETQPVNRVAYNVGGQMATNNQSSITAPATGTYNLQEIVPGSVWME
RDVYLQGPIWAKIPETGAHFHPSPAMGGFGLKHPPPMMLIKNTPVPGNITSFSDVPVSSFIT
QYSTGQVTVEMEWELKKENSKRWNPEIQYTNNYNDPQFVDFAPDSTGEYRTTRPIGTRYL
TRPL

FIG. 13 (Cont'd)
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97198
Loop1 insertion sites highlighted in lightest gray

Loop2 insertion sites highlighted in 1

Peptides are inserted between the two highlighted DNA/AA positions, with a serine-glycine
(DNA: agcggt) linker on the 5’ end, and a glycine-serine (DNA: ggttca) linker on the 3’ end.

AAV9 DNA:

Atggcetgecgatgottatcticcagattggetcgaggacaaccttagtgaaggaattcgegagtggtgggcetitgaaacctggage
ccctcaacccaaggcaaatcaacaacatcaagacaacgctcgaggtcttgtgcticcgggttacaaataccttggacceggeaa
cggactcgacaagggggagcecggtcaacgcageagacgeggeggecctcgagcacgacaaggectacgaccagcagete
aaggccggagacaacccgtacctcaagtacaaccacgecgacgecgagttccaggageggcetcaaagaagatacgtettitg
ggggcaacctcgggcgagcagtcttccaggccaaaaagaggcticttgaacctettggtctggtigaggaageggctaagacg
gctcctggaaagaagaggcectgtagageagtctectcaggaaccggactectccgegggtattggcaaategggtgeacagece
cgctaaaaagagactcaatttcggtcagactggcgacacagagtcagtcccagaccctcaaccaatcggagaacctcccgea
geeccctcaggtgtgggatcetcttacaatggetticaggtggtggegeaccagtggecagacaataacgaaggtgecgatggagtg
gotagttcctcgggaaattggceattgegattcccaatggetgggggacagagtcatcaccaccageacccgaacctgggecectg
cccacctacaacaatcacctctacaagcaaatctccaacagcacatctggaggatcttcaaatgacaacgcectacttcggcetac
agcaccccctgggggtatttigacttcaacagattccactgecactictcaccacgtgactggcagegactcatcaacaacaactg
gggattccggcctaagegactcaacttcaagctcttcaacattcaggtcaaagaggttacggacaacaatggagtcaagaccat
cgccaataaccttaccagcacggtccaggotcticacggactcagactatcageteecegtacgtgetcgggtcggetcacgaggg
ctgccteecegecgttcccageggacgttttcatgattcctcagtacgggtatctgacgcettaatgatggaageccaggecegtgggteg
ttcgtecttitactgectggaatatitcecgtcgecaaatgctaagaacgggtaacaacticcagticagetacgagtttgagaacgtac
ctttccatagcagctacgcetcacagccaaagcectggaccgactaatgaatccactcatcgaccaatacttgtactatetctcaaag
actattaacggttctggacagaatcaacaaacgctaaaattcagtgtggccggacccagcaacatggcetgtccagggaagaaa
ctacatacctggacccagctaccgacaacaacgtgtctcaaccactgtgactcaaaacaacaacagcegaatttgettggectgg
agcttcttcttgggctctcaatggacgtaatagcettgatgaatcctggacctgctatggccagccacaaagaaggagaggaccgtt
tetttectttgtctggatctttaatitttggcaaacaaggaactggaagagacaacgtggatgcggacaaagtcatgataaccaacg
aagaagaaattaaaactactaacccggtagcaacggagtcctatggacaagtggccacaaaccaccagagte
caggcgcagaccggcetgggtticaaaaccaaggaatacttccgggtatggtttggcaggacagagatgtgtacctgcaaggace
catttgggccaaaattcetcacacggacggceaactttcaccctictcegetgatgggagggttiggaatgaagceacccgcectecte
agatcctcatcaaaaacacacctgtacctgcggatcctccaacggcecticaacaaggacaagctgaactctttcatcacccagta
ttctactggccaagtcagegtggagatcgagtgggagcetgcagaaggaaaacageaagegcetggaaccecggagatccagta
cacttccaactattacaagtctaataatgttgaatttgctgttaatactgaaggtgtatatagtgaacccegecccattggcaccagat
acctgactcgtaatctgtaa

FIG. 14
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AAV9 Amino Acids:

MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQQHQDNARGLVLPGYKYLGPGNGL
DKGEPVNAADAAALEHDKAYDQQLKAGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVF
QAKKRLLEPLGLVEEAAKTAPGKKRPVEQSPQEPDSSAGIGKSGAQPAKKRLNFGQTGDT
ESVPDPQPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGVGSSSGNWHCDSQWLGD
RVITTSTRTWALPTYNNHLYKQISNSTSGGSSNDNAYFGYSTPWGYFDFNRFHCHFSPRD
WQRLINNNWGFRPKRLNFKLFNIQVKEVTDNNGVKTIANNLTSTVQVFTDSDYQLPYVLGS
AHEGCLPPFPADVFMIPQYGYLTLNDGSQAVGRSSFYCLEYFPSQMLRTGNNFQFSYEFE
NVPFHSSYAHSQSLDRLMNPLIDQYLYYLSKTINGSGQNQQTLKFSVAGPSNMAVQGRNY]
PGPSYRQQRVSTTVTQNNNSEFAWPGASSWALNGRNSLMNPGPAMASHKEGEDRFFPL
SGSLIFGKQGTGRDNVDADKVMITNEEEIKTTNPVATESYGQVATNHQ AQAQTGWVQ
NQGILPGMVWQDRDVYLQGPIWAKIPHTDGNFHPSPLMGGFGMKHPPPQILIKNTPVPADP
PTAFNKDKLNSFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYYKSNNVEFAVNTEG
VYSEPRPIGTRYLTRNL

FIG. 14 (Cont'd)
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See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2016/054554 A1 (UNIVERSITY OF MASSACHUSETTS) 07 April 2016; claim 1,4, 5,6, 7, | 1,2, 3, 6-9, 14, 23-30, 39,
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. 21 February 2021; Entire Document

EI Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents: © “T” later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

“D™ document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which “Y™ document of particular relevance; the claimed invention cannot
is cited to establish the r{)ubhcatlon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“O” documentreferringtoan oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than “&” document member of the same patent family .
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
14 July 2022 (14.07.2022) SEP 08 2022

Name and mailing address of the I[SA/US Authorized officer

Mail Stop PCf, Attn; ISA/US, Commissioner for Patents ) Shane Thomas
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
X’ in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.
b. D furnished together with the international application under PCT Rule 13¢er: 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file. ’
c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13fer.1(a)).

I:l on paper or in the form of an image file (Rule 13ser.1(b) and Administrative Instructions, Section 713).

2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

m Claims Nos.: 4-5, 10-13, 71-72, 80-85
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***-Please See Supplemental Page-***-

1. [:I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort )ustlfymg additional fees, thls Authority did not invite payment of
additional fees.

3. |:| As only some of the requlred additional search fees were timely paid by the apphcant this mtematlonal search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
Groups I+, 1-3, 6-9, 14-65 and hepatocytes (target cells), liver (target tissue), SEQ ID NO: 5865 (targeting peptide), a
liver-specific TBG promoter (tissue specific promoter)

Remark on Protest [:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

E’ The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

l:' No protest accompanied the payment of additional search fees.
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-+**_Continued From Box No. IIl: Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single generel inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Grodbs]*’-, 1-3, 6-9, 14-65 and hepatocytes (target cells), liver (target tissue), SEQ ID NO: 5865 (targeting peptide), a Iiver—sbeciﬁc TBG
promoter (tissue specific promoter) are directed towards viral vectors, AAV capsid proteins, recombinant AAVs, methods, isolated
nucleic acids, compositions, and kits comprising capsid proteins with targeting peptides.

Groups |1+, 66-70, 73-79 and SEQ ID NO: 5865 (targeting peptide) are directed towards methods for coating a virus or viral particle with
membrane fragments. ) ] .

Group lIl, Claims 86-87 are directed towards engineered viral particles and methods using artificial lipid envelopes.

The inventions listed as Groups I+, ll+, and Il do not relate to a single general inventive-concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of
Group I+ include recombinant AAV, not present in any of the other Groups; the special technical features of Group II+ include lysing
donor cells in a hypotonic solution, not present in any of the other Groups; the special technical features of Group Il include an artificially
prepared lipid envelope, not present in any of the other Groups.

The viral vectors, AAV cap5|d proteins, recombinant AAVs, methods, isolated nucleic acids, compositions, and kits of Claims 1-3, 6-9,
14, 23-30, 39, 40-44 (each in-part), 45-51, 52 (in-part), 53-59, 60 (in-part), 61-62, 63-65 (each in-part) are believed to encompass the *
first named invention of Groups. |+ and are the claims that will be searched without fee to the extent that they-encompass hepatocytes
(first exemplary target cells), liver (first exemplary target tissue), SEQ ID NO: 5865 (f rst exemplary targeting peptlde) a liver-specific
TBG promoter (first exemplary tissue specific promoter).

This first named invention of Group I+ has been selected to encompass the first species of each of the genera found in.claims 14, 30, 40
and 60 based on the guidance set forth in section 10.54 of the PCT International Search and Préliminary Examination Guidelines.

Applicant is invited to elect additional target cell(s), target tissue(s), tissue specific promoter(s), and targeting peptide(s), with-specified
SEQ ID NO: for each, or with specified substitution(s) at specified site(s) of a SEQ ID NO:, such that the sequence of each elected
species is fully specified (i.e. no optional or variable residues or substituents), and where available as an option within at least one
searchable claim, to be searched. Additional target cell(s), target tissue(s), tissue specific promoter(s), and targeting peptide(s), will be
searched upon the payment of additional fees. Applicants must specify the searchable claims that encompass any additionally elected
target celi(s), target tissue(s), tissue specific promoter(s), and targeting peptide(s). Applicants must further indicate, if applicable, the °
claims which encompass the first named invention, if different than what was indicated above for this group. Failure to clearly identify
-how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be
searched/examined. An exemplary election would be neuronal cells (targét cells), brain tissue (target tissue), SEQ'ID NO: 5866
(targeting peptide), and a synapsin-1 promoter (tissue specific promoter).

The methods of Claims 66-70, 73-78, and 79 (in-part) are believed to encompass the first named invention of Groups I+ and are the
claims that can be searched with payment of a fee for Groups i1+, to the extent that they encompass SEQ ID NO: 5865 (first exemplary
targeting peptide). .

This first named invention of Group il+ has been selected to encompass the first species of'each of the genera found in claim 79 based
on the guidance set forth in section 10.54 of the PCT International Search and Preliminary Examination Guidelines.

Applicant is invited to elect-additional targeting peptide(s), with specified SEQ ID NO: for each, or with specified substitution(s) at
specified site(s) of a SEQ ID NO:, such that the sequence of each elected species is fully specified (i.e. no optional or variable residues
or substituents), and where available as an option within at least one searchable claim; to be searched. Additional sequence(s) will be.
searched upon the payment of additional fees. Applicants must specify the searchable claims that encompass any additionally elected
targeting peptide(s). Applicants must further indicate, if applicable, the claims which encompass the first named invention of Groups i+,
if different than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be
applied to the "+" group(s) will result in only the first claimed invention of Groups I+ to be searched/examined. An exemplary election
would be SEQ ID NO: 5866 (targeting peptide).

Groups I+, II+, and lli share the technical features including: a viral particle.
However, these shared technical features are previouslybdisclosed by US 10,920,244 B2 (Bell et al.} (hereinafter ‘Bell).
Bell discloses a viral particle (an AAV vector; abstract). ‘

Groups I+ share the technical features including: a viral vector having a capsid protein comprising a heterologous targeting peptide in a
range of 10-30 amino acids in length; an adeno-associated virus “AAV” capsid protein comprising a heterologous targeting peptide
cloned into loop 1 and/or loop 2 of the capsid protein, wherein the heterologous targeting peptide is about 10-30 amino acids,in length; a
recombinant AAV “rAAV” comprising a capsid protein; a recombinant AAV “rAAV” comprising a capsid protein having a targeting peptide
in loop 1 and/or loop 2; a composition comprising the recombinant rAAV; a method for delivering a transgene to a subject comprising:

- administering a recombinant AAV “rAAV” to a subject, wherein the rAAV comprises: i) the capsid protein, and ii) at least one transgene,
and wherein the rAAV infects cells of a target tissue of the subject; an isolated nucleic acid encoding an AAV capsid protein containing
an amino acid sequence; a composition comprising the isolated AAV capsid protein; a kit for producing a rAAV, the kit comprising: a
container housing the-isolated nucleic acid; these shared technical features are previously disclosed by Bell in view of WO 2016/131009.
A1 (UNIVERSITY OF MASSACHUSETTS) (hereinafter ‘Mass').

-***_Continued Within the Next Supplemental Box-***-
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Bell discloses a viral vector having a capsid protein comprising a heterologous targeting peptide in a range of 10-30 amino acids in
length (an AAV capsid comprising a heterologous targeting peptide, where the targeting peptide comprises a peptide fragment from 45
amino acids or shorter, where the fragment can be amino acids 447-469; column 2, lines 55-60; column 5, lines 15-28); an
adeno-associated virus “AAV” capsid protein comprising a heterologous targeting peptide cloned into loop 1 and/or loop 2 of the capsid
protein (an AAV capsid comprising a heterologous targeting peptide cloned into a loop of the capsid protein, where the loops include
loop domains | and Il; column 3, lines 44-49; column 4, lines 28-31), wherein the heterologous targeting peptide is about 10-30 amino
acids in length (where the targeting peptide comprises a peptide fragment from 45 amino acids or shorter, where the fragment can be
amino acids 447-469; column 5, lines 15-28); a recombinant AAV “rAAV” comprising a capsid protein (an rAAV comprising a capsid
protein; column 4, lines 28-31; column 9, lines 60-61); a recombinant AAV “rAAV” comprising a capsid protein having a targeting peptide
in loop 1 and/or loop 2 (a recombinant AAV with an AAV capsid comprising a heterologous targeting peptide cloned into a loop of the
capsid protein, where the loops include loop domains | and II; column 3, lines 44-49; column 4, lines 28-31; column 9, lines 60-61); a
composition comprising the recombinant rAAV (a pharmaceutical composition comprising the rAAV; column 9, lines 60-61; column 18,
lines 22-26); a method for delivering a transgene to a subject (administering an AAV comprising a transgene to a subject; column 9, lines
25-35; column 18, lines 35-39) comprising: administering a recombinant AAV “rAAV” to a subject (administering an rAAV to a subject;
column 18, lines 35-39), wherein the rAAV comprises: i) the capsid protein (an rAAV comprising a capsid protein; column 9, lines 25-35),
and ii) at least one transgene (a transgene; column 9, lines 25-35), and wherein the rAAV infects cells of a target tissue of the subject
(the rAAV infects targeted host cells; column 11, lines 5-15; column 18, lines 35-39); an isolated nucleic acid encoding an AAV capsid
protein containing an amino acid sequence-(a nucleic acid sequence encoding an AAV capsid protein containing an amino acid
sequence; column 9, lines 28-30; column 21, lines 10-15); a composition comprising the isolated AAV capsid protein (a composition
comprising an AAV capsid; column 16, lines 22-24); .

Bell does not disclose a kit for producing a rAAV, the kit comprising: a container housing the isolated nucleic acid.

Mass discloses a kit for producing a rAAV (a kit for producing a rAAV; page 4, lines 9-13), the kit comprising: a container housing the
isolated nucleic acid (the kit comprising a container housing an isolated nucleic acid; page 4, lines 9-13).

It would have béen obvious to a person of ordinary skill in the art, at the time of the invention, to have modified the rAAV and nucleic
acid, as previously disclosed by Bell, with a kit and a container; as previously disclosed by Mass, to provide the benefit of packaging the
rAAV for ease of delivery and use by professionals.

Groups l1+ share the technical features including: a method for coating a virus or viral particle with membrane fragments comprising:
lysing donor cells in a hypotonic solution, which optionally may be combined with Dounce homogenization or sonication, in order to
fractionate the cell membrane; removing cells and cell debris by one or more rounds of centrifugation, leaving a membrane enriched
fraction; extruding the membrane enriched faction through polycarbonate membrane(s) to generate purified membrane fragments; and
coating virus or viral particles by coextruding the virus or viral particles with the purified membrane fragments through polycarbonate
membrane(s); these shared technical features are previously disclosed by the publication entitled ‘Erythrocyte membrane-camouflaged
polymeric nanoparticles as a biomimetic delivery platform’ to Hu, C. et al: (hereinafter ‘Hu’) in view of Bell.

Hu discloses a method for coating a particle with membrane fragments (a method for coating a nanoparticle with membrane fragments;
abstract) comprising: lysing donor cells in a hypotonic solution (lysing RBCs in a hypotonic environment; page 10980, second column,
second paragraph), which optionally may be combined with Dounce homogenization or sonication, in order to fractionate the celt
membrane (to remove the cell contents and fragment the membrane; abstract; page 10980, second column, second paragraph);
removing cells and cell debris by one or more rounds of centrifugation (RBCs were centrifuged after hypotonic medium treatment to
provide RBCs devoid of cytoplasmic contents; page 10984, first column, fourth paragraph); extruding the membrane enriched faction
through polycarbonate membrane(s) to generate purified membrane fragments (extruding the RBCs through porous polycarbonate
membranes to create RBC-membrane derived vesicles; page 10980, second column, second paragraph; page 10984, first column, fifth
paragraph); and coating particles by coextruding the virus or viral particles with the purified membrane fragments through polycarbonate
membrane(s) (fusing the RBC-membrane -derived vesicles with the nanoparticles through mechanical extrusion with a porous
polycarbonate membrane; page 10980, second column, second paragraph; page 10984, second column, second paragraph), and Hu
further discloses centrifugation, leaving an enriched fraction (centrifuging blood to purify RBCs; page 10980, second column, second
paragraph). - .

Hu does not disclose a virus or viral particle.

Bell discloses a viral particle (an AAV vector; abstract).

It would have been obvious to a person of ordinary skill in the art, at the time of the invention, to have modified the method for coating a
particle with membrane fragments, as previously disclosed by Hu, with a viral particle, as previously disclosed by Bell, to provide the

benefit of extending the residence time in a subject of a viral particle which is being used therapeutically.

Since none of the special technical features of the Groups I+, lI+, and Il inventions is found in more than one of the inventions, and
since all of the shared technical features are previously disclosed by the Bell and Hu references, unity of invention is lacking.
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